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PREFACE.

MiNiNGg has at all times held an important position as a branch of Engineering, but at no time
has that importance been so great or so manifest as at the present. The dependence of our material
prosperity on an abundant supply of fuel, and the enormous and constantly increasing requirements
of such prosperity have rendered the labour of the miner as essential to our existence as is that of
the agriculturist, and created a demand that has given an amazing impetus to the progress of his
calling. Scores of new pits are being sunk in every proved coal field, and new winnings are
announced every day; and in fields yet untried, or only partially known, borings and sinkings
are being pushed on with the utmost vigour. This state of things has created a demand for the
knowledge of the Mining Enginecr which the numbers of his profession are too few to supply;
hence we find many men, whose training and practice have been in other branches of Engineering,
abandoning their former duties in favour of those which offer a greater reward for their services.
This is especially the case with young men fresh from their state of pupilage. Yet, notwithstanding
this significant fact, and notwithstanding the position which this country holds as the chief producer
of coal, the literature of Mining is singularly scant. It cannot be said that a complete treatise on
Coal Mining exists in the English Language. Thero are, indeed, works on the subject, each
excellent in its degree, but some are devoted to the description of merely local practice, while others
are written in a style that is rather popular than suited to the requirements of the practical man.
This is the more surprising, as both in France and in Germany the same defect has long since been
made good. The consequence is, that neither he who turns his attention from other branches of
Engineering to that of Mining, nor the pupil of the practising Mining Engineer, can find a work
to which he may turn for instruction, and, in the case of the experienced man, to which he may refer
in difficult cases for the practice of other districts. Moreover, the Legislature has now laid such
responsibility upon the manager, that he, too, finds it necessary to possess a wider knowledge than
was formerly found to be sufficient. To this class, a trustworthy book of reference, in cases of doubt
and difficulty, must be of the greatest value.

To supply the want, which undoubtedly exists, is the task I have set myself to perform. Of
the manner in which I have accomplished this task, it is not needful to speak; this much,
however, it may be desirable to say, that nothing but what has been proved by experience, and is
now in use, has received consideration; old and generally abandoned methods have been left
in undisturbed possession of the realms of oblivion, and novelties introduced in their true
character, as schemes whose merits have yet to be proved. Moreover, as the name of the latter is
legion, only such have received notice as have already undergone the test of some genuine practice.
Thus, practice, present practice, is the subject of this Treatise. And in describing this practice, I
have not confined myself to personal experience, which would have rendered the Work a mere



PREFACE.

vehicle of personal opinion, nor to the experience of a district, which would have limited its useful-
ness. Nor have I hesitated to introduce methods from French, Belgxan, and German practice,
when they have appeared to be applicable, either in their entirety or in a modified form, to the

conditions which exist at home.
The Work is divided into Fifteen Chapters, as follows :

Chapter I, Practical Geology. | Chapter IX. Winding.
” 1I. Coal: its Mode of Occurrence, Com- | » X. Drainage.
position, and Varieties. f » XL Ventilation.
»  III. Soarching for Coal. ‘ » XII Incidental Operations.
»  IV. Shaft-sinking. ‘ »s XIII. Surface Works.
” V. Driving of Levels, or Narrow Work, | » XIV. Management and Accounts.
» VI Bystems of Working, | » XV. Charactoristics of the Coal-fields of
»  VIL Getting the Coal. i Great Britain and America.

» VIIL Tuuluge. |

Each of these Chapters deals fully with the subject to the treatment of which it is devoted ;
and the value of the descriptions is materially increased by the addition of numerous drawings of a
practical character.
~ The importance of geological knowledge to the Mining Engineer is so great and so obvious,
that no apology would seem to be needed for prefacing a work on coal mining intended to be
eminently practical, with a somewhat cxtended exposition of geological facts. Yet it may be urged,
that the subject might be more conveniently studied in special treatises. My answer to this objection
is twofold. First, no suitable treatise exists. Many and excellent works there are, it is true, but
they have not been prepared with a special view to the requirements of the Mining Engineer. To
obtain that knowledge which is necessary to enable him to discharge efficiently the duties of his
profession, he is compelled to search through a mass of information, a large proportion of which,
though eminently important and decply interesting in itself, has only a remote bearing upon the
practical operations of mining. I have therefore endeavoured to provide for this want, by supplying
only so much of that information as he is in immediate need of. Secondly, the facts of geology are
so closely and so inseparably bound up with the principles and practice of mining, that it is
impossible to explain the principles and to describe the practice without making continual reference
to those facts. 1lence, by placing them in the position they now occupy, I have merely disentangled
them from the text, thereby removing from the latter a source of interruption, and rendering the
former more easy of reference.

GEO. G. ANDRE.

16, CraveN STreET, S8TRAND, LONDON,
August 1st, 1875.
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MINING ENGINEERING.

CHAPTER L

PRACTICAL GEOLOGY.

“ THERE is no profession that comes so intimately in contact with geological phenomena, or that
stands so much in need of a knowledge of geological truths, as that of the mining engineer, It is
true that mining was practised, and in many instances successfully, long before geology had shaped
itself into a science ; but even the most successful practice was local and limited, and wanted that
grasp of general truths which could enable it to pronounce on other districts, and deal successfully
with their altered phenomena. The discrimination of the same formation in distant localities, the
varying nature of sedimentary deposits, the rclations of the eruptive to the stratified rocks, and
the laws regulating the dircction, character, and effects of faults, dykes, and veins—these, and many
kindred problems, can be solved only by a pretty extensive acquaintance with the facts and principles
of geology. It is true that much in successful mining depends on mechanical appliances, but the
most skilful appliances will not compensato for ignorance of the nature, position, variations, and
interruptions of the substances the miner may be in quest of. . . . Tho practice of mining is no
doubt surrounded by numerous difficultics; but it is astonishing how many of these may be overcome
by an engineer thoroughly acquainted with the geological structure of his ficld, and ever on the
alert to notice the nature, position, and direction of any changes that may occur in the strata
through which he is driving.”

The truths thus clearly and forcibly expressed by Dr. Page are so obvious, and so generally
acknowledged, that neither explanation nor proof is needed here; and they are a sufficient justifi-
cation for introducing geological considerations somewhat largely into the present work. Geology
mugt be held to be the foundation upon which the science of mining engineering rests, and as such
it claims the first place in a work that pretends to build up the superstructure.

A rock has been defined as a mass of mineral matter consisting of many particles, either of one
species of mineral, or of two or more species of minerals, or of fragments of such particles, which
may or may not resemble each other in size, form, or composition. Under the term “rock,” the
geologist includes all large masses of mineral matter, whether the constituent particles of such masses
be agglutinated and strongly coherent or not. Thus, in this sense, loose sand and clay are rocks,
and in treating of them from this point of view, they are so denominated. The question of the
origin of rocks is not only a very interesting one, but it is of great practical importance, inasmuch
a8 its true determination enables us to solve many other problems that have a direct and immediate
bearing upon matters that the mining engineer has constantly to deal with. Hence it will be

neceseary to take a brief view of the agencies and processes by which rocks bave been produced.
B
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TaE ORIGIN AND CLASSIFICATION OF RoCKs.—It is an obvious fact that in bodies possessing
a crystalline structure, the particles of which the crystals are composed must have been free to move
and to arrange themselves in the positions due to the nature of crystallization. In other words, tl.wy
must have been deposited from a fluid state. Such a state can be produced by only two agencies,
heat and water, the former of which causes fusion, and the latter solution. To one or the other,
therefore, of these agencies, the origin of every kind of rock must be referred, and according as the
fluid state was due to the action of fire or of water, the resulting rock is classed as igneous or
aqueous. The determination of the agent that has operated to produce a given rock rests upon
certain well-known chemical facts, The crystalline particles of which an aqueous rock is composed
must consist of minerals which are soluble in water at ordinary temperatures, since otherwise they
could not have been deposited from their solutions. If, on the contrary, those particles consist of
insoluble minerals, their fluidity must have been caused by fusion. To the latter class belong the
silicates, and hence rocks composed of thesc silicates may fairly be referred to an igneous origin.
Silica is, indeed, soluble in water containing carbonic acid gas, and this fact is sufficient to account
for the deposition of crystals of quartz. But-most of the natural silicates are practically insoluble
in water,

In both these classes of rocks, we find slow gradations of texture, from those in which the
component crystalline particles are large and distinet to others in which those particles have become
too minute to be discernible, even with the aid of a lens, From this fact we may fairly infer that
what is true of tho crystalline rocks is also true of the compact rocks of the same mineral com-
position, and that therefore compact limestone, for example, has been consolidated from solution, and
the compact silicates from a state of fusion.

The crystalline rocks, whether of igneous or of aqueous origin, have been produced by chemical
action, and are therefore frequently described as chemical rocks. But the latter of the two great
classes of rocks, namely, the aqueous class, contains another large and very important kind, which
owe their origin to other agencics. In examining these rocks, we find the particles distinet, but not
crystalline; or if they exhibit an internal crystalline structure, externally they will not possess the
regular form of the crystal, having been subjected to attrition or fracture. These particlos sometimes
adhere to each other, in consequence of the great pressure brought to bear upon them by the
superincumbent mass; but more often they are cemented together by some other substance, usually
of a siliceous nature. The form of the particles, and their worn and rounded edges, show them
to have been broken off some parent rock and transported by currents of water to their present sites.
This derivative origin is obviously apparcut in some rocks which are composed of pebbles and
rounded fragments of rocks imbedded and compacted together in sand. But, as from this case of
large and distinct constituents, there is overy gradation down to that in which the particles have
become too small to be discernible with a lens, we are justified in inferring that the compact rocks
of this kind have been formed by the same agencies. The rock-forming action of currents of water
is, indeed, constantly going on under our eyes. The rain carries away to the streams the particles
loosened by the winds and frost; the streams convey them to the rivers, and the rivers roll them
down to the sea, where they are deposited. Thus all the higher portions of the surface of the globe
are being continually worn down, and the wasted material carried to a lower level. The particles
borne away by the current being held merely in mechanical suspension, as it is termed, to distinguish
it from chemical solution, are deposited as soon as the water assumes a state of quiescence. The
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heavier bodies, as gravel, fall first; then follow the finer particles of sand; and finally the light
flocoulent mud, or clay. By processes such as these, lakes are silted up and become marshes and
plains, and estuaries and narrow seas are converted into tracts of alluvial land. As the materials
composing these rocks have been mechanically procured and transported, they have been termed
mechanical rocks. Moreover, as they have been deposited from suspension, and arranged in regular
layers, beds, or strata, they are often called sedimentary and stratified rocks, which terms, however,
include the chemical rocks, being appropriately applied to the whole of the aqueous class.

There is yet another variety of rocks which have an organic origin, that is, they have been
formed from living organisms, These organic constituents consist of fragments of animals or plants,
which may be only slightly altered from their original condition, or altogether mineralized. In the
former case, they are allied to the mechanical ; in the latter, to the chemical rocks.

Upon consideration and examination, it becomes evident that many rocks, both of the igneous
and aqueous classes, have undergone considerable and, in some cases, great changes since the time of
their formation. The chemical actions and reactions that may be set up in a mass of rocks by the
percolation of various fluids and gases, and by other agencies, and the mechanical forces generated
by the pressure of superincumbent masses must have produced change, and such changes exhibit
themselves in the nodular, concretionary, crystalline, fibrous, veinous, or other arrangement of the
constituent particles, These transformed rocks have been classed by Sir C. Lyell as metamorphic
rocks, and they constitute a large and important class, the changes due to the aforementioned
agencies having been more general than is commonly acknowledged.

Thus we havo three great classes of rocks—the igneous, the aqueous, and the metamorphic—
under one or another of which every varicty may be ranged, according to the nature of the agency
by which they have been brouglt into their present state. Geologists acknowledge another class,
denominated the aerial rocks, because the chicf agent that has operated in their formation is the
wind. This class is, however, unimportant for our present purpose.

StrUCTURE, TEXTURE, AND HARDNEss,—Structure is the manner in which the individual
particles are built up or aggregated in the rock-mass. Thus the term rclates more especially
to the external aspect, the larger features of the arrangement of a rock, which can be properly
studied only in cliffs, ravines, quarries, or other openings where the strata are exposed. In the
aqueous or stratified rocks, the terms stratum or bed are applied to deposits of considerable thick-
ness; layer or band, to & thin deposit holding a subordinate placc among the other beds; and seam,
to a rock of peculiar character occurring at intervals among a series of strata. Thus seams of coal
occur among strata of clay and sandstone, and a band of ironstone exists in a bed of shale, The
structure of an individual stratum may be laminated, flaggy, fissile, or shaly. Rocks, the component
particles of which have been deposited from suspension in water, are made up of a number of thin
layers, or lamine, obviously the result of successive acts of deposition. Sometimes this lamination is
very distinct, and the number of laminz numerous, as many as fifty having been counted in one inch
of thickness. The coherence between these lamina varies greatly in different rocks. It would seem
that when the depositions occurred in rapid succession, the coherence is greater than when long
intervals elapsed between them. To this fact is no doubt due the structure termed flaggy, which
denotes a greater tendency to separate between some lamins than others, and thus to produce slabs
of rock known as flags and flagstones. Anpy rock that has a tendency to split in any direction,
whether in the line of bedding or otherwise, is described as fissile. Clay in its ordinary state is soft

B2
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and plastic; but when indurated and having a tendency to split in the direction of its bedding, it is
described as shale, and its structure as shaly. The term slaty is applied to rocks which, like roofing-
slate, split up regularly, in lines generally transverse to those of stratification; while sckistose, from
the Greek schisma, o splitting, is properly applied to fissile rocks having a crystalline texture and
irregular lamination, as mica-schist.

The structure of the igneous rocks is less varied than that of the aqueous rocks. When
appearing as columns, as in the basalts of the Giant’s Causeway, the structure is said to be columnar,
or sub-columnar if the columns are not very distinct. In rocks that break up into large square-like
blocks, as some granites and greenstones, the structure is described as tabular or cuboidal; but if the
blocks have no regular shape, it is massive or amorphous, Some greenstones present a spherical or
globular structure, termed also concretionary, from its apparent aggregation round a common centre.
The spherical concretions vary from a few inches to several feet in diameter; on exposure to the
weather, they exfoliate, like the coats of an onion.

Texture is the grain, or manner of arrangement of the component particles of a rock. Thus
while structure relates to the cxternal aspect, texture relates to the internal constitution of rocks,
and must therefore be studied in their fracture. When made up of distinct grains, like sandstone,
the texture is granular ; if the grains have a uniform crystalline aspect, as in many statuary marbles,
the texture is described as saccharoid ; oolitic, when composed of round particles, as in oolite ; porous,
when open like pumice ; vesicular or cellular, when full of small cavities, like certain kinds of lava;
Jibrous, when composed of fibres or filaments, like asbestos; and acicular, when the fibres are distinet
and needle-shaped. The texture is described as compact when close and firm; crystalline, when
composed of sparkling crystals ; sub-crystalline, when the lustre is dull ; earthy, when soft to the touch
and dull in aspect; glassy, when possessing the appearance of glass; porphyritic, when detached
crystals are disseminated through a compact base, or Jarge crystals through a fine-grained base ; and
amygdaloidal, when the pores or vesicles become filled with a crystalline nucleus or kernel of any
mineral, either by subsequent infiltration or during the process of consolidation, so that the dispersed
crystalline patches look like almonds stuck into the mass. 1t must be remarked here that some
structural arrangements affect even the most minute particles of a rock, and that therefore structure
is occasionally found to pass into what is more commonly described as texture.

Intimately connected with tho texture of a rock, and of great practical importance, is its hard-
ness. The hardness of a mineral, and consequently of a rock into the composition of which any
given minerals enter, is estimated by a conventional scale of ten degrees, assuming talc to be the
lowest and diamond the highest in the scale,

Talo 1 Felspar (Orthoclase) 6
Gypsum . 2 Quartz (Rock-crystal 7
Calo-spar .. . 3 Topaz . " 8
Fluor-spar .. . - 4 Corundum ,, - .o .- 9
Apatite, or phosphato of lime b Diamond .. - .- .- . 10

If, for example, a mineral can be scratched by rock-crystal, but which is itself capable of scratch-
ing felspar, its degree of hardncss evidently lies between 6 and 7 of the scale, and may be repre-
sented by 6°3 or 6°8, according as it seems to approach felspar on the one hand, or rock-crystal on
the other.

TrE Ca1EF Rock-PORMING MINERALS.—The minerals that enter largely into the composition of
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rocks are not numerous. The following are the chief; and the student of geology should early make
himself familiar with the distinguishing qualities of each of these rock-constituents.

Quartz.—The mineral known as quartz is silica or oxide of silicon, The usual crystalline
form of quartz is a hexagonal prism, pointed, when complete, at both ends by hexagonal pyramids.
It is colourless when pure, and its streak is white. Its lustre is vitreous, sometimes inclining to
resinous. It varies from transparent to opaque. The fracture is conchoidul; the specific gravity
from 2°5 to 2°8. In its transparent crystalline form, the mineral is known as rock-crystal, which, in
the scale of hardness, occupies the seventh place. Ono of the most important characteristics of quartz
is the total absence of cleavage. It is infusible alone before the blowpipe; but with soda it fuses
readily, with efflorescence, to a transparent glass.

Calcite or Calc-spar—Next to quartz, calcite is the most abundant mineral in nature. This
crystallized carbonate of lime, the general term for which is cale-spar or calcareous spar, occurs in a
great variety of forms and in various degrees of purity. Clear, colourless masses, cleaving readily
into rhombohedrons, are found in Iceland, whence the name of Iceland spar given to such cleaved
pieces possessing well-marked double refraction. Pure calcite occupies the third place in the scale of
bardness; its specific gravity is from 269 to 2:75. Lustre, vitreous to earthy, transparent to
opaque ; streak, white or greyish ; cross-fracture, conchoidal. Besides the numerous crystalline forms
known as cale-spar, calcite occurs saccharoidal as crystalline limestone which, when perfectly white,
is statuary marble, When occurring in small spherical graius cemented together like the roe of a
figh, it is known as oolite. Calcite effervesces strongly on the application of mineral acids. It does
not fuse before the blowpipe, but shines with an intense light.

Gypsum.—Calcic sulphate or sulphate of lime occurs hydrated in nature, and is known as
gypsum. This mineral, when caicined, forms the well-known plaster of Paris. It is found in all
formations, but it is more especially abundant in the carboniferous, permian, and miocene. It is
deposited during the evaporation of brine, and is produced by the action of sulphuric acid generated
by the oxidation of sulphur or pyrites, or evolved from voleanic fissures, When crystallized, it is
known as selenite. It also occurs laminar, fibrous, saccharoidal, and compact, mixed with carbonate
of lime, clay, and sulphur of various colours, but usually white. The finc, fibrous varicty is known
as satin-spar ; alabaster is a term applied to the saccharoidal and compact varieties, consisting of car-
bonate ofl ime and sulphate of lime, the former being distinguished as caleareous, and the latter as
gypseous alabaster. Gypsum does not effervesce with acids. It turns white before the blowpipe, and
crumbles ; but is fused only with difficulty. In hardness it occupies the second place.

Felspar.— As a rock-constituent, felspar is a very important mineral. It enters largely into the
composition of all the igneous rocks, and is variously coloured. Felspars are chiefly composed of
silica, alumina, and potash or soda, or sometimes lime. They have been divided into two series,
crystallographically, known respectively as orthoclase, straight cieavage, and plagioclase, oblique
cleavage. The former are the potash felspars, the latter the soda and lime felspars. The whole of
the felspars have been classified into ten scries, as follows :—Potash felspars: Adularia, amazonite,
perthite, lozoclase. Soda felspars: Albite, oligoclase. Lime felspars: Andesin, labradorite, bytownite,
anorthite. Orthoclase and albite may be considered as acid felspars, in contradistinction to the anor-
thite or basic felspar. All other felspars are mixtures of these three. The specific gravity of ortho-
clase is 2°56; of albite, 2°62; and of anorthite, 2:76. This mineral occupies the sixth place in the
scale of hardness. The cleavage of felspar is highly characteristic, one face of cleavage being perfectly
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smooth, and another, nearly at right angles to it, somewhat less perfect. Orthoclase may be recognized
from the other varieties by having the two cleavage planes at right angles to each other. Before
the blowpipe felspar fuses alone with great difficulty to a blistered, turbid glass; with borax it
dissolves slowly, forming a transparent glass.

Hornblende.—~This mineral varies in colour from black to white, through numerous shades of
green ; but in its commonest forms it is cither black or of a dark green hue. It is usually opaque
and translucent. Hornblende is an important constituent of the igneous rocks; it generally occurs
confusedly crystalline, forming with quartz “ hornblende rocks " ; with quartz and felspar, ¢ syenite”;
and with felspar alone, the numerous varieties of “greenstones.” In hardness it varies between
5 and 6 on the scale of Mohs; it is therefore softer than felspar. Its specific gravity is, however,
greater than that of either felspar or quarts, it being between 2°9 and 3°4, When breathed upon,
hornblende emits a peculiar bitter odour.

Augite—The mineral known as augite or pyroxene is, in composition, closely allied to horn-
blende. The crystals belong to the monoclinic system, the inclination of the inclined axis being 74°,
and the angle of the type prism 87° 6/, parallel to which it cleaves. In colour it varies from white,
through various shades of green, to brown aund black. The lustre is vitreous, inclining to resinous
and in some cases pearly. The lustre, colour, transparency, and hardness vary with the relative
proportion of the mectals calcium, magnesium, iron, and manganese which the varieties contain.
The hardness lies between 5 and 6, and the specific gravity between 3+23 to 3+50. Thus the hard-
ness is about equal to that of hornblende, but the specific gravity is greater. Chemically the augites
may be classificd into non-aluminous and aluminous augites, The former consist of meta-silicates of
calcium, magnesium, iron, and manganesc; and the latter, of those silicates, with an aluminous
silicate, In the augites of both classes the magnesium is sometimes almost wholly replaced by
calcium and iron, The common augites are chiefly black, or greenish and brownish black, and very
lustrous, whence their name, from auge, lustre. Like hornblende, augites assume a fibrous structure,
This mineral enters largely into the composition of the igneous rocks.

Mica.—The term mica (from mico, to glisten) is applied to several minerals having a different
chemical composition, but possessing the quality of being easily cleavable into thin laminm. This
laminar structure is hence termed micaceous, Mica is mainly composed of silica, potash, and mag-
nesia. Chemically the micas may be divided into non-magnesian and magnesian micas. The former
are called potash micas, because they contain a larger proportion of potash than those of the latter
class. Common mica, or muscovite, is remarkable for the size of the folia which may be obtained.
In thin plates it is always transparent; but when the plates are thick it is opaque. The colours are
white, grey, pale green, dark olive green, Lrown, and violet yellow. The hardness of mica lies
between 2 and 3, and its specific gravity between 28 and 3+1. Mica constitutes the chief ingredient
in the slaty rocks called “mica-schist” ; it occurs as scaly crystals in granite, and, in minute scales,
in many sandstones, giving them a silvery appearance. The mica of the aqueous rocks is derived
from the disintegration of granite. Sandstones containing this mineral have a foliated structure, and
are described as ‘ micaceous.”

Tee DETERMINATION OF Rocks.—Having described the several classes and kinds of rocks, it
now becomes necessary to point out the means by which they may be recognized. For the purpose
of examining and determining in the field any specimen of rock that may come under our notice, it
is requisite and sufficient to be provided with an ordinary chipping-hammer, a pocket-lens, a knife,
and a small bottle of dilute hydrochloric or other mineral acid.
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The first step in the examination is to form, by chipping, two fresh surfaces as nearly as possible
at right angles to each other for the purpose of ascertaining the texture. The subsequent steps will
be determined by the results of this preliminary measure,

If the rock be a compact one, that is, if no crystals or grains are visible with the lens, it must be
scratched with the point of the knife; when, if it scratch easily, it may be inferred that it is either
an aqueous rock or a very much decomposed igneous one. A little dilute acid may next be applied
to a-small portion of the specimen ; and if it effervesce freely, it may be pronounced limnestone ; if the
effervescence proceed slowly, the rock may be a magnesian limestone ; but if no effervescence is pro-
duced, it may be either gypsum or a decomposed rock. If considerable force is required to scratch the
rock, it is probably a compact igneous rock; but if it does not scratch at all, but is merely marked
by the steel, it is probably a purely silicoous rock, as flint, chert, or some other kind of quartz, and
therefore of aqueous origin.

If the texture of the specimen to be examined be granular, it will be necessary first to determine
whether the grains be innate crystalline particles, or water-worn like grains of sand. If distinctly
rounded and water-worn, even if only one such grain be visible, the rock must be classed as
aqucous. But cases will be sometimes met with in which the grains consist of broken crystals bear-
ing hardly a trace of attrition, when the rock may be mistaken for one of igneous origin, If, how-
ever, these crystals consist of quartz, they are probably aqueous; and a careful search will usually
disclose some grain or fragment, the present form of which is evidently due to mechanical attrition.
In some igneous rocks there cxist small globules of crystalline quartz having the appearance of
pebbles ; the observer should be on his guard against being led astray by such deceptive appoarances,
When the rock is made up of layers differing from cach other slightly in form and texture, it may
be inferred that the rock is sedimentary, and thercfore aqueous ; but such cvidence, though strong, is
not absolutely conclusive.

If the texture of the rock be distinctly crystalline, that is, if it be composed of innate crystalline
particles, the question to be determined will be whether these particles consist of carbonates or
sulphates, or of silicates; and the determination of this question will decide that of the origin of the
rock ; for, if they consist of silicates, the rock has been formed by igneous agencies ; and if of carbo-
nates or sulphates, it may with equal certainty be referred to an aqueous origin. To ascertain the
nature of the crystals, the specimen should be scratched with the point of the knife; if it scratch
easily, they will almost certainly be either carbonates or sulphates. Acid should next be applied to
the scratched part: and if immediate and violent effcrvescence ensue, the rock is some kind of lime-
stone. If of magnesian limestone, the effervescence will take place slowly, in which case also the
rock will present a pearly appearance, and have a gritty feel. But if no eflervescence be produced
by the acid, it will probably be gypsum. If the rcsults of the examination prove the crystalline
particles to be neither carbonates nor sulphates, they must be silicates ; and it only remains to deter-
mine the kind of igneous rock by ascertaining the nature of the minerals present, and the proportions
in which they enter into its composition. This may usually be done either with the naked eye, or
with the aid of a lens, by recognizing the minerals from their characteristic appearance, or by deter-
mining the angles formed by their facets, and thence the form of their crystals.

When the structure is platy, that is, when the rock has a tendency to split into thin plates, it
may be either an aqueous rock, formed by successive depositions in thin layers, or a metamorphic
rock. If of the former class, it will be soft or easily broken; and the lines of division will coincide
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with the layers of different colour or texture, or with the grain of the rock. If of the latter class, it
will probably be hard, and the plates, after separation, will be more or less firm and strong. If the
rock be a slate or cleaved rock, the faces of the plates will have a dull and earthy appearance. But
if it be a schistose, metamorphic rock, the texture will be crystalline or sub-crystalline, and the faces
of the plates will possess a metallic lustre.

In fine-grained and compact rocks it will happen that the texture and composition cannot be
discovered with a lens, and the rough methods described above will, in such a case, be of no avail.
For the examination of these rocks, recourse must be had to the microscope. To prepare a rock
specimen for microscopical examination, a thin slice is taken and ground smooth on one side, when
this smooth surface is securely fastened with Canada balsam to a piece of plate glass, and the other
side ground down until the requisite thinness and transparency are obtained. Thus prepared it 'may
be covered with a plate of very thin glass mounted with balsam on the slide, care being taken to
exclude all air-bells, and to remove all traces of the emery powder or other substances used in the
grinding process, With a rock-section prepared in this way, we may, with the aid of the
microscope, ascertain with precision the manner in which the different minerals are built into each
other, and throw a flood of light upon the origin of a rock and the subsequent changes it has
undergone. Points of structure which could not be discovered in any other way are, by this means,
clearly revealed. This method of examination has been recently adopted to distinguish between
augite and hornblende, two minerals that are very similar in appearance when occurring as minute
crystals,

The foregoing methods of examination will not always cnable us to determine what minerals
enter into the composition of a given rock, nor inform us expressly of what elements the minerals
themselves are composed. In such cases, recourse must be had to chemical analysis. Such an
analysis every mining engineer ought to be capable of making; for not only does it open up to him
fields of research of the highest interest, but it is of daily practical use to him, by enabling him to
determine tho relative age of rocks from their mineral composition, and their ability to withstand
the disintegrating influence of atmospheric agencies, and hence their suitability to building
purposes. The student who wishes to pursue this subject will find it carefully and fully treated in
Bischoff's ¢ Chemical Geology.” The methods of field examination we have been describing may be
studied in Jukes and Geikie’s ¢ Manual of Geology, to which excellent work we have to acknowledge
our indebtedness for some of the facts and classifications given in the present chapter. The student
is also recommended to examine and make himself familiar with the principal rock-constituents
already described, 8o as to be able to recognize them in any kind of rock that may come under his
notice.

In the determination of rocks, their colour, streak, fracture, and specific gravity afford assistance,
and sometimes conclusive evidence, towards arriving at a correct decision, By colour of a mineral,
is meant the hue which it possesses when first taken out of the earth; for exposure to the atmosphere
may either. obscure or totally change its natural colour. A more reliable test than the natural colour
of a mineral is the colour of its “streak,” produced either by scratching it, or by drawing it across a
piece of white unglazed porcelain. Fracture furnishes an important test. There are three kinds of
fracture, known as the conchoidal, or shelly, in which the fractured surface presents curved concavities
resembling more or less closely those on the inside of a bivalve shell, as in flint and glass; the even,
in which the fractured surface presents no wminute elevations and depressions; and the Aackly, in
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which the elevations are sharp or jagged, as in broken iron. The specific gravity of a mineral is of
very great importance as a test, and, in some cases, it is almost the only one to which recourse can
be had without injuring the specimen. The determination of the specific gravity is effected by first
weighing a fragment in the usual manner in a delicate balance, reckoning the weight in grains.
The fragment is then suspended, by a fine thread from one of the scales, in a tumbler of water, and
its weight taken again. Care must be taken to sink the specimen below the surface of the water,
and to prevent it from touching the sides of the glass. The second weight is then subtracted from
the first, and the latter divided by the difference ; the result is the specific gravity.

Tar IeNeous Rocks.—The igneous rocks are, as we have previously pointed out, made up of
minerals that are silicates. These minerals may be divided into two great classes, namely, silicates
of magnesia, and silicates of alumina. Tho former constitute the hornblendic or augitic minerals,
the latter the felspathic. The several varieties are due to an admixturo of silicates of potash, soda,
lime, iron, manganese, and other substances. Tlcre are, indeed, the micaceous minerals, to which
may be assigned an intermediate place; but they must be considered as of minor importance. The
felspars are the bases of the igneous rocks, and those kinds in which this mineral greatly
predominates are described as felspathic rocks; while those in which hornblende and augite enter as
important constituents are called hornblendic or pyroxenic rocks.

The igneous rocks have been classed, according to their age, as granitic, trappean, and voleanic.
It is true that the relative age of the igneous rocks is not clearly defined like that of the aqueous
rocks, since we have neither an unvarying order of superposition nor the presence of organic remains
whereby it may be determined. Granite is somctimes found above the trap, and trap may exist
among the older rocks; but generally, granite is the deepest seated, and is asvociated with the older
strata, while trap occurs in those of the secondary cpoch, and the volcanic varietics among those of
a more recent period.

Granite—Granite is the most easily recognized of all rocks. It is a compound of felspar,
quartz, and mica; but the proportions of these minerals vary indefinitely. The folspar, however,
never forms less than a third part, and rarely less than half the mass; gencrally it exists in a larger
proportion. In some cases the quartz, and in others the mica, becomes so minute as to be hardly
discernible. The texture of granite is highly crystalline; none of the crystals are water worn, and
no trace is exhibited of deposition or stratification. The texture varies, however, in degree from the
compdct and fine-grained to the large and coarscly crystalline. The colours of granite are white,
grey,and red; white when the felspar is purc white, and red when the felspar is flesh-coloured. The
intermediate grey tints depend chiefly on the abundance and colour of the mica. The felspar of
granite is usually orthoclase, and is then either flesh-coloured or white ; but oligoclase often occurs
of a greenish or greyish white colour. Oligoclase is distinguishable from orthoclase by its fine
parallel striations, The mica varies greatly both in colour and in lustre. When silvery-white or
golden-yellow, it is usually potash-mica ; the brown and black varicties being magnesia-mica. The
quartz is either colourless or white; cases may, however, occur in which the quartz has a dark-grey
or brownish hue.

In granite the quartz is always visible ; indeed, the existence of crystalline particles of quartz
among crystalline particles of the other minerals constitutes its most essential character, the quartz
being invisible in most of the trap rocks. A remarkable fact is, that though the felspathic and
micaceous constituents frequently form perfect crystals in granite, quartz rarely does so; from which

fact it may be inferred that the former were solidified before the latter.
IV
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Though the granite rocks differ considerably in colour, texture, and mineral composition, they
possess several features in common which distinguish them from the later igneous rocks. They are
more crystalline than any of the other varieties; they are never vesicular, cellular, or porous, like
the traps and volcanic rocks; they cxhibit Jess structure than the traps, being generally massive or
cuboidal, and never columnar, a structure very common in the basalts and greenstones; and they are
never amygdaloidal like traps, conglomerated or brecciated like trap-tuffs, nor scoriaceous like
volcanic tufa. They seem to have been formed at greater depths or under greater pressure than
either traps or lavas.

There are several varieties of granite which have been named according to the presence of
accidental minerals, When hornblende takes the place of the mica the rock is known by the name
of syenite, and when both mica and hornblende are present, the compound is called syenitic granite.
Sometimes, as in the Alpine granite, tale is present. The rock, which then consists of orthoclase,
oligoclase, quartz, mica, and tale, is in this caso called protogine. Graphic granite is a variety
distinguished by a peculiar mode in which the quartz is crystallized in the felspar, so as to produce
on a cross-fracture of the quartz crystals ihe appearance of Arabic writing. Hypersthenic granite
is a term applied to an admixture of quartz and hypersthene with scattered flakes of mica.
Pegmatite is a coarse granite full of druses, and consisting essentially of orthoclase, which often
occurs in very large crystals, quartz, and large plates of silvery-white mica. This variety occurs in
veins or layers in other granitic rocks, When, in addition to the crystals composing the general
mass of the rock, therc are indiscriminately mingled through it larger and independent crystals of
felspar, so as to produce a porphyritic texture, the rock is called porphyritic granite. Other varieties
exist, but they are of little importance.

Trap Rocks—The term trap or trappean is derived from the Swedish word trappa, stairs or
steps, and was originally applied to those igncous rocks which give to many hills of the secondary
epoch a terraced or step-like appearance.  The term is now applied to all those igneous rocks which
are neither strictly granitic on the one hand, nor distinctly volcanic on the other, and which, in point
of age, are intermediate between the granitic and the volcanic rocks, The trappean rocks may be
conveniently divided into two classes or families according to the mincrals that enter into
their composition, namely, the fulspathic traps, which compose the more siliceous variety,
and the hornblendic traps, under which head are ranged thosc of a more basic character, The
felspathic family also includes two groups distinguished by similar qualities, and hence known as the
acidic and the basic groups. The former consists of those rocks which contain orthoclase, with an
excess of free silica. The rocks of this group are called felstones. The basic group contains those
rocks which consist essentially of one or morc of the basic felspars. The rocks of this group are
called porphyrites.

“Felstone " is a designation that has recently been substituted for a variety of terms that had
been applied to the same class of rock, such as compact felspar, felsite, curite, petrosilex, and cornean,
which terms are still in use among continental geologists. The rock thus designated is composed of
an intimate mixture of orthoclase and quartz, and is compact, smooth, hard, and flinty in appearance,
There are two varieties of felstone, distinguished by their colour; the pale green passing into a
greenish white, and the blue or grey varying from pale to dark grey. Both of these varieties
weather white. The weathered part, however, frequently exhibits ferruginous stains, sometimes
becoming wholly brown, especially in the green variety. Some blocks that appear wholly white
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have a small blue patch in the centre. The green variety is often very translucent at the edges;
but the grey is commonly opaque. The fracture of felstone is generally smooth and straight; in
some cases it is slightly conchoidal, and in some of the blue or grey varieties it may often be rough
and splintery. The rock frequently splits into small slabs, and in the green variety into laminw,

In the most compact varieties, small shining facets of erystals of felspar may be detected with a
lens ; these crystals become gradually larger and more numerous, until the rock becomes completely
granular and crystalline. Small crystals of quartz are also occasionally present. Mr. Jukes remarks
that in some felstones there are small globules of glassy quartz, in appearance like rolled pebbles,
leaving round cavities in the rock when they are detached. These he believes to be erystalline blebs
of quartz, formed during the consolidation of the rock.

Felstone in its commonest form is perfectly compact ; when distinet and independent crystals of
felspar are disseminated throughout a base of compact felstone, the rock is designated as porphyritic
felstone, or felstone porphyry. If it happen, as it not unfrequently docs, that the scattered crystals
of felspar are of a different colour from the base, the rock is called porphyry, and is used as un orna-
mental marble. Usually the base is of a reddish colour, and the scattered crystals whitish or flesh-
colour.

“ Pitchstone ” is a compact glassy rock, closely allied to the foregoing, and having a pitchy lustre
and fracture, whence its name. It varies, however, in colour, from velvet black, through shades of
impure green and yellow, to white. Its texture is sometimes porphyritic. This rock is also called
Retinite.

“Minette” is a micaceous felstone, consisting of a felsitic base in which crystals of orthoclase
and dark mica are disseminated.

* Clinkstone,” or phonolite, 18 somctimes classed among the trappean rocks. But the clinkstones
so described are probably only platy varieties of fclstone, the slate-like fragments of which often emit
a ringing metallic sound when struck with the hammer. ‘

“ Porphyrite ” consists of a base of oligoclase, with crystals of the same mineral disseminated
throughout the base, and a variable admixture of hornblende, mica, augite, and quartz; the two latter,
however, but rarely. The texture of porphyrite is usually very close-grained, and, as its name
implies, more or less porphyritic. Frequently the texture is amygdaloidal. In colour, porphyrite
varies from white or pale grey, through various shades of red, lilac, and purple, to dark brown. The
dark tints are the most frequent.

“Kersanton” is a form of mica-porphyrite; this variety contains hexagonal plates of mica dissemi-
nated through a greenish or grey base. Kersantite is another variety, containing a little hornblende.

The Hornblendic traps, frequently designated by their old name of “ Greenstones,” constitute
a numerous and very important class of trap rocks. They consist essentially of a crystalline
mixture of some plaglioclase felspar with hornblende or augite. The felspar is usually oligoclase,
but some more basic variety sometimes occurs. In some rocks of this class, augite or hypersthene is
substituted for the hornblende. Compact and dark-coloured greenstone is very similar in external
appearance to basalt. But if the weathered part be broken open and tested with acid, greenstone
will almost invariably effervesce along the inner edge of the weathered portion. Like felstone,
greenstone may become porphyritic in texture in consequence of one or other of its constituents
forming distinct crystals in a compact base, or large crystals disseminated through a fine-grained

crystalline base.
o2
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“Diorite” is composed of felspar, usually oligoclase, and hornblende, In texture it varies from
the compact to a coarsely crystalline aggregate. In colour it is generally of a dull green, varying
from light to dark. There exist varieties, however, in which the felspar is very white and in great
quantity, and in such cases the rock is white, speckled with dark green spots. It weathers to a dull
dark brown,

“ Diallage-rock ” is composed of labradorite and diallage. Generally it is of a palish green or
grey colour, but sometimos of an olive or greenish brown colour. Its texture varies from fine to
coarse-grained, and in some instances it has a granitic, and in others a porphyritic appearance. In

Britain it occurs associated with metamorphic rocks.
“ Hypersthene-rock” is a mixture of labradorite and hypersthene. The labradorite is green with

glancing shades of blue and red, and the hypersthene is dark Lrown, inclining to black. In texture
it varies from the fine-grained to the cxcessively coarse-grained. Mr. Jukes mentions the fact of
having seen a specimen of this rock in which the two minerals formed crystals as large as the fist.
The fine-grained varicty resembles diabase or aphanite.

“ Melaphyre” is a term applied to several varieties of dark, compact, heavy rocks of igneous origin.
The following description of melaphyre is given by Senft. “ An indistinctly mixed rock, of a dirty
greenish-brown or reddish-grey, or greenish black-brown, passing to a completely black colour, hard
and tough in the fresh state, in which appear crystals of reddish-grey labradorite, with magnetic
titaniferous iron, and commonly with some carbonate of lime, carbonate of iron, and ferruginous
chlorite, sometimes in crystalline grains, sometimes compact or earthy, sometimes porphyritic or
amygdaloidal.”

“ Diabase” is a name given by German petrographers to a crystalline-granular mixture of labra-
dorite and augite with chlorite, and sometimes with an impregnation of carbonate of lime. This
rock occurs in the Silurian, Devonian, and Carboniferous systems of Germany.

“ Aphanite” is a name applied to the compact, close grained varieties of greenstone. By some
writers it is restricted to the dioretic rocks, by others it is extended also to the compact diabases,

“ Wacke” is a name given by German petrograjhers to decomposed forms of basic igneous rocks.

The foregoing descriptions relate to the crystalline traps, which constitute by wuch the larger
portion of existing trap-rocks. But there is another kind that owe their origin to mechanical
agencies. The detritus in the form of dust and gravel, with large blocks or bombs ejected from
volcanoes in past ages, falling into water, was rearranged, and became consolidated into rock. Also
large masses of igneous rocks exposed to the action of atmospheric and aqueous agencies became
disintegrated, and the detritus, fincly comminuted, was deposited in beds to form new rocks, The
trappean rocks that owe their origin to such ugencies are analogous in character to the conglomerate
of the aqueous rocks, and they are distinguished from the crystalline rocks from which they are
derived by the name of Fragmental Rocks.

The fragmental trappean rocks are divided into two groups—Tuff, or trap-tuff, and Trappean
Breccia or conglomerate. Under the term “ tuff” are included all the fine-grained varieties. These
varieties are named according to the nature of the rock from which they have been derived. Thus
we have Felstone-tuff, Porphyrite-tuff, and Greenstone-tuff, each of which is distinguished by the
qualities characteristic of the parent rock, This remark applies also to the Breccias, which consist of
angular fragments embedded in a paste of the same materials. When the fragments are rounded,
the rock is called trap-conglomerate.
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The Voleanic Rocks.—The volcanic, like the trap rocks, may be divided into two fumilies, the
acidic and the basic; the former being distinguished as trachytic, and the latter as doleritic. The
trachytes, so named because they have a rough prickly feel when handled, are composed principally
of a felspar rich in silica, as orthoclase, and are usually light-coloured. The following are the chief
varieties.

“Trachyte” proper is generally of a palo grey colour ; but the tint may vary to a dark grey, and,
in consequence of the presence of iron, to a reddish shade. The texture is cither compact or fine-
grained, and some varicties become highly porphyritic.

“ Pearlstone ™ consists of a mass of rock, or basc, in which are contained a number of globules,
varying in size from that of a coarse grain of sand to that of a hazel-nut, easily detachable from the
mass, and having a vitreous aspect and a pearly lustre, whence its name. The rock is of various
tints of grey, yellow, brown, and red.

“ Phonolite,” ‘or “clinkstone,” is a compact, greyish rock, weathering white externally. It
possesses the quality of splitting into thin plates or slabs, in such a degree that it has frequently
been used for roofing-slates. These slabs, when struck with a hammer, emit a clear metullic ring,
whence the name of the rock. Sometimes the structure is perfectly columnar, in which case the
columns split across into slabs.

“ Andesite,” so named from its occurrence in the Andes, is a trachytic rock of various degrees
of compactness, and a coarse conchoidal fracture.

“(Qbsidian,” or volcanic glass, is closely allicd to pearlstone, the difference being duc merely to
a more rapid cooling from the molten state. Its composition is very variable, depending upon
that of the rock from which it has been melted down. In colour, obsidian is generally black, and
opaque in mass, but appcars grey and trauslucent at the edges. It is remarkable for its perfectly
conchoidal fracture and its sharp cutting edges. '

“Pumice” is a vesicular or porous rock, produced by the solidification of the scum or froth of
a molten mass, and closely allied in composition to obsidian. In colour, it is of a pale ycllowish-grey,
passing into grey, brown, and black. It is very brittle, and its fracture is uncven and conchoidal.
Owing to its porous character, pumice floats in water ; but its true specific gravity when pounded
is 2+3. '

The doleritic or basic volcanic rocks are of a dark green or black colour, and are composed of
a triclinic felspar and augite, with magnetic or titaniferous iron and olivine. They contain a larger
proportion of the heavier bases than the trachytes. There are three principal varieties of these
rocks, known as dolerite, anamesite, and basalt : varicties that are due rather to differences of texture
than of composition.

“ Dolerite ” is composed of labradorite and augite, with some titaniferous or magnetic iron, and
often a little carbonate of iron and carbonate of lime. The labradorite forms white or light grey
tabular crystals, and the augite black columnar ones. Both can be distinguished by the naked eye.
The magnetic iron exists as small octahedral, scarcely visible grains, which may be removed by
the magnet when the rock is pounded. Olivine occurs as minute granules of a yellowish or
greenish tint, and constitutes the most characteristic accessory mineral in dolerite.

“ Anamesite” is simply a fine-grained dolerite, in which the component minerals are go intimately
blended that they cannot readily be distinguished. It occupies an intermediate place between
dolerite and basalt. In colour it is dark green, or greenish or brownish black.
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“ Basalt " is by many writers included among the trap rocks; but in composition and texture
it is more allied to the volcanic class. It is & compact and hard rock, frequently columnar in
structure, and of a dark or altogether black colour. It is composed of labradorite, augite, and
titaniferous iron, usually with an admixture of small spherical crystals of olivine and of carbonate of
iron and lime. Besides the ordinary compact texture, basalt may assume porphyritic, amygdaloidal,
slaggy, and earthy textures.

In the South Staffordshire coal-field, dykes of doleritic rocks are intruded among the coal seams,
and in these cases the rock is white and of an earthy texture. Such dykes are locally known as
“ white rock;” in external appearance they closely resemble sandstones.

The voleanie rocks have also their fragmentary accompaniments. These are formed in precisely
the same manner as the fragmentary trap rocks. The chief varieties are : Scoria, rough cinder-like
fragments of lava; Bombs, which are more or less spherical forms, frequently hollow, that owe
their shape to having been thrown into the air while in a liquid state; Voleanic Agglomerate, an
unstratified mass of volcanic stones; Volcanic Breccia, a stratified mass of angular volecanic stones;
Volcanic Conglomerate, a stratified mass of rounded voleanic stones; and Volcanic Tuff, named after
the variety of rock of which it is composed, as trachyte-tuff, doleritic-tuff, and basalt-tuff.

The following is a tabular view of the igneous rocks :

Granimic Rocoks,

Granite, Syenite, Pegmatite, Protogine, Graphic Granite,

TrarrraN Rocks.
Hornblendic.
Diorite, Diallage-rock, Hyphersthene-rock,
Melaphyre, Diabase, Aphanite, Wacke,
Greenstone-tuft, with Breccia and Conglo-
merate.

Felspathic.

Felstone, Pitchstone, Clinkstone, Minette,
Korsanton, Kersantite, Porphyrite.

Felstone-tuff and Porphyrite-tuff, with Drec-
cias and Conglomorates,

Vorcanie Rocks.

Felspatlic. { Augitic,
Trachyte, Pearlstone, Andesite, Phonolite or f Dolerite, Anamesite, Basalt.
Clinkstone, Obsidisn, Pumice, " Doleritic-tuffs and Breccias,

Trachyte-tuffs and Breccias. ;

We have already pointed out that the igneous rocks may be classed into two divisions—the
acid or siliceous rocks, and the basic rocks. The former contain a larger proportion of silica than
the latter, the difference in the proportions being generally 7 to 5. This difference is often of great
importance in determining the variety of a rock by chemical analysis, and is therefore worthy of
careful note. Durocher, in his ‘ Essay on Comparative Petrology,’ gives a table, which shows at
a glance the limits and means of the proportions of the several substances that enter into the
composition of the rocks previously described. This table, which will be found to be of practical use,
is given in Haughton’s ¢ Manual of Geology.’

Mode of Occurrence of the Igneous Rocks—The igneous rocks differ widely in their mode of
occurrence from the aqueous rocks, and this difference is often made the distinguishing feature of the
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class, by describing the latter as stratified and the former as unstratified. These two great classes
of rocks must, with respect to their mode of occurrence, be viewed as radically different, since the
aqueous rocks have been deposited from above, while the igneous rocks have been erupted from below.
The eruptive character of the latter must be constantly borne in mind when considering their relative
position and form, both with respect to the other rocks and with respect to each other. Having
been upheaved at various periods by internal forces, they may occur in any situation and form
possible under such conditions, and in no others. Thus, having determined that o given mass of
rock is of igneous origin, we are enabled to predicate concerning it, in some respects with certainty,
and in others with a high degree of probability.

The several modes in which igneous rock may occur have been deseribed as—cruptive, dis-
ruptive, intrusive, interbedded, and overlying, according to the effect produced on the aqucous strata,
and the consequent positions assumed. These differences in the mode of oceurrence are shown on
Plate I. When an uphcaval of molten rocktakes place beneath a mass of stratified rocks, it is
evident that the former may penetrate the latter in either of two ways. It may force its way directly
upwards through the strata by disrupting them, or it may forco its way upward through some strat,
and then intrude itsclf along the lines of division between other strata, In cither case, on reaching
the surface, it may spread itsclf out and form a bed that may subsequently be covered up by new
deposits,. The nature of the outlet through which the rock escapes, the position of these outlets,
and the volume of rock ejected, may be such as to occasion the formation of huge amorphous masses,
the boundaries of which at the surface will be more or less indeterminate.  Such cruptive masses are
shown at A, in Fig. 1. When an upheaval of igncous rock produces a disruption of the overlying
strata, the line of disruption may extend to a great distance, and it in clear that this line will be
that of least resistance. Frequently we may determine what the lines of least resistance were,
They may have been lines of fault or fracture, lines of valley, or of some particular formation.
The fissure being filled with the molten mass, a dyke is formed, extending vertically from the
fundamental rocks to the surface, and horizontally to a greater or less distanco along the line of
least resistance, Such a dyke is shown at B, in Fig. 1. These dykes are very numerous, and in
some coal-fields constitute a serious obstacle to mining operations. They vary in thickness from
6 inches to 70 feet or more. They ascend vertically through the rocks they traverse, or at a
very high angle, like walls, a remarkable feature in them being the singular evenncss of their sides.
Usually the sides are as parallel as those of a wall of masonry, and much smoother on the face. In
most cases, the ends of the strata next the dyke aro upturned, and sometimes otherwise distorted ;
but instances occur in which they have not been thrown out of position, and if the dyke is intruded
along the bottom of a trough, the strata may dip to the dyke on both sides, as shown in the figure.
In almost every case, those portions of the strata which are in contact with the dyke will be altered,
and the alterations will be such as would be produced by heat. Sandstoncs are hardened ; sometimes
in such a degree as to convert the rock into a quartzite. Shale is likewise hardencd, and converted
into a kind of porcellanite, or flinty slate. Coal is greatly altered, being converted into soot close
to the dyke; charred cinder, or “clinker,” a little farther away; and “blind coal,” or a form of
anthracite, at a still greater distance.

When, as was very frequently the case, the line of least resistance was along the divisional
planes of stratification, the igneous rock was intruded along these planes, where they form a sheet
or bed, varying in thickness from less than a foot to several hundred feet. Such beds lie regularly
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and conformably between the strata, as if they formed an original part of the series. Frequently,
however, they do not lie wholly along the same line of bedding, but cut across a stratum at intervals,
and continue along the next divisional plane. The same changes in those portions of the strata that
are in contact with the intruded rock occur here as in the case of a dyke. Intrusive sheets are
shown at C, in Fig. 1. In order to ascertain with certainty whether an intercalated sheet of igneous
rock be intrusive, it is necessary to examine the aqueous rock above, which, if the former has been
intruded bencath it, will exhibit unmistakable marks of the action of heat. If no such marks exist,
the igneous mass must be regarded as intcrbedded. As coal-seams offer less resistance than the
more compact and refractory rocks, where the former exist it will be found that the intrusive rock
has been intruded along them. In such cascs, besides the change produced in the coal, the intrusive
rock itself is altered in & manner that has been already described.

Frequently on reaching the surface, after disrupting the overlying strata, the igneous mass has
spread out as a shect or bed. Subsequent depositions having taken place, the igneous rock, which
may extend over a large surface, appears as interbedded, as shown at D, in Fig. 2. The distinctive
indications of an interbedded sheet are, the unaltered character of the overlying beds, and the
absence of any derangement of the latter; the slaggy character of the upper and lower surfaces of
the sheets, and the association of beds of trap-tuff. In some cases, these beds of igneous rock still
lic upon the surface, having either been cjected in receut times, or exposed by the removal of
subsequently-deposited strata by denudation. Such beds, an instance of which is shown at K, in
Fig. 2, arc distinguished as “ overlying.”

Besides the foregoing forms of occurrence, igneous rock may appear as veins traversing strata
in any directioh, and even igneous rocks of an carlier date. These veins are usually connected with
a larger mass situate at no great distance,

The division of the igneous rocks into granitic, trappean, and volcanic series is, as we have
already pointed out, more in accordance with their relative positions among the sedimentary strata
than with any differences of a lithological character. Thus the granite was consolidated at a great
depth beneath the surfuce, and cooled slowly under great pressure. Hence granite is the most
solidly crystalline of all the igueous rocks, and is associated with the older strata, The volcanic
rocks, on the contrary, have consolidated at the surface, a circumstance that has associated them with
rocks of recent formation, and rendered their texture more or less open and scoriaceous. Between
these arc the trappean rocks, which have cimsolidated beneath the surface, but at a less depth than
the granite. Flence theso are more frequently associated with the secondary strata, and have a
texture intermediate hetween the granitic and the voleanie. From these facts it may be inferred that
granite will occur only as eruptive masses, trap as eruptive masses, dykes, intrusive sheets and
veins, and overlying beds that have been exposed by denudation ; and rocks of the volcanic series as
dykes and overlying beds. And this inference is generally true.

Granite dykes and veins are sometimes found traversing masses of older granite, in which cases
the more recont differs in texture from the older rock. Eruptive masses of trap usually consist of
diorite, felstone, or quartziferous porphyry, and are associated with the Lower Silurian, Old Red Sand-
stone, and Carboniferous formations. They are generally compact in texture, but sometimes, as in
Wales, amygdaloidal. Occasionally they are columnar in structure. Trap dykes traverse all forma-
tions. They usually consist of dolerite, melaphyre, or diabase, but sometimes of diorites, and, still
more rarely, of some member of the felspathic family. The texture of dykes becomes more coarsely



PRACTICAL GEOLOGY. 17

crystalline towards the interior. In some cases they are minutely amygdaloidal, the kernels being
arranged in lines parallel with the sides of the dyke. These lines of kernels are most marked along
the centre of the dyke, and they decreasec in number and in the size of the kernels as they approach
the outside. In dykes of dolerite, the compactness towards the outside is such, that to a depth vary-
ing from that of a mere filn to an inch, it passes into a black glassy substance called tachylite, rescm-
bling pitchstone in appearance, but distinguished from it by being quite basic in character, pitchstone
being highly siliceous. This glassy film is probably due to the rapid cooling of the mass where it
came in contact with the surrounding rocks. Generally dykes are traversed by two sets of joints,
one crossing the dyke from side to side, the other running parallel with the length. This is
especially the case with dolerite, in which the longitudinal series are more strongly marked. A
common feature in dykes of dolerite or basalt is the columnar structure. The columns are always at
right angles with the cooling surface, and thercfore in dykes they will strike inwards from the sides
towards the centre. Sometimes the columns do not reach the centre, and when they do, they do not
always meet symmetrically. All the varicties of the crystalline trap rocks occur as intrusive sheets.
Usually they have an amorphous internal structure, that is, they are divided moro or less irregularly
by joints. Sometimes, however, they are columnar, and in a few instances of compact felstones, of a
rudely fissile character. In texture they are frequently porphyritic, especially those of the felspathic
family, and occasionally they are amygdaloidal. As in dykes, the central portion is more coarsely
crystalline than the outside. When in contact with highly ferruginous or calcarcous rocks, the sheet
is frequently veined with hematite, cale-spar, or serpentine, from the infiltration of the iron or lime.
And when, as we have previously mentioned, it has been intruded among coal scams, it is converted
into a soft white clay to a depth of several inches. Hence, if it be intruded along the parting of a
coal seam with a thickness of only a foot or so, it will be changed throughout. Interbedded and
overlying igneous rocks, having consolidated at the surface, differ in texture from intruded masses.
The latter increase in compactness from the centre outwards, while the former increase in compact-
ness from the outside towards the centre. The upper and lower surfaces of interbedded sheets are
slaggy, the interior being more or less amygdaloidal and crystalline. The vesicles in which the
kernels are contained are elongated in the direction of the flow; and this is especially noticeuble along
the top of the bed where the velocity was greatest. All interbedded sheets possess a jointed structure.
The joints are, in some cases, very irregular; but generally they are well marked in two or more sets
crossing one another, and extending perpendicularly to the upper and lower surfaces of the sheet.
When developed with great regularity, they give a prismatic structure to the rock, which may become
perfectly columnar, as in the dolerite of the Isle of Staffa.

When thick masses of igneous rocks are interbedded in any formation, and inclined with the
other members of that formation, its line of outcrop will constitute 'a range of rounded or conical
hills, often with lines of sharp escarpment, and when a great series of such rocks lie flat, or nearly so,
they produce plateaux, the edges of which are lines of precipice or terraced slopes.

The mode of occurrence of the fragmental igneous rocks has already been described.

The foregoing description of the igneous rocks are sufficient to enable the student to identify
the principal varieties. Though as a coal-mining engineer he will have much less to do with this
class of rocks than with the aqueous, yet it is not only desirable but essential to his success, that he
make himself familiar with their characteristic aspects, their mineral and chemical composition, and

their modes of occurrence. The igneous rocks are, in the fullest sense of the word, the primitive
D
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rocks, for from these, directly or indirectly, most of the others have been derived. It is therefore
impossible to fully understand the character and the origin of the latter without an intimate
acquaintance with the parent rocks. Moreover, as disruptive and intrusive masses, trap occurs with
great frequency among the seams of coal, producing those faults which interrupt the continuity of
a deposit, and constitute a formidable barrier to further progress. In these cases a knowledge of the
character and modes of occurrence of such rocks, as well as of the effect they produce in the
strata through which they force their way, is of the highest value to the engineer in enabling him
to determine the best means of dealing with the obstruction. To the mining engineer whose
labours are directed to the extraction of the metals other than iron, the igneous rocks constitute
the most important class, since it is with them that he will have chiefly to do. For these reasons,
we have devoted more space to this class of rocks than their importance seems, at first sight, to
justify.

Tre AqQurous Rocks.—The aqueous rocks are, as we have observed, derivative ; that is, they
have been formed from the debris of the igneous rocks. The agencies that have operated in their
formation may have bcen chemical, mechanical, or organic, and they may be grouped under these
three heads. But it seems to conduce more to precision and clearness of arrangement to divide them
into three groups according to their chemical composition, and to subdivide these groups according to
the agencies that have operated in producing them. Such a grouping will divide the aqueous rocks
into Sandstones, Clays, and Limestones, The rocks of these three groups differ from each other, not
only in chemical composition but in the conditions under which they were formed. The sandstones
are coarse in texture, being composed of grains of quartz that have been subjected to the action of
running water. It may therefore justly be inferred that these rocks have been deposited in water
in a state of more or less rapid motion; and hence they indicate a coast line and shallow water.
The clays consist of particles in a state of extreme fincness, such as could only be deposited from
still-water. As a matter of fact, the fine particles of mud carried down by a river are borne far
out to sea, while the heavier grains of sand are deposited near the beach. Hence we infer that the
clays were deposited in deep water. The limestones consist of fine particles like the clays; but this
fact is due to their being the result of chemical action. Limestone is held in solution in water
by the presence of carbonic acid in it, and the deposition from the solution may take place in shallow
as well as in deep water. Of course, like any other rock it may be worn down by the action of
mechanical causes, in which case the particles, from their extreme fineness, would be carried far out to
sea, and deposited in deep water. Thus we have, according to the conditions of their formation,
the sandstone group deposited in shallow water, the clay group deposited in deep water, and the
limestone group deposited either in deep or shallow water.

Sandstones.—Sandstone consists merely of grains of sand compacted together, either by simple
'pressure long continued or by the presence of some other substance acting as a cement. The grains
consist chiefly of quartz, sometimes clear and colourless, sometimes dull white, but oftener yellow,
brown, or red. The red colours are due to the covering of cach grain with a film of peroxide of
iron, which sometimes serves as a cement to bind the particles together. Frequently the iron exists
as a silicate, in which cases the film will be green. In most sandstones the cement is more or less
siliceous, The particles are generally distinctly waterworn, and may be seen, even in those of the
finest texture by the aid of a lens, to be embedded in the cement. Chemical analysis shows the
sandstones to be derived from granite by the mechanical agency of water, which washes away the
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silicates, and leaves only the most highly oxidated portion of the granite, the quartz, to form the
basis of the new rock.

The sandstones may be ranged under three divisions: the simple, the compound, and the
conglomerates, or breccias. The simple sandstones are those which are composed of pure quartz;
of these we have but few examples, The compound sandstones are composed of quartz with one or
more of the other minerals found in the primitive granite, as felspar, hornblende, mica, and clay.
When composed of quartz and felspar, the rock is termed a flspathic sandstone. The grains of
felspar, which sometimes occur abundantly, are distinguishable by their dull white, yellow, or flesh
ocolour, and their peculiar appearance. Mica is rarely altogether absent, and in many sandstones the
flakes and spangles occur so abundantly as to cause the surfaces of the rock to glitter, and the rock
itself to split into thin plates. These are called micaceous sandstones. Besides these varieties, there
are calcareous sandstones, in which the cement consists of carbonate of lime, and argillaceous
sandstones, which contain an admixture of clay. The latter appellation is, however, not very
appropriate, nor is it often used. When occurring in a very coarse form, compound sandstoues are
called conglomerates. A conglomerate has been defined to be a sandstone in which there are large
particles of quartz, slate, limestone, or any other rock, cemented together by a more or less siliceous
cement. The fragments in conglomerate are most commonly quartz, quartz-rock, or some very
siliceous substance. 'This arises partly from the greater abundance of siliccous mineral matters, and
partly from the greater durability of quartzose substances and their mode of fracture. The size of
the fragments varies from that of a hazel nut to that of a man’s head. The degree of consolidation
also varies greatly. In those which have been consolidated by simple pressure, the pebbles may be
removed by a slight blow with a hammer, while in others in which a cement occurs the pebbles are
very firmly embedded. Conglomerates, though stratified rocks, often show but faint traces of
bedding, and it is only when seen on a large scale that their bedded character becomes apparent.
The essential idea of a conglomerate is that all the fragments should be rounded, a circumstance
which shows that they have been exposed to the action of waves on the sea shore, or of rapid tidal
currents in shallow water. When the embedded fragments are not rounded, but are angular and
irregular, the rock is called a breccia. Conglomerate is sometimes called puddingstone, from a
fanciful resemblance to the fruit in a plum-pudding.

“Q@rit” and “ gritstone ” are terms applied somewhat vaguely to sandstone to denote that the
particles are hard and angular, in other words “sharper,” than in ordinary sandstone. This
angularity of the particles is, however, not always a characteristic, since in the sandstone rock known
as “millstone-grit " the particles consist of perfectly round grains, sometimes as large as peas, or
even larger. The term gritstone is perhaps most applicable to the harder sandstones which consist.
almost entirely of grains of quartz, most firmly compacted togethcr by the most purely siliceous
cement,

“ Freestone ” is a term in general use, and it is applied both to sandstones and to limestones.
It means a stone that works equally freely in every direction, or has no tendency to split in one
direction more than in another.

“ Flagstone” means a stone that splits more readily in one direction than in another, that
direction being along the original line of deposition. These stones are usually sandstones, though
very argillaceous; but in some cases they are rather idfjmrated clay in thin beds than sandstones.

Among the materials of a sandstone, a considerable proportion of alumiua may occur, thus
: D2
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providing the constituents for the formation of clay. Hence it results that the passage from sand-
stones to shales and pure clay is an insensible one. The following terms are applied by miners
to some varieties of sandstones,

Calliard or galliard is a northern term for a hard, smooth, flinty grit.

Catsbrain is a calcarcous sandstone in which the rock is traversed by little branching veins of
carbonate of lime.

Faikes is a Scotch term for a shaly or fissile sandstone.

Hazel is a northern term for a hard grit.

Peldon is a South Staffordshire term for a hard, smooth, flinty grit (the calliard of the north).

Post is a northern term for a bed of firm, fine-grained sandstone.

Rock is used generally to denote any hard sandstone.

Rotche or roche is generally used to denote a softer and more friable sandstone.

Rubble is rough angular gravel, cither loose or compacted into stone.

Clays, or Schists—The term “schist” is properly applicable only to indurated clay rocks
having a tendency to split up into irregular plates, and to this use it is often restricted. But some
writers are in the custom of employing the term to include all the varieties of clay rock, and it is in
this extended sense that it is employed here. Perfectly pure clay is a hydrated silicate of alumina,
and is known as “kaolin,” or “ porcelain clay.” It is derived from the decomposition of felspar,
from which the silicates of potash, soda, and lime have been washed away. It occurs abundantly in
some granitic districts, where it is carried down by the streams and deposited in hollows. Hence the
clays, like the sundstones, are derived from granite. As pure clay, however, they rarely occur.
Usually they contain a considerable proportion of potash and soda, with a variable quantity of
minute grains of quartz. Their composition is, indeed, exactly what we might have expected from a
consideration of their origin. If a granite rock be finely divided by the action of water, some of
its alkaline silicates will be washed away, hut the greater part of the constituents will remain in
very nearly the same proportion as before. Chemical analysis shows this to have been the case.
Hence we must regard the clay group as formed of granite very finely divided, reduced in fact
to an impalpable powder, and deposited over the bottom of the sea in deep water. The relation of
the clay to the sandstones will now become apparent. Both have been derived from the granite,
and deposited from suspension in water. But the heavy particles of quartz were first deposited to
form sandstones, while the lighter particles of the other minerals in a finely comminuted state
were borne farther out to sea, and slowly deposited in deep water. The particles of quartz, however,
would be of various degrees of fineness, and the finest of these would be carried out and deposited
with those that were to form the clay, and between the sandstone and the clay it is obvious that
the gradation must be such as to render the passage from the one kind of rock to the other an
insensible one.

The clays may be grouped in two divisions: the simple and the compound. The simple clays
are those which are composed of clay only, that is, the clay which is formed by a minute and fine
mechanical subdivision of the granite rocks. The compound clays are those which contain a
notable addition of some other mineral, of which mica, talc, chlorite, and hornblende are the most
important. These compound clays or schists are distinguished according to the mineral present, as
mica schist, tale or talcose schist, chlorite schist, and hornblende or hornblendic schist. To these com-
pounds we shall again refer under the head of metamorphic rocks. It is obvious that there can be no
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conglomerate or breccias among the clay rocks, since the fact of their being deposited in deep water
precludes the possibility of such formations.

“ Argillaceous flagstone " is a term applied to an indurated sandy clay or clayey sandstone,
which splits into thick slabs or flags.

“Clay-slate " is & metamorphosed clay having a superinduced tendency to split into thin plates,
which may or may not coincide with the original lamination of the rock.

“ Fire-clay " is a term applied to any clay capable of resisting great heat without slagging or
vitrifying. This property is due to the absence of any lime or alkalics to act as & flux. It is
probable that in good fire-clays the silica and nlumina exist in just that definite proportion which,
on the application of heat, would combine into a true silicate of alumina. Such clays abound in the
coal measures.

% Fuller's-earth ’ is a term applied to a soft unctuous clay which, from its absorbent character, is
capable of removing grease from woollens ; whence the name. Any clay containing from 20 to 30
per cent, of alumina will act as fuller’s-earth.

“Loam ” is a soft and friable mixture of clay and sand, having but little adherence, and being
permeable to water. Any mixture of clay and sand, which is neither distinctly sandy nor clayey, is
called Joam.

“ Marl” is properly calcareous clay, which, when dry, breaks into small cubical fragments.
The proportions of lime in a marl may vary from 10 to 60 or 70 per cent. When the clay
predominates the mixture is distinguished as “clay-marl,” and when the lime is the more abundant,
“ marl-clay.”

“Mud ” consists of the finely comminuted materials of some form of argillaceous rock, inter-
mingled with vegetable and animal matter, borne down by streams and deposited over the bottoms
of seas, lakes, and pools. The term is applied to such accumulations only while they are in an
incoherent and unconsolidated state. _

“ Mudstone ” is a name given to a fine, argillaceous, and more or less sandy rock, void of shaly
lamination, and evidently consisting of consolidated mud.

“ Pipe-clay ” is a nearly pure clay, white and free from iron.

“Shale ” is regularly laminated, and more or less indurated clay, which splits into thin layers

along the planes of deposition. This laminated, or, as it is termed, shaly structure distinguishes it from
beds of clay and marl. Clay is massive or plastic; marl is friable; shale occurs in leaf-like lamine.

“Qilt” is a geological term for the miscellaneous matter deposited in lakes, estuaries, bays, and
other still waters. It may consist of mud, clay, and sand, or of distinct layers of these.

“Slate” is a term applied to arg'lllnceous rocks, whose lamination, like that of roofing slate, is
not produced by lines of bedding, but is due to a metamorphism called cleavage, which often runs
at right angles to the planes of deposition.

As the shales alternate with the sandstones in the coal measures, this class of the clay rocks is
the most important that the coal-miner has to deal with. Hence it is that, as in the case of the
sandstones, he has adopted terms to distinguish the several varieties. The following are the most
generally used :

Batt or bass is very fine shale containing a large proportion of carbonaceous matter, called by
the geologist carbonaceous or bituminous shale.

Bind is the colliers’ term for ordinary shale.
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Blaes is the Scotch term for ordinary shale, such shale being usually dluish-grey. When lumpy
the term is lipey blaes.

Bluestone is the name apphed in Caermarthenshire to common shale.

Clod is the same as * bind.”

Clunch is the name for a tough, more or less indurated clay, often very sandy, lying beneath the
seam of coal. '

Danks is the Scotch term for “ batt.”

Kelve, a south of Ireland term for “ batt.”

Metal is the same as ““ bind.”

Pindy, a south of Ireland term, synonymous with “kelve.”

Plate is the same as “bind."

Pounson is a dense soft clay underlying the seams of coal.

Shiver is the same as “ bind.”

Slig or sliggeen is a term applied in the south of Ireland indiscriminately to shale and slate.

Warrant is the same as ¢ pounson,”’

Limestones.—Limestone is a term for rocks the basis of which is carbonate of lime. As the
sandstones and the clays clearly owe their origin to the granite rocks, so it would appear that the
limestones have been mainly derived from the later trap rocks. We have already shown that lime
and magnesia are much more abundant in the traps than in the granites. Hence, as these became
worn down by the action of water and decomposed by chemical agencies, the quantity of lime held in
solution in the water would rapidly incrcase. This would ultimately be deposited as carbonate of
lime, carbonic acid being derived from the atmosphere. There can be no doubt that, as a rock, the
limestone is subsequent in point of time to the sandstones and the clay. Different varieties occur
in the different geological formations ; and hence, though it is difficult, and in many cases impossible,
to distinguish betwecn the sandstones or the clays of different epochs from mere lithological charac-
ters, an experienced geologist can, from such characters, readily determine the true position in the
series of any given specimen of limestone,

The limestones may, like the sandstones, be divided into the simple, the compound, and the
conglomerates, or breccias. The simple limestones are those which are composed either of pure, or
nearly pure, carbonate of lime, or of earbonate of lime and magnesia. These may be subdivided,
according to their texture, into crystalline, compact, oolitic, and magnesian limestones, though the
latter term relates rather to mineral composition than to texture,

Crystalline limestone may vary from fine to coarse grained; from a fine pure-white rock, resem-
bling loaf-sugar in texture, to a rough granular one of various colours, The former variety is known
as saccharoid limestone or statuary marble. The structure of limestones may be either original, in
which case it often happens that each crystal is a fragment of a fossil, or superinduced by meta-
morphic action on a limestone previously compact.

Compact limestone is hard, smooth, and fine grained, generally bluish-grey, but sometimes
yellow, white, black, red, or mottled. Generally its fracture is conchoidal ; but it may be sharp and
splintery, or dull earthy. This variety will frequently take a polish, and it has been used as an
ornamental marble.

Oolitic limestone, or oolite, is so called because its structure resembles that of the roe of a fish,
the word oolite meaning roe-stone. In this structure the mineral has assumed the form of little
spheroidal concretions, composed of several concentric coats, sometimes enclosing a minute grain of
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some other mineral substance, and sometimes hollow. Qolite is generally of a dull yellow colour,
but not unfrequently it is grey. The peculiar structure of this rock gives it the character of a free-
stone, that is, one that may be cut with equal freedom in any direction. Hence its value for building
purposes. Bath and Portland stone are well-known examples of oolitic limestone. A variety of
oolite in which the concretions are as large as peas is called pisolite, or peastone.

Magnesian limestone or dolomite consists of carbonate of lime and carbonate of magnesia. Many
limestones contain a small percentage of magnesia; but the term magnesian is not applicable unless
the rock contain 20 per cent. and upwards. The occurrence of magnesia in small quantity frequently
gives a sandy appearance and gritty feel to an otherwise smooth and compact limestone. The term
“dolomite ” is used to distinguish the crystalline from the earthy varieties. True dolomite contains
nearly equal atoms of carbonate of lime and magnesia; and though the crystals are sometimes very
minute, the crystallization and the pearly lustre are generally very distinct. Its colour is ususally
pale yellow, but blue, grey, white, and even black varieties not unfrequently occur. Dolomite is
often full of cavities, varying in size from that of a walnut up to that of a man’s head. Often it is
completely disintegrated, and looks like mere sand ; but when examined with the lens, the apparent
grains of sand are found to be little detached crystals. Magnesian limestone appears to be, in many
cases, a product of the gradual metamorphosis of ordinary limestone, carbonate of maguesia replacing
carbonate of lime.

Compound limestones are those which contain a notable admixture of some substance other than
carbonate of lime and magnesia; and they are named after the minerals with which they are
associated. Thus, as in the case of the schists, we may have micaceous, talcose, chloritie, and horn-
‘blendic limestones. Frequently -lay has been deposited with the caleareous matter, producing a
variety to which the name of “ argillaceous limestone * has been given. The presence of clay may
be detected by the peculiar odour emitted when the rock is breathed upon. Some of the argillaceous
compounds make a beautiful marble Sometimes the silica which was diffused through the calcareous
mass, instead of separating as nodules or layers, has remained so diffused; in such cases the rock is
distinguished as “siliceous limestone.” Sand may also be present in considerable proportions, pro-
ducing a compound known as “arenaceous limestone.” This variety is commonly known as * corn-
stone.” In like manner, carbonaceous matter, derived from decaying vegetables, or decomposing
animals, may produce the black limestones, known as ‘‘carbonaceous” or “ bituminous limestone.”
Sometimes the remarkable mineral serpentine may be present as veins and nests; in this case the
rock, which is the verde antique of the ancients, is called serpentine limestone. Many limestones are
named from their containing some peculiar variety of fossil, as nummulite, clymenia, crenoidal lime-
stone, and shell limestone or muschelkalk.

Beyond the essential difference that limestone conglomerates and breccias must be composed of
a limestone paste, enclosing some limestones, pebbles, or fragments, this division of the limestones is
precisely similar to the corresponding division of the sandstones. Generally but few limestoue
pebbles are found in conglomerates containing sandstone pebbles. This is what might have been
expected, since in the grinding process which takes place among the pebbles on a sea-beach, where
conglomerate is formed, the harder destroy the softer. Frequently the fragments consist of trap or
trap-tuff, and slate.

“ Chalk ” is a simple limestone, white and fine grained, sometimes quite earthy and pulverulent,
sometimes harder and more compact. This variety is well known.

“Fetid limestone,” or stinkstone, is a name given to those limestone which emit, when struck or
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rubbed, a fetid odour, like that of sulphuretted hydrogen. The odour from some of the limestone
quarries in the carboniferous limestone of Ireland may be perceived at the distance of a hundred
yards, and is sufficient to produce nausea in the men at work,

“ Fresh-water ” or * lacustrine limestones ” have a peculiar aspect, from which their origin may
frequently be determined by mere inspection. Usually they are of a very smooth texture, and
possess only a slightly conchoidal, and often an earthy, fracture. Their colour is dull white or pale
grey. “Shell-marl ” is a soft, white, and earthy form of fresh-water limestone, formed of an aggre-
gate of shells and a variable quantity of clay.

“Gypsum” is a sulphate of lime, and often occurs in regular beds. Sometimes, however, it
oceurs in irregular concretionary masses, or as veins and strings in other rocks. Gypsum has already
been described.

“ Rottenstone” is a siliceous and aluminous compound, resulting from the decomposition of
impure limestones by the action of the atmosphere. In many cases, where a ferruginous limestone
decomposes, the calcarcous parts are dissolved and removed, leaving a fine, pulverulent, porous mass
of ochre.

“ Stalactite ” and “stalagmite ” arc terms applied, the former to those icicle-like incrustations of
lime which form on the roof of caverns and fissures, and the latter to the same incrustations that
form on the floor. They are produced by the dropping of water holding these rock materials
in solution.

In the foregoing subdivision of the aqueous rocks into simple and compound, the latter have
been named according to the mineral with which they are associated. But it must be borne in mind
that in all these cascs the mineral exists intcrstratified by mechanical action. Thus a compound
clay consists of a layer of clay, a layer of the mineral with which it is mixed, a layer of clay again
and so on. So also a micaceous sandstone is composed for the most part of quartz divided into sheets
or leaves by the interposition of plates of mica.

Tre Meramorrric Rocks.—The metamorphic rocks are sedlmcntary rocks that have under-
gonc, at a great depth beneath the surface, u process of change called metamorphism, by which their
constituent elements have been rearranged, and generally a crystalline texture produced. In some
of these rocks the original mineral texture is still recognisable, while in others all trace of it is effaced,
and a new texturc and mineralogical composition has been developed. The agencies that have pro-
duced this change are mainly heat and pressure and chemical action; but it is probable that other
agencies have operated of which we know but little. The metamorphic are the lowest of the aqueous
rocks, and are consequently associated with the granite and the primary formations. Many changes
have, however, been effected in more recent times; and hence rocks of a metamorphic character may
be met with in any of the later formations. Each of the three groups into which the aqueous rocks
have been divided has its metamorphic varieties; but the most important occur among the sand-
stones and the schists of which the older rocks consist.

Altered Sandstones.—The most important of the altered sandstones is gneiss. This rock consists
of the same mineral ingredients as granite, namely, quartz, felspar, and mica. It differs from
granite chiefly in this, that while the crystals of quartz and felspar are distinct and entire in the
latter, in gneiss they are broken, indistinct, and confusedly aggregated. Moreover, gneiss never
sends out dykes and veins into the contiguous strata, like granite, nor does it ever assume those struc-
tures which, being the result of cooling, are possessed by the igneous rocks. It is hard and crystalline,
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and frequently exhibits curved and flexured lines of stratification. These lines of stratification, or
the regular arrangement of its component crystalline particles in a certain parallelism, impart some-
what of a schistose structure, and in some cases they afford the only means of distinguishing the rock
from granite, in hard specimens. As might have been expected, the gradations of composition and
texture towards granite on the one hand, and towards mica-schist on the other, are insensible. It
should be remarked that the term “gneiss” is often very vaguely applied to signify any hard
quartzose semi-crystalline schistose rock for which no other appellation could easily be found.

“Quartz rock,” or “ quartzite,” is & sandstone that has been altered and hardened by heat. It is
compact, fine grained, but distinctly granular, often so divided by joints as to split in all directions
into small, angular, but more or less cuboidal fragments. When examined with a lens, it is seen
to be composed of rounded grains imbedded in a purely siliceous cement. In colour it is generally of
some shade of yellow or white. Occasionally it occurs red, and more rarely green. Quartzite is
frequently confounded with vein quartz, from which, however, it may be distinguished by its
granular structure.

“Qreywacke” is a name given to certain forms of altered sandstones, consisting of & compact
aggregate of grains of quartz, felspar, and mica, cemented by a siliceous, argillaceous, or felspathic
base. The compact character of this base, and the way in which the grains often appear to pass into
it, constitute a distinguishing feature in this rock. In colour it is generally of some shade of grey ;
but it may be brown, red, or blue,

Altered Clays—The compound schists, which have already been described, are metamorphic.
Mica-schist occupies, however, so important a position that it deserves special mention under this
head. 1t is composed of alternate layers of mica and quartz, the former consisting of small flakes
firmly compacted together. The structure is often minutely corrugated or crumpled. Usually the
separation of the layers coincides with the original bedding, but in some cases it may be independent
of the bedding, Mica-schist passes by insensible gradations into micaceous sandstones.

¢ Clay-slate ” and “ flinty-slate,” or * Lydian stone,” are also metamorphic rocks, the peculmr
cleavage of the former being a superinduced one, and the characteristic flinty feature of the latter
being the result of contact with a mass of fused igneous rock.

Altered Limestones.—The crystalline structure of some limestones is due generally to a meta-
morphic cause. That this cause was heat acting in conjunction with pressure has been proved by the
experiments of Sir James Hall, who by heating chalk under such a pressure as would prevent the
escape of the carbonic-acid gas, succeeded in converting it into a hard crystalline marble. The chalk
of the north of lreland is thus changed in many places by the intrusion of trap rocks. Among the
altered limestones must be classed saccharoid marble and dolomite, the latter being in most cases, if
not in all, the result of carbonate of magnesia replacing carbonate of lime. Berpentine has also a
metamorphic character.

In the foregoing description of rocks, their mineral composition, their structure and texture,
their colour, and all other distinguishing features they may possess, have been fully and clearly
pointed out for the purpose of enabling the student to recognise any specimen that he may meet with.
The importance of this power of distinguishing rocks will be evident when it is borne in mind that
such peculiarities of composition, structure, and texture, or the presence of a pebble, fragment, or
peculiar mineral, often furnish the only means of identifying strata very widely separated.

ForuaTioN OF Rock-Beps.—The aqueous rocks have been formed, as already stated, by the
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deposition of mineral matters from suspension or solution in water. This deposition has not been a
continuous act, but a succession of acts, between which intervals of varying length have intervened.
The non-continuous character of the act of deposition is only what we might have expected from the
nature of things. It is only after heavy rains that streams become turbid with suspended matter,
and though large rivers bear down to the sea a considerable quantity of matter in the most tranquil
seasons, the quantity varies greatly at different periods. Also the velocity of a river varies with the
volume of water to be discharged, and hence the turbid waters of a swollen river will be carried
farther out to sea than those of a season marked by a more sluggish current. Other causes of
turbulence, too, have operated to render the deposition of sediment fitful and irregular. The con-
sequence to the formation of rock-beds of the want of continuity in the ect of deposition is that all
rocks so formed are divided into thin layers or lamine. Each of these layers marks a separate act
of deposition, the materials thrown down on each occasion having in some degree consolidated
before the next deposition began. It is not, however, necessary to assume a total suspension of the
act of deposition to produce these layers. A marked retardation of the act for some time, during
which time the particles of the deposit would be finer as well as fewer, would still have this effect.
But two layers separated by a period of retardation will coalesce more completely, and, therefore,
adhere more strongly than two other layers separated by a period of total suspension. Hence it is
that sedimentary rocks cleave along the planes of lamination, and more easily along some of these
planes than along others. The length of the interval that elapsed between two successive deposits
will also influence the degree of cohesion between the layers, that degree being less as the interval
was longer. The absolute length of these intervals we have no means of ascertaining. These facts
in the deposition of rocks satisfactorily account for the varying thickness of the lamius of which
they are made up, and the comparative want of coherence between the component laminse of the
shales, which were deposited in deep water, far from land,

But besides the lamination of rocks, there is their stratification, which may, however, be
described as the same thing upon a larger scale. We have shown that a rock-bed is made up of
thin laminse laid one upon another by successive acts of deposition, which acts were separated from
each other by varying intervals of time, But in no case was the interval a very long one. Long
intervals, however, marked by a total suspension of the act of deposition, did sometimes occur. But
these caused a complete separation between the last layer deposited and the next subsequent one, and
thus a new bed was begun. These beds, which may vary in thickness from an inch to many feet, are
designated as strata, and the divisional planes between strata are distinguished as planes of stratification.
Very frequently the physical changes that interrupted the deposit of sediment altered the direction
and force of the currents, and, consequently, the matter in suspension having been obtained from
other localities, the new bed was formed of quite different materials. Hence we have a bed of sand-
stone, for example, resting upon a bed of clay, or a bed of limestone upon a bed of sandstone. As
in the case of the lamins, we have no means of determining the length of the interval that elapsed
between the deposition of adjacent beds. It seems, however, a just inference to suppose that a longer
interval intervened between the deposition of beds composed of different materials than between those
of similar composition, since a long period of time must be assumed to produce the physical changes
in the earth’s surface by which the currents were altered. And when the change is from sandstone
or clay to limestone, it becomes necessary to assume a still longer interval, as it was deposited
in water in which all currents had ceased, a circumstance that implies great changes; and if, as
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appears necessary in the case of all marine limestone, we assign an organic origin to the rock,
we are oompelled to allow a period sufficiently long for the production of the animals from whose
secretions it is derived. Sometimes we have evidence that the interval was a long one, in the fact
that two beds which are contiguous in one place, in another place are separated by other distinct
beds.

The existence of such interstratified beds, leads to the consideration of the extent and termina~
tion of beds. The nature of the agencies by which rock-beds have been formed would lead us to
suppose that they would vary as greatly in extent as in thickness, and such is found to be the case.
Some beds cover only a small area; others cxtend over a wider surface; while others again are
continuous over vast tracts of country. What is true of & single bed is also true of a group of beds,
and hence we find “ formations” abundantly developed in some localitics, and altogether absent in
others. As might have been expected from the nature of the agencies brought into operation in the
formation of rock-beds, there exists an intimate relation between their extent and their lithological
character, The finer particles of suspended matter were more widely and equally distributed than
those of greater specific gravity. And hence we find that beds of clay are of greater extent and
more equable in thickness than beds of sandstone, and beds of sandstone than beds of conglomerate,
With respect to extent and regularity, the sedimentary rocks may be arranged in the following
order :—Limestone, clay, sandstone, conglomerate. The way in which a rock-bed terminates is by
thinning out in all directions; in some cases the thinning out is gradual; in others, it takes place
more abruptly. Thus the form of a bed is that of a cake pared off at the edges. This is the natural
form, and it is due to the mode of its formation. But all existing beds do not terminate on all sides
in this way. Sometimes one side has been uphcaved by subterranean forces, and the action of denu-
dation has subsequently removed the thinner portions. In such cases the bed terminates abruptly
at the surface. Or denudation without upheaval may produce the same effect on beds that have
been deposited in an inclined position. When a bed thins off towards its termination its place is
taken by the next adjacent bed, which, in like manner, thins off into it. This adjacent bed may,
and probably will, be of a totally different lithological character. Jukes has employed the diagram
given in Plate I., Fig. 3, to illustrate this important matter of the termination of beds. The white
beds are supposed to be limestones, which thin out into the adjacent beds of shale, shown in black.
These beds of shale, of course, thin out into the limestone in the same way. Thus at the point where
the thinning out of the limestones begins, the extremities of the shale-beds will appear, first as a
mere parting, perhaps only half an inch in thickness, and then gradually thickening out to the full
depth of the bed. In like manner the limestones will dwindle down to a mere parting in the shale.
The latter thin out, on the opposite side, into the next adjacent beds, supposed in this case to be sand-
stone, and shown in the diagram by the dotted portion. The extent and termination of beds are well
ascertained in coal mining, the operations of which consist in following the beds laterally.

INcLINATION oF Rock-Beps.—The surface upon which a rock-bed was deposited was not always
horizontal. Whenever a deposition has taken place upon an inclined surface the resultant bed is,
of course, inclined to the horizon at the same angle as the surface upon which it was deposited.
Moreover, as a bed was deposited over a very extensive area, the variations of surface may have
been numerous, and hence, in different places, it may be inclined at different angles, and in different
directions, But even where beds were originally deposited in the horizontal position, subsequent

voleanic convulsions, accompanied with eruption of igneous rock, have frequently upheaved them
E 2
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into an inclined position. Hence it arises that strata are, in most cases, more or less inclined.
This inclination is called the “Dip” when viewed in the direction of the fall, and the “ Rise ”
when viewed in the contrary direction. The “dip” is measured by the angle which it makes with
the plane of the horizon. Thus a bed is said to dip at an angle of 14° when it makes that angle
with a horizontal plane. It is seldom, however, that miners reckon the dip in degrees. With them
it is customary to estimate it by comparing the horizontal distance with the fall. A dip of 14°
would in this way be expressed as a dip of one in four, that is, in a distance of four, say, feet, measured
along a horizontal line, the “fall,” or deviation from that line, is one foot. In the same way an
angle of 26° would be expressed as a dip of one in two. The direction of the dip is compared with
the meridian, Thus a bed is said to dip N., N.E., N.N.E., &c., at an angle of 18° or one in three.

When an inclined stratum comes to the surface, its edge is called the * outcrop,” or “ basset.”
Such a stratum is said to crop out to the surface, and the edge exposed is called its basset edge.
Among miners these and other terms are used, such as “coming up to grass,” “ coming out to the
day.”

The line at right angles to the dip, that is, the line of outcrop along a level surface, is called
the “strike.” Like the direction of the dip, it is described by its line of compass bearing, As the
strike is at right angles to the dip, when the direction of the latter is known, that of the former will
be known also. Thus if a bed dips north or south, its strike will be east and west. But when the
direction of the strike only is known, that of the dip does not necessarily follow, since it may incline
to either side of the strike. Coal miners generally speak of the strike as the “level bearing,” or
“ water-level ” of a bed, because a drift or gallery driven through a bed at right angles to the dip
must necessarily be on a true level.

Fig. 4, Plate 11, shows a section through a group of highly inclined beds cropping up to the
surface. The section is taken in the direction of the dip, and, consequently, at right angles to
the strike. The beds, it will be seen, do not dip at the same angle on both sides of the fault. If we
suppose the direction of the dip to be due east, that of the strike will be due north and south, in
other words, the basset edges of these tilted beds run north and south.

It is seldom that the dip and the strike run in straight lines across the country throughout a
great distance. On the contrary, both the degree and the direction of the dip are marked by
extreme irregularity, the result of deposition upon an irregular surface, and the action of local
upheaving forces. Hence it follows that the strike, or line of outcrop, may vary continually in
direction, sometimes traversing the country in a curved line, or turning short back and continuing
in a contrary direction, sometimes running in an irregular line, frequently breaking off in unexpected
directions, and necessitating very careful observation to follow its course accurately. Often the beds
dip in a certain direction for some distance and then rise in the contrary direction, forming a trough-
like depression, or they may rise, and some of them crop out to the surface, while those beneath are
bent over and continued downwards, forming a saddle-like elevation. In such cases, of course, the beds
that crop out on one side reappear on the other. Sometimes the beds dip in all directions towards a
central point, forming a basin-like depression, or again, though not so frequently, they may rise in like
manner to form a conical elevation. These contortions occur on every scale of magnitude, from little
crumplings apparent in a ditch to those displacements the radii of whose curves are measured by
miles. When the rock-beds consist of hard compact materials, such, for example, as crystalline lime-
stone, the curves of upheaval or depression are usually regular, having frequently the appearance
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of arches of masonry. But when the composition and texture varies, the beds are crumpled and
otherwise distorted, in consequence of the varying nature of the lines of least resistance. An
example of this is shown in Fig. 5, Plate II. When some of the beds consist of comparatively
soft material, as shale and coal among sandstones, effects are produced of an important character to
the miner. In some parts where the pressure was greatest the softer bed has been squeezed out
into other parts where the pressure was less, until equilibrium was restored by the latter parts
becoming extended. Hence the softer bed may be reduced in thickness in some places to an inch or
less, or it may be pressed out altogether, the harder beds above and below it then coming into contact
with each other. But in all such cases, all the material of the softer bed will be found farther on
in an increased thickness of that bed. These accumulations are called by miners “ pockets,” and the
squeezing out of the bed is described as the “ nip.”

When saddle-like elevations and trough-like depressions assume large proportions, they are
spoken of as anticlinal and synclinal curves. Such configurations are shown in Fig. 8, Plate 11,
in which the beds are thrown into anticlinal curves at A, and into synclinal curves at B. The beds
5, 6, 7, 8 at A crop out to the surface on one sido of the elevation and reappear on the other side,
while the beds 1, 2, 3, and 4 are bent over in the form of an arch. At B, the beds numbered from
9 to 13 rest upon the former in the form of a trough, The imaginary line about which the beds
may be supposed to be bent is called the axis of the anticlinal or the synclinal. This axis may be
either horizontal or inclined. If it be horizontal, sections taken in any part will show the same beds.
But if it be inclined, different sections will cut different beds. An excellent example of this, due
to Mr, Jukes, of the Geological Survey, is given in Figs. 6 and 7, Plate II. Fig. 7 is a plan of
undulating beds, the axes of the anticlinal and synclinal curves being inclined, in this case, dipping
to the north, as shown by the arrows, It is obvious that, unless tho surface of the ground slope with
the axis, other beds must come in, arching over each other in the case of the anticlinal, resting upon
each other in the case of the synclinal. Thus bed No. 4 will sink, or “nose in,” as it is termed, under
the new bed No. 5, which, in its turn, will “ nose in”* under No. 6, and o on. In like manner, in
the synclinal bed, No. 14 will “nose out” over No. 13, No. 15 over No. 14, and so on. Hence, if
we take a section along the line CD in the plan, such a section will appear as in Fig. 8, in which
bed No. 4 forms the crest of the anticlinal, and bed No. 13 is the highest in the synclinal. But if
another section be taken along the line G+ H, this section will appear as in Fig. 6, in which bed
No. 7 forms the crest of the anticlinal, and bed No 16 is the highest in the synclinal. It is of the
utmost importance to observe carefully the inclination of the axes of the curves, especially to the
mining engineer, who otherwise may be led to incur fruitlessly enormous expense. Jukes mentions
a case that came under his notice in South Wales where a sum of 30,000/, was wasted in an abortive
sinking for coal, the seam having cropped out across the axis of the synclinal a mile or more before
reaching the spot where the shaft was sunk for it. A similar instance came under the author’s notice
in North Wales.

It has already been pointed out that the flanks of these curves may be more or less flexured
according to the nature of the beds that have been subjected to the contorting forces. In some
instances these flexures are carried so far as to produce actual inversion of the beds, a circumstance
that is not unfrequent in the Belgian coal-fields. Such flexures may bring the same seam twice into
a vertical shaft, and in such cases careful observation is requisite to avoid erroneous conclusions.

ALTERNATION OF RoCK-BED8.—Sandstones, clays, and limestones occur either as separate
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groups of beds, sometimes of great thickness, or Interstratified one with another. The .lat.ter is the
more common mode of occurrence. No general rule can be laid down for the association of the
different kinds of beds with one another; but some degree of regularity is observable in the alterna-
tion of rocks of different textures. Thus beds of very fine and very coarse materials are rarely found
resting upon each other. We should not expect to find shales, for example, resting upon con-
glomerate, but rather sandstones. So coarse sandstone is covered by a finer sandstone before the
shale appears upon it. Beds of limestone are frequently sepurated from: each other by beds of
soft clay, or shale, and in such cases the latter material is commonly of a black or brown colour, and
often very calcareous. Sometimes limestone alternates with sandstone, the sandstone in these cases
being usually calcareous. But clay-beds more frequently alternate with both.

Formarion oF Rock-Brocks.—Besides the planes of deposition which separate one bed from
another, there exist other lines of division running at right angles to these, and forming generally
two sets, each of which runs at right angles to the other.! These lines of division are called
“joints,” Sometimes each bed has its own joints, these apparently having been produced before
the deposition of the next superincumbent bed. But in most cases the joints run through whole
groups of beds. Sometimes, however, in passing from one bed to another, the line is slightly
broken, a circumstance that may lead an inattentive observer to believe that the joints are distinct
in each. A joint will pass through a pebble, dividing it as cleanly as if cut by a knife. In strati-
fied rock, we have thus three planes of division: one horizontal, or parallel with the lamination, and
two others perpendicular to the former, and at right angles to each other. Hence the bed will be
divided into quadrangular blocks of various dimensions, and more or less uniformity of size according
to the greater or less regularity of the joints. In the unstratified rocks the three planes of division
are also frequently seen, another set of joints taking the place of the planes of stratification in the
stratified rocks. Were it not so, it would be almost impossible to quarry such rocks. Frequently,
however, the joints in unstratified rock are such as to produce prismatic instead of cuboidal blocks
and in such cases the joints traverse the rock with remarkable regularity.

Master-Joints.—When a sct of joints run regularly parallel to each other throughout a consider-
able distance, they are called “master-joints” to distinguish them from the lesser joints which may
extend for only a short distance. Sometimes such joints have wide intervals between them, and in
these cases the resulting blocks are large. Or one set may be at greater intervals apart than the
other, in which case the blocks may be of great length. The set of joints that run in the direction of
the dip of the bed are distinguished as *dip-joints,” and the set at right angles to those are called
“strike-joints.” The closencss of a joint is generally in proportion to the fineness of the texture of
the rock through which it passes. Thus joints are more open in conglomerate than in coarse sand-
stones, in sandstone than in shale, In limestones, however, both open and close joints are found,
gome having been widened by the infiltration of acidulous water. Coal, from its peculiar nature,
shows the most perfect system of jointing. Fig. 10, Plate II,, from a sketch by Du Noyer, shows
the two sets of joints traversing the planes of stratification. And Fig. 11, Plate III., shows a plan,
constructed by F. J. Foot, of the Geological Survey, of such joints as they appeared on the surface of
a horizontal bed of limestone scveral feet in thickness and 12 or 13 yards across, in County Clare,
Ireland. Many of these joint-planes may be traced for several hundred yards. .

The probable cause of rock-joints is contraction during consolidation. Clay, as is well known,
cracks while drying ; and molten materials shrink and crack on returning to the solid state, Joints
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of precisely the same character as those occurring in nature may, indeed, be produced artificially.
Some years ago an attempt was made in South Staffordshire to utilize blast-furnace slag by casting it
in moulds to form blocks of building material. But in consequence of the joints developed in them,
these blocks soon crumbled into small cuboidal fragments.

To the mining engineer and the quarry-master the subject of joints in rock is of the highest
importance.

Slickensides.~—The term slickenside is applied in mining to the smooth, striated surface of joints
on the opposite walls of a fissure, apparently produced by convulsive friction, and subsequently coated
over with a siliceous or calcareous film or glaze by the passage of water or heated vapours, Slicken-
sides occur more abundantly among igneous rocks, and in districts that have been much subjected to
disturbing forces. :

CLEavage AND ForiarroN.—Cleavage is the tendency in rocks to split into thin plates in a
certain direction. This tendency is especially remarkable in clay-slate, but it exists in other rocks,
It is most perfect in the fine-grained kinds, which it divides very regularly into extremely thin plates
or leaves. When the texture of the rock is coarse, the cleavage planes become faint, wider apart,
and more irregular, These planes, when occurring in conglomerate, pass round the pebbles, leaving
them sticking out from the surface, and do not pass through them as joint-planes do.

The direction of the cleavage planes is wholly independent of those of lamination, which it may,
therefore, cross at any angle. In most cases tho lamination is obliterated by the cleavage, the laminw
having been welded together by the agency that produced the cleavage. There is, however, a
greater tendency in the cleavage planes to pass perpendicularly through the coarser than through the
finer textures.. Hence it happens that in passing from one led to another the direction varies
slightly, A remarkable feature in the direction of the planes of cleavage is that it is constant over
large areas, and is unaffected by contortions; thus it may make any angle with tho dip of the beds.
But generally this steady direction, which, as it has been observed, may remain constant throughout
a large extent of country, is coincident with the main axes of elevation, and hence with the strike of
the beds.

The origin of cleavage is yet a disputed question. There can, however, be little doubt in the
mind of one who carefully examines the question that it is due to pressure. It has been observed
that foseils have been lengthened in the direction of the lines of cleavage as if they had been drawn
out by a movement of the particles in that direction. This is precisely the effect that would Le pro-
duced by pressure. Moreover, artificial cleavage may be produced in a substance by subjecting it to
pressure under conditions that allow of its expansion in directions at right angles to the pressure,
The planes of cleavage are always at right angles to the direction of the pressure that produced it.

The true dip of the planes of cleavage can be ascertained only at considerable depths, as very
frequently superficial agencies have changed the dip for some distance beneath the surface.

Foliation is a term used to indicate a separation into erystalline layers of different mineral com-
position, such as we find occurring in mica-schist, for example, Foliation, like cleavage, is a super-
induced structure.

Faurrs aAND DisLooaTIoNE—One of the most important facts of geology to the coal miner is
the existence of “ faults.” By the term * fault” is understood any interruption of the continuity of a
stratum. The interruption may be complete, or only partial, and it may have been produced by
one of a multitude of causes. One of these causes has been already described as the “nip.” Besides
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the term “ fault,” miners sometimes employ other expressions to signify the ssme thiug, &4 “ trouble,”
“ check,” and others which indicate the nature of the fault ; these will be given as oconsion vequires.

Swells, Rolls, or Horses™backs —Sometimes & ridge of clay, thrown up by currents of water, has
existed on the surface upon which deposition has subsequently taken place. Such ridges are some-
times from 6 to 8 feet high in the centre, and slope off gently on each eide, and are known among
miners as swells,” “ swellies,”  rolls,” and “ horses’-backs.” One of these is shown at a in Fig. 13,
Plate III. It is evident that when a deposition takes place upon this surface, the continuity of the
new bed or beds will be wholly or partially broken by the swell. This is shown in the figure where
b,5,'5," and " are beds of coal. The beds b and b’ end evenly against the swell on each side, or, as
the miner expresses it, the coal in those beds is completely “cut out” for a distance equal to the
thickness of the swell. The continuity of bed b" is only partially broken; in other words, the coal is
cut out through a portion only of its thickness. The evidence of the swell being anterior to the
deposition of the higher beds lies in the fact that the latter exhibit no trace of disturbance. The beds
cut out end evenly against the swell, and bed ¥ in the figure, for example, is uncontorted.

Erosions, or Troughs.—Another kind of fault is caused by the existence of water-courses on the
surface upon which deposition has subsequently taken place. The action of a stream is, by wearing
away the soil, to cut out a bed for itself; and the breadth and depth of the excavation will be gene-
rally in proportion to the volume and the velocity of the stream, the softness of the strata over which
it flows, and the Jength of time during which it has flowed. Hence the excavations due to erosions
of this nature may vary in magnitude to an almost indefinite extent. When of considerable magni-
tude, the effects arc classed rather as those of what is called denadation than erosion, the latter term
being restricted to the effects of small strcams. When the subsequent deposition took place, the
hollows or troughs worn out by the stream were filled by the materials formed by the next bed in
the manner shown in Figs, 13 and- 14. The portion of the upper bed that fills the hollow is by
miners frequently called the “ horse,” and #4 is spokep of in the same way as the “swell,” as “cutting
out” the bed beneath. As the softer strata were the most acted upon by the eroding force, coal
seams have often suffered greatly. One of these erosions, in a coal seam in the Forest of Dean, has
been described as extending over a considerable area, and showing branches in many places, such as
would be produced by little tributaries flowing into it.

Besides the erosions caused by streams, others have been produced by currents of water of a
different character. An example of these is shown in Fig. 15, Plate III. Bed No. 2 has become
mingled by various currents with materials differing from those of the bed below. Bed No. 8 has
been of greater thickness then it is now, and has been worn down in an irregular manner, previous
to the deposition of bed No. 4. The latter suffered in the same way before being covered by No, 5.
Erosions of this character possess no regularity,

Dykes.—Dykes of igneous rock are a frequent cause of fault, especially in certain districts.
The character and mode of occurrence of dykes and their effects upon the surrounding rocks, have
been described under the head of Igneous Rocks,

Fracture and Displacement.—Fracture of the beds, and subsequent displacement of the several
portions, constitute the most important and the most common kind of fault. It may easily be
conceived that the forces which upheaved and contorted the beds in the manner we have already
described, would also crack and break them through. As a matter of fact, such has been the case,
and to such an extent that there is, probably, hardly & square mile of country wholly exempt from
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foults of this character. In some cases, fracture alone was produced; but far more frequently
displacements occurred, so that beds which were originally continuous now lie at very different levels
on opposite sides of the fault. An example of this is given in Fig. 16, Plate III. Taking the
coal seams as the most conspicuous, it will be observed that two beds are shown on the left-hand side
of the fracture. On the other side, these beds have sunk down to & much lower level, bringing down
nearly to their original level three otber beds lying above them. Among miners, such a fault is
sometimes called a “slip,” or “slide,” and the character of the displacement is described as a * down-
throw,” or “ downcast.,” The expressions “ upthrow” and “upcast” are employed—but, in many
cases, incorrectly—to describe the position of the beds on the left-hand side of the fracture in the
figure when viewed from the other side.

The amount of displacement, measured in a vertical direction, is called the *throw,” and is
expressed in feet, yards, or fathoms from the surface, when the latter is horizontal, and from a given
horizontal plane, when the surface is irregular or inclined. Suppose, for example, the distance of
the bed at @ in the Diagram, Fig. 17, Plate IV,, from the surface, or an assumed horizontal datum
line A B, to be 100 yards, and the distance of the same bed from the same line to be at & 200 yards.
The throw in this case would be described as a downthrow of 100 yards, without any referenco to
the horizontal distance A B, or the inclined distance a b, between the ends of the bed. The horizontal
distance A B, which represents the extent of barren ground to be driven through, is, by the miner,
frequently called the “ width” of the fault. This width will vary with the angle of the fault.
Diagram, Fig. 18, Plate IV., shows an inclined bed cut by two faults A B and CD, the angle of
inclination of the latter being much less than that of the former, In this case, the throw of the
fault A B will be measured by the line aé, and that of CD by the line ¢d. Also the width of
the fault A B will be measured by the line A o, and that of CD by the line Ap. Thus the nearer
a fault approaches the perpendicular, the better it is for the wminer. It is to bo obscrved that, though
the amount of throw is much greater in the fault A B3 tham in CD, the position of the two portions
of the bed X and Y is the same. Whence it will be seen that in fuults inclined at different angles,
or in beds lying at different angles, variations in the amount of throw will not be accompanied by
a corresponding variation in the position of the beds at a little distance on each side of the fault.

Faults of dislocation differ from one another in character and in effect, The variations in
character are mainly due to differences in the composition and structure of the rocks traversed by
the fault. It is, indeed, sufficiently obvious that the alternation of hard with soft beds must influence
the consequences of a fracture in no inconsiderable degree. The variations in effect are due to
differences in the position of beds, and in the iuclination, direction, and number of the lines of
fracture,

When a fault runs through beds of shale alternating with thir beds of sandstone, the fracture
may be merely a plane of division. In such cases, the surfaces of the fracture are frequently smooth
and polished by the friction to which they have been subjected, and present the uppearance known as
“glickensides.” When the beds traversed by a fault are composed of hard materials, as gritstone or
limestone, a fissure of greater or less width will exist. If the line of fracture is an irregular one,
which it usually is, the protruding parts on one side may rest against similar parts on the other, and
in such a case the fissure will be closed up in some places and open in others. No doubt the
irregularities thus produced have been greatly lessened by the wearing down of the protuberances

by friction ; but they are still remarkable. By .open fissures, it must not be understood that the
. . F
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spaces 8o formed are now empty. On the contrary, in most cases they have been filled up with the
débris produced by the friction of protuberance against protuberance, or by materials subsequently
brought into them. When hard and soft beds alternate, the fissure is generally closed at those parts
where the soft beds occur. :

Sometimes the beds end abruptly against each other without any distortion, as in Fig. 16,
Plate III. But more frequently the ends have been bent, as in Fig. 19, Plate IV. In such a
case, the beds are said to “dip to the downthrow,” or “rise to the upthrow,” a result which we
should naturally expect a sliding of onc bed over another to produce. But instances are by no
means rare in which the centrary takes place, the ends of the beds having been erumpled up by the
pressurc of those on the opposite side of the fracture. No satisfactory explanation can yet be
given of the manner in which the forces were brought to bear to produce this contortion.

As rock beds are rarely horizontal over any considerable area, it is of the utmost importance to
understand the effect of faults occurring in inclined beds. If a fault occur in a bed, or set of beds,
dipping in a given direction and at a given angle, the vertical throw produces at the surface an
apparent shift. Suppose, for example, the bed a, in Fig. 20, Plate IV, to dip to the north at an
angle of, say, 25° as indicated in the figure, which is a plan of the outcrop ; and a fault 4 to have
occurred, causing a downthrow to the east. In such a case, the outcrop of the beds will be farther
south on the east than on the west side of the fault, as shown. To the mining engineer, this
circumstance is obviously of great practical importance.

To render the effect of apparent shifts more evident, Jukes, in his ¢ Manual,” which is the most
practical treatise on Geology extant, gives a useful diagram, which we have reproduced in Figs, 21
and 22, Plate IV, If we suppose this to be a section through the bed g, in Fig. 20, running north
and south in the direction of the fault, we may conceive the part b dropped vertically down to e,
and the part d, in the former continuation of the bed, down to e. From this position it is clear that
a vertical throw of the bed aa on one side of the fault will place it as at a'a’ on the other side of
the fault, and that the respective outcrops of the two pieces of the same bed will, after being worn
down to the same level, at the present surface of the ground, which is everywhere a surface of
denudation, be at the points b and e. It is also evident from this diagram that the higher the angle
at which the beds dip, the less will be the apparent shift at the surface due to the same amount of
throw. In Fig. 22, Plate IV., there is the same amount of throw, that is, the distance &¢ is the
same, but the angle having been increased to 60° the distance b ¢ is considerably lessened. Hence
it will be seen that whon the beds lie at a low angle, & small amount of throw will shift the outerop
to very considerable distances, and that when the beds are vertical, however great that amount may
be, it will be almost impossible to detect the fault.

It is obvious from the reluations existing between the dip, the throw, and the shift, or « heave,”
a8 it is sometimes called, that when any two of these are known, the value of the third may be easily
determined. In the practice of surveying, tables are used in which these relations are conveniently
expressed, for ready reference. These tables will be described in a subsequent section.

The apparent lateral shift at the surface demands careful attention when occurring in anticlinal
and synclinal curves, and an examination of its effects on beds so contorted will clearly show that
the positions can be accounted for in no other way but that which we have described, since the
apparent shift takes place in opposite dircctions. If we suppose the Diagram, Fig. 23, Plate IV,
to be a sectional plan of a bed in a synclinal, or in an anticlinal, a downthrow on the right, B, of
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the fracture in the former case, or a downthrow on the left, A, of the fracture in the latter case,
would produce the effects there shown, The example we have given illustrates a simple case; the
effect may be complicated by changes in the angle or the direction of the dip, or in the amount of
the throw.

The faults we have been considering run at right angles to the strike of the beds. But they
may run obliquely to the strike, or even coincide with it. In the latter case, the faults are described
as “strike faults.” Such faults may entirely conceal some of the beds, and thereby lead to erroncous
conclusions as to the succession of the beds. It is possible that strike faults are much more frequent
than we suppose, it being exceedingly difficult to detect them where the order of succession has not
been established, A simple diagrammatic section of a strike-fault will show how some of the beds
become concealed. It is also clear that when the throw diminishes in one direction, the concealed
beds will come out to view in that direction. .

The number and association of faults also demand consideration. When the fault consists of a
single fissure, as the beds must remain joined at the extremities of the fissure, it is evident that
displacement can take place only by the beds bending downwards, or sagging, like a rope or a
flexible rod placed in a horizontal position. In such a case, the deflection or throw will be greatest
in the middle. The character of the beds traversed by the fault may modify this result to some
extent, by producing undulations in the downthrow portion. The strain due to the deflection which
thus takes place frequently causes the fissure to extend itself at one or both extremities in two or
more branches, A fault of this character occurs in the South Staffordshire coal-ficld, where it is
known as the Lanesfield fault.

When the fault consists of two fissures starting from the same point in different directions,
the greatest amount of throw will occur at the angle or corner of ground included within the
intersection of the two fissures. From this point, to the extremities of the faults, the throw will
gradually diminish, as in the preceding case; and the beds will be bent along the line joining .those
extremities. That there may be no bending of the beds, the fault must cousist of at least three
straight lines running into each other so as to form a triangle, or of two curved lines ruuning
into each other, so as to sever the mass from the surrounding beds. Such faults, if they occur at all,
are rare.

Step Faults—Sometimes a long and powerful fault will consist of a number of parallel fissures
at small intervals apart. The total amount of throw may then be divided among the several dis-
located portions, so as to form a series of steps, as shown in Fig. 24, Plate 1V. It nced hardly be
stated that the division of the throw among those portions is rarely, if ever, an equal one. In
some instances two portions are thrown in opposite directions,

Trough Faults,—Sometimes a junction of faults occurs in such a way as to produce what is called
a “trough fault.” Such a fault is shown in Fig. 25, Plate V. The opposite faults, the junction of
which forms the trough, as ac, ¢ may be unequal in throw. In this case, the whole muss of the
surrounding rock undergoes displacement, as may be seen in the figure, by tracing the beds through
their dislocations. When the opposite faults are equal in throw, as de¢, ¢, only the wedge-shaped
mass included between them suffers displacement.

The only satisfactory explanation of the manner in which these faults are formed is that given
by Jukes, which is as follows : “ SBuppose the beds A A, B B, etc., Fig. 26, Plate V., to have been

formerly in a state of tension, arising from the bulging tendency of an internal force, and ong fissure,
F
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F E, to have been formed below, which on its course to the surface splits into two, ED and EC, If
the elevatory force were then continued, the wedge-like piece of rock, W, between those two fissures
being unsupported, as the rocks on each side separated, would settle down into the gap, as shown in
Fig. 27, Plate V. If the elevatory action were greater near the fissure than farther from it, the single
fissure below would have a tendency to gape upwards, and to swallow down the wedge, so that
eventually this might settle down and become fixed at a point much below its previous relative posi-
tion. Considerable friction and destruction of the rocks, so as to cut off the corners, g %, would
probably take place, and thus widen the gap, and allow the wedge-shaped piece, W, to settle down
still farther. When the form of elevation ceased to act, the rocks would bave a tendency to sink
down again, and resume their original positions. But those newly-included wedge-shaped and other
masses would no longer fit into the old spaces, so that great lateral compression might then take
place.” .

When occurring in nature, the results described above will be more or less complicated by the
irregular action of the elevatory forces, and the heterogeneity of the mass through which the fissures
pass ; also the lateral pressure alluded 10 may cause numerous contortions and fractures as the mass
settles down, These effects are clearly illustrated by the section, Fig. 28, Plate V., through the
Staffordshire thick coal at the commencement of a trough fault. Here a wedge-shaped piece from the
rocks above has come down into the coal, and the beds on each side show much crumpling and dislo-
cation as the effects of the consequent lateral pressure. This pressure had reduced the coal on each
side of the fault, for a distance of several feet, to a state of powder. Many of the sections of
the Geological Survey show similar results in other localities. Fig. 30, Plate VI., shows several
examples of faults of dislocation.

Llelation between Inclination of Fault and Direction of them.— Though faults are sometimes vertical,
as at A B, Fig. 29, Plate V., in the vast majority of cases they are inclined at a greater or less angle.
With respect to the direction of the inclination, it has been indisputably established that “no fault
traversing any set of beds will make an acute angle with the same bed on both sides of the fault "
that is, a fault such as that rcpresented at EF, in Fig. 29, cannot occur. Hence we have the follow-
ing invariable rule, the practical importance of which will be obvious.

Rule~—The fault inclines, or “hades,” as it is sometimes termed, in the direction of the down-
throw.

As a corollary of this rule, it may e stated that whatever the inclination of the fault may be,
no portion of any bed will ever be brought vertically under another portion of the same bed.

Denudation—We have already described the effects of currents of water in removing portions of
beds, as results of erosion. When, howcver, the same effects are produced upon a large scale, it is
customary to speak of them as the result of denudation. As all the aqueous rocks have been formed
from the detritus of other rocks, it is evident that denudation must be co-extensive with deposition.
A vivid realization of its nature and its effects is of essential importance to the student of Geology ;
for apart from the production of sediment, and ultimately of sedimentary rocks, it has acted more
than any other cause in fashioning the external contour of the dry land. It is easy to prove that the
present surface has been produced by the removal of great thickness of solid rock. The proof may
be found in the geological structure of a district. Take, for example, the frequent case of an escarp-
ment and an outlier, such as that shown in Fig. 31, Plate VI. The beds ending in the escarpment X,
were evidently once continuous to the outlier Z, and beyond Z, The excavation of the valley Y,
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and the formation of the low country beyond Z, thus isolating the hill Z, are the effects of denuda-
tion. If the whole of the escarpment X and the outlying hill Z had been removed so as to formn a
level surface, the character of the agency that produced it would be equally apparent in the fact that
the surface was formed by the outcrop of the strata. Such surfaces are numerous, and indicate the
removal of an enormous quantity of rock. The actual depth removed cannot be ascertained, but in
some instances & minimum depth may be assigned. In the antilinal A, Fig. 8, Plate II., the dotted
lines represent the portions of the beds 5, 6, 7, and 8, that have been removed to form the prescut
surface. If the total thickness of those beds at their outerop be 1000 feet, it is clear that that depth
must have originally existed above bed 4, the present surface of the ground. But the total depth
removed was even greater than this, becausc there are beds eropping out beyond No, 8, which must
have been covered by them. Another striking indication of the vast effects of denudation is
furnished by the fact that, in most cases, the irregularities occasioned by faults have been wholly
removed from the surface. When it is borne in mind that faults are by no means rare in which the
strata have been elevated or depressed to the extent of 500 or 600 feet, the magnitude of the powers
that have planed down such precipices will be apparent.

To the mining engineer, the action and the effects of denudation are of the highest importance.
In numerous instances, immense sums of moncy have been expended in sinking shafts for coal in
places from which the coal measures have been removed—a circumstance that a little knowledge of
geology would have rendered evident,

Other examples of the effects of denudation are given in Figs. 32 and 33, Plate VI. The
former is a diagrammatic section through a portion of the Cleveland districts, surveycd by the writer
for ironstone. On the right of the figure, at A, the series consist, in the ascending order, of the lower
and middle lias, a seam of ironstone, I, the upper lias, consisting of the jet and alum shales, and a
sandstone capping, representing the lower oolite. At B, the sandstone bed and a portion of the shales
have been removed. At C, the denuded portions reappear; but beyond this, at D), the whole series
down to the lower lias has been carried away. From this example, as well as from Fig. 31, it will
be seen how denudation operates to form hills.

In Fig. 33, Plate VI, we have a section of the county through Trentham Park, in North
Staffordshire, as given by Mr. E. Hull, of the Geological Survey. The beds of quartzose conglome-
rate which come to the surface at A, have undergone denudation. At A', a downthrow again brings
them in; the upper portions of the anticlinal having been worn away, the beds reappear at A”,
where an upthrow separates them from their continuation at A"

UxcoNrorniTy.—The deposition of rock beds takes place, as we have shown, in parallel layers.
This parallelism is not destroyed by any subsequent tilting that may occur. Beds so placed with
respect to each other are said to be “ conformable,” or to lie conformably over each other, When,
however, denudation and subsequent deposition take place, it is easy to see that this conformity
may not exist. If, for example, the escarpment and outlier, in Fig. 31, Plate V1., were removed, and
another set of beds deposited over the surface, these would lie unconformably upon those forming the
surface of denudation. Hence it will be seen that unconformity is a consequence of denudation,
and is of great practical importance, for it is frem it that we derive some of our clearest and most
vivid notions of what may be effected in the process of denudation. An example of unconformity
is given in Fig. 34, Plate VI,, where beds of conglomerate of the new red sandstone rest upon beds
of the permian sandstone,
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“Qverlap ” is a term used to express the greater extension or spread of any set of superior strata
by which they overlap and conceal the edges of those beneath them. In some instances, an overlap
has been mistaken for unconformity, though the two are very different phenomena.

CERONOLOGICAL ORpER oF FormarioN.—Hitherto we have been considering rock beds in their
lithological and petrological relations. It now remains to view them as members of a chronological
series. It is obvious, from the mode of formation of rock beds, that any given bed is of more recent
origin than that upon which it rests, and of more remote origin than that which lies immediately
above it. This fact furnishes us with the means of ascertaining the relative age of any bed or set of
beds. But it is equally obvious, from what we have seen of the effects of disturbing forces and de-
nuding agents, that beds which, in one place, are covered by a vast thickness of other beds, in
another place may form the present surface of the ground. Hence it by no means follows that beds
which lie nearest the surface are of the most recent formation. Extended observation has, however,
established these most important facts, namely, that in some places there exist beds which are
nowhere overlaid by others ; that the beds lying immediately beneath these are nowhere else over-
laid by others; that the next again in succession are nowhere overlaid by any but one or the other,
or by both, of the two former; and so on down through the whole series of sedimentary rocks.
From this we learn that there exists an invariable order of succession. This order is called the Order
of Superposition, and by it we are enabled to determine the relative age of any bed or set of beds.
The practical importance of being able to correctly assign to any set of beds its chronological posi-
tion in the series is very great. To takc a simple example: Suppose we find a surface formed of
the old red sandstone. It would evidently be futile to sink for coal in that locality, because the car-
boniferous beds are of more recent formation than the former, and would, therefore, not exist beneath
them. Or, again, if we are sinking through beds which in geological order lie above the coal
measures, and come unexpectedly upon the old red sandstone, we know that the coal measures were
either never deposited in that place, or that they have been removed by derudation, and that, conse-
quently, it would be a sheer waste of money to continue the sinking deeper.

Having established an order of superposition, it becomes necessary to divide the series of beds
in some manner convenient for reference; and to do this, we very properly look for some natural
divisions. We find, for example, a set of rock beds called the “millstone grit,” and we speak of the
time during which these beds were deposited as the millstone grit age. But the millstone grit
occurs among a group of beds remarkable for the carbon which they contain, either as a constituent
part, or as interstratified deposits. And in speaking of the time during which this group wae
deposited, we designate it as the Carbon Period. Again, it has been remarked that the fossil
remains indicate a natural division. From the most recent deposits, down to a certain point, the
remains are those of species still existing, or of species closely allied to existing species. From this
point down to another point, the remains are those of species differing essentially from those now
existing ; and from the latter point down to the fundamental granite, the species are again different
till they dieappear altogether. It must not, however, be supposed that these points are distinctly
defined. On the contrary, the species die out gradually. But thougl somewhat arbitrarily fixed,
they are sufficiently well defined for practical purposes. These distinctions divide the whole series of
sedimentary rocks into three cpochs, called the Primary or Palaozoic (ancient life), the Secondary or
Mesozoic (middle life), and the Tertiary or Cainozoic (recent life). It is necessary, to clearness of
understanding, that the distinction here pointed out between the expressions “age,” “period,” and
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“ epoch,” should be constantly observed in all geological considerations. Unfortunately, writers on
Geology frequently employ them indiscriminately.

It must be borne in mind that the names given to a set of beds, as the “chalk,” the
“ Kimmeridge clay,” the “old red sandstone,” etc., though in themselves indicative of lithological
character, locality, or some other attribute of some particular variety of rock, are used solely
with reference to time. That is, by the expression the ‘“chalk,” we mean not only the chalk
itself, but all beds of the chalk age. Thesc may consist of black marble, brown sandstones, or
blue slate. In the same way, the old red sandstone may be sandstone in one place, and clay-slat.
in another; and Kimmeridge clay may be found at places far remote from the locality whence it
takes its name,

The divisions of geological time are as follows:

L—PrmMary, ok Parzozoio Erocn. II.—BrooNpary, or Mrsozoic Eroom. III.—TenT2aRY, OB CarNozoto Eroun.
1. The Laurentian Poriod. 1. Tho Trinssic Period. 1. The Eocene Poriod.
2. The Cambrian Period. 2. The Jurassio, or Qolitic Period. 2. The Mioceno Period.
8. The Bilurian Period. 3. The Cretaceous Icried. 3. The Pliocene Poriod.
4. The Devonian, or Old Red 4. The Rocent Poriod.
Sandstone Period.

5. The Carbon Period.
6. The Permian Period.

TABLE OF SEDIMENTARY STRATA.
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SkcoNpary, or Mzsozoic Epoca.

Cretaceous Peri

Oolitic Period.

\

TUpper.

Lower, or Neocomian.

Upper.

Middle.

Lower.

(

e |
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Epper ghdk,m thg lsy%‘rs of Flint.
ower without Flints.
Obalk.  ( Ghqlk Marl,

Ohloritic Marl.

Upper -Greensand; Malm Rock, ete.

( e Gault Clay.

Lowoer
Greensand.
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Hythe Beds.

{ Folkestone Beds.
Atherfield Clay; Speeton Clay.

Weald Clay.
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Lower
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Portland Sand.
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Great
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Fullers’ { Upper Fullers’ Earth £ lay).
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MiddleLias. Msarlstone.
Lower Lias. Clay, Shale, Limestone, and Bone Beds.
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Bed Variegated Marl, and Upper
Keuper Sandstone. P
Lower Kouper Sandstone snd Marl.

(Water Btones.)
Muachel-kalk, absent in Britain.

Dolomitic conglomerate.

Upper Red and Mottled Sandstone.

Pebble Beds, Calcareous Conglo-
merate, and Breccia,

Lower Red and Mottled Sandstone.

Red Marl.
Magnesian Limestone,
Marl Slate.

Lowor Red Bandstone.

Upper Coal Moasures.
Middle Coal Measures.
Pennant Grit,

Lower Coal Measures.
Gannister Beds.

Millstone Grit, or Farewoll Rock.

Upper Limestone Bhalo (Yoredalo
Rocks).

Carboniferous Limostone.

Low-r Limestono Shale.

Upper Devonian, or Barnstaple and
Marwood DBeds, with Petherwin
Limestone in N.E. Cornwall,

Devonian ( Middle Dovonian, or Ilfracombe Beds,

with Fossiliferous Limestones and

Cornstones.
Lower Devonian, or Lynton Beds.

Tilestones or Passage Beds,

Aymestry Limestone.
Lower Ludlow Beds.

{ Upper Ludlow Beds (with Bone Bed),

Wenlock Limestone.

‘Wenlock Shale, Sandstone, and X
‘Woolhope Limestone and Shele, an
Denbighshire Grits, Shales, Slates, and

Upper Llandovery Rocks.
lopw:u.ndovgnoen
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(The Carboniferous Beds of the United
States, as grouped by Professor Rogers, are
a8 follows: Upper Group.—Alternutions of
ﬁf‘h and reddish sandstones, shalos, and

, thinning out westward, Middle .
—In Pennsylvania, soft red shales, and argil-
Inceous red sandstones. In Virginia, blue,
olive, and red cnleareous shales, with thick
red and brown sandstono; light-blue lime-
stones; and buff, greenish, aud red shales, In
the Westorn States, groy and yollow sand-
stones, and light-bluo and yellow sandstones.
Lower Group,—Whito, grey, and yollow sand-
stones, altornating with coarse siliccous con-
glomerates, and dark-blue and olive-coloured
slates. In some places black carbonaceous
slate, and & fow beds of coal.)

Nova ScoriaN SyeTeM.

B g Groyish and reddish sandstones
r ég and shales, bods of conglomerate,

25 | snd thin beds of limestone and coal.

Grey and dark-coloured sand-
stones and shales, with red and
brown beds of samo; coal, iron-
stono, and bituminous limestone.

~

Red and grey sandstones and
conglomeratos, and red and green
marls, with thick beds of gypsum
and limestono,

Lower, or Middle, or
Group.

Gypiferous Good Coal
Group.

—

Catskill Group, or Old Red Band-
stone,

Chemung Group.

Portage Beds,

Genoeso Slate.

Tully Limestone.

Hamilton, or Moscow Shale.
Marcollus Shale.

Upper.

— || pr—— et e —— e

Middle.

Qorniferous Limestone.
Onondago Limostone.
Schoharrie Grit.
Caudigalli Grit.
Origkany Sandstone.

§

Upper Helderberg Group.

Low

Lower Helderberg Group.

Onondago Group.

Medina Sandstones,

{ Clinton Group.
Oneida Conglomerate.
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S Caradoc and Bala Beds. Hudson River Beds.
3 Ga.mdoc, OF ) Sandstono (often Shelly), with Bala TUtica Slate.
_§ Limestone, Shale, and Blate, Trenton and Birdseye Limestones.
P g
] z Llandeil Upslt)s;e Ll:ndexlo Flags, and Lime- { Quebec Group (Limestones).
5 . niere: Trema.d,oo Blates. Calciferous Sandstones.
Lingula - {. Potsdam Sandstones,
\ Bc%s }ngula Flags. { 8t. John’s Group,
Harleck Grits, &o
Turple Blates and Grits (8¢, David's).
E 3 Ll:t!x)berw Grits and Slates,
<'f | Cembrisn. { 7 ongmynda Rocks. Huronian Beds of Cavada.
én" Red Sendstono and Conglomerate
(Scotland).
, Fundmnental Gneiss of the N.W. Bcot- | The Lower and Upper Laurentian Gneiss of
L Laurentian Deriod. land, &e. Caunada

Tae LavReNTIAN Prriop.—The rocks of this period consist of ancient sedimentary strata
which have become highly crystalline. They are very largely developed along the country drained
by the St. Lawrence, in Canada, whence the name has been derived. The rocks of this formation
are the most ancient yet known. The only parallel existing in Great Britain is the gneiss of
the north-west of Scotland.

Tue CamsriaN Prriop.—Next to the Laurentmn in ascending order is the Cambrian Period,
the rocks of which are largely developed in Wales, whence the name. They consist of schists,
grits, and crystalline limestone, and have undergone a less degree of metamorphosis than the
Laurentian serics. These rocks may be seen largely exposed in the hilly ground between Harlech
and Dolgelli, in parts of Caernarvonshire west of Snowdon, and in the Longmynd, a range of
hills on the north-west of Church Stretton, in Shropshire, where they show a thickness of
23,000 feet. The Penrhyn and Llanberis slate quarries are in a band of slate in the upper part
of this series, In Scotland, the rocks which may be assigned to this period are the red apd
purple sandstones and conglomerates which lie to the south of Cape Wrath, upon the gneiss, where
they attain a thickness of 8000 fect. In Ireland, large masses of rock, consisting of dull green,
brown, purple, and liver-coloured slates, like those of North Wales, existing in the mountain
district of South Wexford, the northern portion of County Wicklow, and in the hill Howth, in
County Dublin, have been assigned to this period.

In Canada, the Laurentian gneiss is covered unconformably by a series of sandstones of great
thickness, known as the “ Huronian” beds.

The physical aspects characteristic of Laurentian and Cambrian districts are bold, rugged hills
and mountain ranges, abounding in steep precipices and splintery peaks; deep and narrow gorges,
and outlines marked by that irregularity which is always possessed by slaty formations when
deeply weathered.

Tre S1LURIAN Prriop,—The term Silurian has been apphed to an important series of rocks
first surveyed by Sir R. Murchison in the eastern portion of Wales, formerly inhabited by a tribe
named the Silures. These rocks consist of dark-coloured laminated shales, frequently with lime-
stone concretions, calcarcous flagstones, thick-bedded sandstones, and pebbly conglomerates, finely
laminated micaceous sandstones, shales, and impure clayey limestones, and limestones of a con-
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cretionary structure. They have been divided into upper and lower groups,a division which
holds good wherever silurian rocks have been discovered.

The Lingula flags lie immediately above the Cambrian rocks, westward of the Longmynd,
in Shropshire, and also notably in Caernarvonshire, between the Menai Straits and the crest of
the Snowdon range. They consist of masses of dark slate, often ferruginous, with banded
arenaceous flags, the surfaces of which are spotted with impressions of lingule. The Llandeilo
Jlags consist of beds of dark slate and sandy flags, with occasional bands of sandstone. The series
is more fully developed in North Wales, but the Leds may be well seen near Llandeilo Favor, in
South Wales, whence the name is derived. The Caradoc and Bala beds consist, the former of
brown sandstone, with occasional calcareous bands, the latter of grey grits and slates, much
invaded by igneous rock. They are most fully developed near the town of Bala, in Merioneth.
The Lower Llandovery beds consist of shales, sandstones, and conglomerates. They come in over
the Bala beds, near the town of Llandovery, whence they run in a southerly dircction. At the
same place, the Upper Llandovery beds come in, These are similar to the lower beds in litholo-
gical character, but they are distinct from the latter in lying unconformably upon and overlapping
them. This unconformity is everywherc existent between the upper and lower silurian rocks.
The upper Llandovery beds usually cousist of grey, brown, or yellow sandstones, sometimes
passing into a conglomerate. The sandstones are in some places calcareous., The Wenlock leds
consist, near Llandovery, on the west of the Malvern Hills, at Great Barr, in Staffordshire, and
at May Hill, of grey argillaceous concretionary limestone, interstratified with grey shales. In
North Wales they are composed of coarse brown sandstone, with occasional quartzose con-
glomerates, and interstratified with black slates, passing up into brown flags. These are known
as the Denhighshire grits, slates, and slabs. The Wenlock limestone consists of an irregularly
occurring set of concretionary limestoncs, which are sometimes thin and flaggy, and sometimes
form massive bosses of highly crystalline carbonate of lime. These beds, which are sometimes
interstratified with shales, exist between Aymestry and Ludlow, along Wenlock Edge to Bethnal
Edge, near Coalbrookdale, at the Castle Hill, and Wren’s Nest, near Dudley, near Walsall, and in
the neighbourhood of Usk.

The Lower Ludlow beds are similar in character to the Wenlock shales, consisting of soft
dark sandy shales, with spheroidal calcareous concretions, Locally they are known as *mud-
stones.” The Aymestry limestone is a dark grey limestone, less pure than tho Wenlock limestone.
The latter is called by the workmen of South Staffordshire “the white limestone,” and the former
“the black limestone.,” The Upper Ludlow beds consist of slightly micaceous sandy shale or flag,
or soft argillaccous sandstone, closely resembling the lower beds, of a bluish-grey colour, but
weathering rusty brown or greenish-grey. They pass upwards by insensible gradations into red
sandy flags, locally known as “ tilestones.”

Scotland.—The localities in Scotland where silurian rocks occur are the southern uplands,
which are formed almost wholly of rocks of the Lower Silurian Period, probably of the Llandeilo
age; and the neighbourhood of Kirkudbright, the Pentland Hills, and the valley of the Girvan,
Ayrshire, where representatives of the upper group exist.

Ireland.—In Ireland, lower silurian rocks are found in Wicklow, Wexford, and Waterford,
and in the island of Lambay, and the promontory of Portraine, in County Dublin, Representatives

of the upper group are found in Galway, near Maam, and at the south-west end of Lough Mask;
G2
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at Ughool, near Ballaghadereen, Lisbellaw, south of Ennigkillen, in the Cratloe Hills of Limerick,
and in the Dingle Promontory, in County Kerry.

Tee DevoNiaN AND OLp REp SANDSTONE PrRrop.—Lying immediately above the silurian
rocks is a set of beds to which, on account of their large development in the county of Devon,
the name of “Devonian” has been given. These beds, which consist mainly of schists and lime-
stones, have been divided into the lower, middle, and upper. The lower, or Lynton beds, consist
of red sandstones and conglomerates resting upon the shales and slates. The middle, or Ilfracombe
beds, are formed of grey schists and limestones; and the upper, or Barnstaple and Marwood beds,
are made up of slates, shales, and calcareous bands. In South Devon these beds produce coarse
roofing slates, and in many places consist of red and variegated sandstones and flagstones, The
whole have been greatly disturbed and contorted.

Belonging to the same period, but differing widely in lithological character from the Devonian
rocks, there exists, in the district which gave its name to the silurian formation, a set of beds
of great thickness. These beds are composed mainly of red sandstones. In some places con-
glomerates, limestones, and clays occur, and in others the sandstones may be purple, green,
yellow, or even white; but the prevailing characteristio of the beds is red sandstone. The name
of Red Sandstone has, therefore, not inappropriately been applied to this formation; and to
distinguish it from another formation of red sandstone occurring above the coal measures, it is
called the Old Red Sandstone. In Shropshire, the old red sandstone beds rest upon the upper
Ludlow rocks, and they contain occasional beds of conglomerate, red and green clays, and marls,
with bands of impure arcnaceous limestones, locally known as “cornstones.” The beds dip gently to
the south-east, beneath the Clee Hills, whence they spread to the south-west, through Hereford
into Monmouth and Brecknock, attaining here a vast thickness, and thence into-Caermarthenshire,
where they are tilted up into the vertical position.

Scotland.—The old red sandstone rocks are best developed in Scotland, where they may
be divided into three groups: the lower, the middle, and the upper. Besides these divisions,
they may be regarded as occurring in two types, one existing on the north, the other on the
south, of the Grampian range. The latter is distinguished by an abundance of interbedded
voleanic rock, and a poverty of organic remains; the former by the absence of the igneous
rock, and a comparative abundance of fossils. ‘

In the southern type, the lower group consists of red, chocolate-coloured, and grey sandstones
and shales, with great masses of volcanic rock, and occurs largely in the Sidlaw and Ochil Hillg,
the Pentland Hills, and the country stretching thence into Ayrshire. The middle group is com-
posed of reddish, green, and grey sandstones, flagstones, and conglomerates, with an abundance
of volcanic rock, and may be seen in the south-west of Ayrshire, The upper group consists of
red and yellow sandstones and conglomerates, and is found in Berwickshire, Haddingtonshire,
and Fife. Of these three groups, the lower, as developed in Edinburghshire and Lanarkshire,
rests conformably upon the upper silurian; the upper lies conformably against the carboniferous
formation. and the middle is separated from the other two by an unconformity. In the northern
type the unconformity does not exist. The lower group consists of red sandstones and conglo-
merates, resting unconformably upon the metamorphic rocks of the Highlands. The middle
group consists of grey and dark flagstones, sometimes calcareous or bituminous, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>