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PREFACE TO SECOND EDITION.

—

I HAVE endeavcurcd in this Second Edition of the
Student’s Manual to come a little clocr to my original
conception than I was able to do in the first.

I have to renew my acknowledgments to my
colleague Dr. W. K. Sullivan for assistance in the part
devoted to Chemistry and Mineralogy. Since that
part was printed off, the Glossary of Mineralogy by
another old colleague, Mr. W. H. Bristow, has been
published, a little work which the student will find
most useful to him. Its late appearance prevented
me from availing myself of it except in the compila
tion of the index.

In the other portions of the part which is entitled
Geognosy I have tried to improve the arrangement in
some places, and in others have introduced some new
matter, such as the chapter on Orography. The part
relagting to mineral veins and mining has been kindly
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looked over by my old colleague Mr. Warington W.
Smyth.

An interesting and instructive work on the lead
mines of the Alston Moor district, entitled, “ The Laws
which regulate the deposition of Lead Ore,” has since
been published by Mr. W. Wallace, which the student
will find an important contribution to our knowledge
of this subject, and one dirccting his attention into
what I believe to be the right direction.

My colleague Professor Huxley has again afforded
me his valuable help in the classification of the
Animal Kingdom, and I am also indebted to the books
and the advice of Professor Reay Greene on this part
of the subject.

By the liberality of the publishers T have been
enabled to take advantage of the presence of Mr.
W. H. Baily in Dublin, who compiled for me lists of
characteristic fossils, which, with some modifications,
are those given in the third part of the work. Mr.
Baily also drew on the wood the figures which make
the fifty “fossil groups” by which that part is illus-
trated. To the names of the fossils which are not
figured in them, I have appended references to figures
in other works, choosing, where I could, the most popu-
lar books, such as Lyell’s and Phillips’s Manuals, and
the Tabular View of Characteristic British Fossils pub-
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lished by the Christian Knowledge Society ; but where
no figures exist in such works, I have referred to more
recondite sources, such as the publications of the
Palaeontographiéal Society, Sowerby’s Mineral Con-
chology, Sir R. I. Murchison’s Siluria, and others.
Morris’s Catalogue of British Fossils has necessarily
been my chief guide in selecting these references with
respect to all Post-Silurian fossils, the catalogue by
Morris and Salter in the last edition of “Siluria”
taking its place for those of the previous periods.

I am indebted to my colleague Mr. G. V. Du
Noyer for some sketches, and for the drawing of
some of the diagrams, but most of the latter were
drawn by myself, which will in great measure account
for the roughness of their execution. . This rough-
ness, however, is not altogether undesigned, since
I wished to make them just such figures as a lecturcr
would draw on his black board, and not to lead the
student to believe from any care discernible in the
drawings, that they were intended for actual repre-
sentations of existing objects. A diagram is merely «
condensed explanation addressed to the mind through
the eye, instead of through the ear. If it is in-
telligible, and assists the verbal description, it answers
its purpose; it is a mistake to endcavour to convert
it into a picture, and it is better to avoid anything
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calculated to mislead the mind into the supposition
that it would have been one if the draughtsman could
have made it one.

In drawing up the Index I have followed the
example of Professor Owen in the index to the second
edition of his Palaeontology, and given the explanation
of words derived from the Latin and Greek. I have
also marked the pronunciation of such words as could
possibly require it, by means of the long (-) and
short (.) marks commonly used to denote the quantity
of vowels. ,

In a science of pure observation like Geology, in
which the facts to be observed are of so many dif-
ferent kinds, and where so many obscrvers are at
work all over the world, constant progress must
necessarily be made, as well as continual correction
and improvement.

Any one, therefore, who endcavours to give even
so slight and general a sketch of it as is contained in
this Manual, will not only find that much change has
taken place in it in the interval between the renewal
of his attempts, but that some, perhaps important,
alterations are going on while he is in the very act of
writing.

The student, however, will find, I hope, no im-
portant part of the science entirely neglected in the
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work now placed before him, and something in each
part that may serve to lay the foundation of his
future studies.

I beg leave to add that any criticisms which serve
to correct errors will always be taken as favours,
whether publicly or privately made. I have dis-
covered some mistakes myself while going over the
work for the purpose of compiling the index, and
pointed them out in the “errata.” Others probably
exist which have escaped my eye, independently of
those "arising from imperfect knowledge, or from in-
correct views,

J. BEETE JUKES.
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INTRODUCTION.

——

It is not easy to give an accurate and comprehensive definition
of the science of Geology ; for its nature is so complex and various,
that it is diflicult, in a few words, either to specify its object or to
assign its limits.

It is, indeed, not so much one science, as the application of all
the physical sciences to the examination and description of the
structure of the earth, the investigation of the processes concerned
in the production of that structure, and the history of their action.

‘We might, perhaps, without impropriety, classify all the phy-
sical sciences under two great heads, namely, Astronomy and
Geology. The one would comprehend all those sciences which
teach us the constitution, the motions, the relative places, and the
mutual action of the Astra, or heavenly bodies; while the other
singled out for study the one Astrum on which we live, namely,
the Earth.

Giving this wide meaning to Geology, it would include all the
sciences which treat of the nature and the distribution of the inor-
ganic matter of our globe, as well as those which describe to us the
living beings that inhabit it. These sciences are—first, that of
Chemistry and Mineralogy (which may be called one), which
teaches us what are the elements of which terrestrial matter is com-
posed, and what are the laws which govern the combinations of
those elements into all the variety of known substances, solid, fluid,
or gaseous, and the forms, properties, and qualities of those sub-
stances ;. secondly, the science of Meteorology and Physical Geo-
graphy (which may also be looked on as one), which describes to

B
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us the form and disposition of land, and water, and air, and the
distribution of the temperatures and motions that atfect them ; and
thirdly, that of Natural History (or Biology, the science of life),
incJuding botany and zoology in their widest signification.

The sciences commonly included under the head of Physies,
those which teach us the nature and laws of magnetism, electricity,
light, heat, force, and motion, would be common ground to Geology
and Astronomy, serving to bind together all human knowledge of
matter and its laws into one great whole.

In giving this high place to Geology, I have no desire unduly
to exalt it at the expense of the other sciences. My object is to
shew that this large view of Geology is not only a true, but a neces-
sary one, and that if we do not sometimes look at it from this aspeet,
we cannot rightly understand nor fully appreciate what Geology is.

That it is true, is shewn by the very fact of the late appearance
of geology in the world of science. It was not till some very con-
siderable advances had been made in all the physical sciences which
relate directly to the ecarth, that geology could begin to exist in any
worthy form. It was not till the Chemist was able to explain to
us the true nature of the mineral substances of which rocks are
composed ; nor till the Geographer and the Meteorologist had
explored the surface of the earth, and taught us the extent and the
form of land and water, and the powers of winds, currents, rains,
glaciers, earthquakes, and volcanoes ; nor till the Diologist (natura-
list) had classified, and named, and accurately described the greater
part of existing animals and plants, and explained to us their phy-
siological and anatomical structure, and the laws of their distribution
in space ;—that the Geologist could, with any chance of arriving at
sure and definite results, commence his researches into the structure
and composition of rocks, and the causes that produced them, or
utilise his discoveries of the remains of animals and plants that are
enclosed in them. He could not till then discriminate with cer-
tainty between igneous and aqueous rocks, or between living and
extinct animals, and was therefore unable to lay down any one of
the foundations on which his own science was to rest.
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Neither would it be satisfactory if we were to limit the science
of Geology to any period of the earth’s history ; to assign to it, for
instance, all time previous to the existence of the human race, and
were to unite all the natural sciences under it up to that time, but
then consider it to be brought to an end, or to split up and diverge
into the many independent sciences that concern our cotemporary
existences, whether organic or inorganic. For not only is there no
trace of any hard boundary line between the human and the pre-
human period of the earth’s natural history ; but there appears in
each one of the separate natural sciences a perfect blending and
continuity from the remotest geological era to the present time.
The present is but a part of the past. The inorganic objects we
see around us are the result of processes going on in past time, such
as are still at work producing the same results ; the living beings
around us are either the direct descendants of those that lived
formerly, or their substitutes and representatives, the living and the
extinct forming parts of one great connected series and chain of
species, genera, and orders, each of which parts would be incom-
plete without the other. There is, therefore, no possibility of
making any division in geology such as we are now considering it,
or assigning any limit to its range from the earliest period of the
earth’s ascertginable history to the present moment.

Morcover, as there is no natural science to which the geologist
has not to appeal for information upon some point or otler in his
researches, so there is none which can be fully and completely
studied without the help of the geologist, or without including
facts or theories which are coxfnnonly and rightly reckoned parts of
his peculiar intellectual domain. If he has to call upon the pro-
fessors of each one of the physical sciences in turn, for assistance in
his own investigations, he is sure, sooner or later, to repay the
obligation, by the discovery of a number of facts that enlarge the
boundaries of the science he has applied to, or by the statement of
many problems whose solution throws light upon parts of it that
have been hitherto imperfect and obscure,

The reader must not infer from what has been said, that in
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order to be a geologist, he must be thoroughly acquainted with the
whole circle of the physical and natural sciences. Such universal
acquirement few men have the power to attain to, and of these
still fewer retain the ability and the will to make original advances
in any particular brauch.

No man, however, can be a thorough geologist without being
acquainted, to some extent, with the general results of other sciences,
and being able both to understand them when stated in plain un-
technical language, and to appreciate their application to his own
rescarches. Such a general acquaintance involves neither profound
study, nor requires any great power of mind above the average of
human intellect. It is, indeed, what every well-educated man
ought to possess.

The necessary preliminary to the science of Geology is not the
possession of great and accurate knowledge of the whole circle of
the natural sciences by any individual persons, but that this know-
ledge must exist somewhere. Some man or men must have this
kuowledge, and must be able to combine it, either piecemeal or at
once, with the special knowledge of the geologist, before the latter
can hope to solve the many difficult and profound problems that
arise in the course of his researches.

1t may be said with perfecet truth, that the geologist is less able
than any other student of science to pursue his investigations alone,
and independently of the assistance of others ; but this is, in fact,
only saying in other words that which I am insisting on, namely,
that geology in its highest and widest sense embraces all the phy-
sical and natural sciences, and is, as it were, made up of them.

If, however, this wide scope be properly given to the term
geology, and it be made to include every physical science that
treats of anything belonging to the earth, what, it may be asked, is
the special business to which the geologist devotes himself as dis-
tinct from the follower of other sciences? What is that which he
does, and the others do not? Above all, what is that which he
teaches to the rest in return for the knowledge communicated to
him 1
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The answer to these questions will shew us that there is another
and a more restricted sense of the word geology than the wide and
general one in which we have been using .it. This sense is rather
the one formerly attached to the word geognosy, by which we may
understand the knowledge of the nature and position of the diffe-
rent masses of earthy or mineral matter of which different districts
and countries are composed, without reference to the history of
their production. This was the early and simple meaning of the
word geology, or geognosy, namely, the examination and descrip-
tion of the different varieties of rocks and the minerals they con-
tained. Geology was looked upon in the light of a geographieal
mineralogy, and even yet it is regarded more or less under this
aspect by many persons. No one, indeed, could have anticipated,
from the mere study of masses of stone and rock, where, to a
partial and local view, all seems confusion and irregularity, the
wonderful order and harmony which arise from more extended
observation and the almost romantic and seemingly fabulous history
which becomes at length unfolded to our perusal. To discover the
records on which this history is founded, and to understand their
meaning aright, frequent, long-continued, and wide-spread observa-
tion and research in the field, and patient and conscientious regis-
tration and comparison of the observed facts in the closet, are abso-
lutely necessary.

The collection and co-ordination of these facts is the proper and
peculiar business of the geognost. The ditch, the “cutting,” the
quarry, and the mine, the cliff, the gully, the mountain-side, and
the river-bank, are his “subjects,” that which he has to study, to

" examine, to dissect, to describe the minutie of the structures they
expose, and to classify and arrange the facts they may afford,
depicting their lineaments on maps and sections, and recording
them in written descriptions. The business of the geognost, then,
is to make out, from indications observed at the surface and in
natural and artificial excavations, the internal structure, the solid
geometry, of district after district, and country after country, until
the whole earth has been explored’ and described. If, while so
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doing, he notes all those facts which may enable him or others to
understand and explain how that structure has been produced, he
then becomes a geologist.

It might at first be thought that in order to make out the solid
structure of lands and countries it would only be necessary to
understand the nature of the mineral matters of which they were
composed, and that for this purpose no knowledge of organic or
living beings would be required. It is, however, one of the most
remarkable results of geological science that an acquaintance with
organic, and especially with animal forms, is at least as necessary
for a geologist as a knowledge of minerals, and that a correct know-
ledge of organic remains (portions of fossil plants and animals) is a
more certain and unerring guide in unravelling the structure of
complicated districts than the most wide and general acquaintance
with inorganic substances.

The cause of this necessity, puzzling and paradoxical enough,
perhaps, at first sight, may be briefly stated as follows. When we
come to examine the structure of the crust of the globe we find
that its several parts have been produced in succession, that it
consists of a regular series of earthy deposits (all called by geolo-
gists rocks) formed one after another during successive periods of
time, each of great but unknown duration. Now, the mineral
substances produced at any one period of this vast succession of
ages do not appear to have had any essential difference from those
formed under like circumstances at another. 'We cannot, thercfore,
with any certainty discover the order of time in which the series
of rocks was formed, or the order of superposition which they
consequently preserve with regard to each other, from an examina-
tion of their mineral character or contents only. The animals
and plants, however, living at one period of the earth’s history
were different from those living now, and different from those living
at other periods. There has been a continuous succession of dif-
ferent races of living beings on the earth following each other in a
certain regular and ascertainable order, and, when that order has
been ascertained, it is obvious that we can at once assign to its
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proper period of production, and therefore to its proper place in
the series of rocks, any portion of earthy matter we may meet with
containing any one, or even any recognisable fragment of one, of
these once living beings.

Just as when we find under the foundation-stone of any ancient
building a parcel of coins of any particular sovereign, we know
that the erection of that building took place during his reign, so
when we find a fragment of a known “fossil” in any piece of rock,
we feel sure that that rock must have been formed during the
period when the animal or plant of which that fossil is a part was
living on the globe, and could not have been formed either before
that species came into existence, or after it became extinct.* In
cases, therefore, where the original order of the rocks has been
confused by the action of disturbing forces, or where the rocks
themselves are only at rare and wide intervals exposed to view,
their periods of deposition and consequent succession in super-
position may be more easily and certainly ascertained by the
examination and determination of their fossil contents than by any
other method.

Practically, it has been found that while a very slight acquain-
tance with the most ordinary forms of some ten or a dozen of the
most frequently occurring minerals is all that a geologist must
inevitably learn of mineralogy, the number of fossil animals and
plants, with the forms and the names of which he will have to
make himself familiar, will often have to be reckoned by hundreds.

This branch of geological knowledge is now known under the
name of Palzontology.

Perhaps, however, the tendency of late years has been to
neglect to too great an extent the bearing of mineralogical know-
ledge on geology. There are many subjects on which we have still
to ask the chemist and mineralogist to enlighten us.

One deficiency which is particularly obvious in Britain is the
want of a good and precise nomenclature of rocks, and especially of

* The very rare and exceptional eases in which ancient coins may have been deposited
in the foundation of a receut building, or fossils originally in one rock may have been
washed out of it and buried in another, nced not more than a passing notice.
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igneous rocks. Since the publications of Jameson and Maculloch,
no attempt has been made in English to supply this deficiency,
and to bring up our lithological nomenclature to the present state
of chemical and mineralogical knowledge. Several works, how-
ever, have lately appeared in German, which have treated the
subject of rocks more or less satisfactorily, as those of Nauman, of
Bernhard Cotta, and of Senft. These works have been consulted,
and some of their matter used in the lithological descriptions intro-
duced into this work, while their arbitrary classification and
arrangement of rocks has been made more simple, and, as appears
to me, more natural.

DISTRIBUTION OF THE SUBJECT.

In order to reduce the great subject of geology to something
like order, it appears advisable to divide it into three heads, for
which we may use the terms—1, Geognosy ; 2, Palxontology ; and
3, The History of the Formation of the Series of Stratified Rocks.

This will enable us to describe separately those general facts in
structure which either are or may be common to the rocks of all
ages, and those general laws which regulated the distribution of
life in all epochs of the world's history, and leave us free to give a
condensed statement of the third part without stopping to describe
special instances of gencral facts.

By Geognosy I would understand, then, the study of the
structure of rocks independently of their arrangement into a
chronological series, and I would divide it inte two parts—Lithology
and Petrology. By Lithology I would mean the study of the
internal structure, the mineralogical composition, the texture, and
other characters of rocks, such as could be determined in the closet
by the aid of hand specimens,

Under Petrology I would arrange the larger characteristics of
rocks, the study of rock-masses, their planes of division, their
forms, their positions and mutual relations, and other characters
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that can only be studied in “the ficld,” but without entering on
the question of the geological time of their production.

Under the head of Palwontology I should wish to give the
heads of several great questions as to the laws which have governed
the distribution of life both in space and in time, as also to indicate
some of the chief points in the structure of the more important
extinct races, and their relations to those now living. I shall also
endeavour to point out the practical bearings of this subject, both
scientific and economical.

Having thus described under separate heads facts and gencrali-
sations common to the whole subject, and structures and phe-
nomena which may recur during every geological period, I shall,
under the head of “ History of the Formation of the Crust of the
Globe,” give a condensed abstract of that history, in the form of a
chronological classification, mentioning some of the principal and
typical groups of rocks known to have been produced, and a few of
the more common and best marked fossils which lived at different
parts of the earth during each of the known great periods of its
existence.






PART L
GEOGNOSY.

SECTION .—~LITHOLOGY.

CHAPTER L

CHEMISTRY AND MINERALOGY.

LitHOLOGY, or the study of the mineral structure of rocks, is based on
mineralogy. For a knowledge of mineralogy the student must have
recourse to special works upon the subject, as for instance to those of
Nicol, Dana, Phillips, Miller, Brooke, and Mitchell and Tennant. But
for the proper understanding of mineralogy, some knowledge of chemistry
is essential. This must be gained, not only from books, but from study
in the laboratory. Gmelin’s Handbook, translated for and published
by the Cavendish Society, contains, perhaps, the most full and accurate
details on the chemical part of mineralogy.

In order to understand lithology, however, an acquaintance with the
whole science of mineralogy, though always useful, is by no means
necessary, since the minerals which are the essential constituents of
rocks are very few compared with the whole number of minerals.
There are two methods of studying mineralogy, one giving principal
attention to the external characters and physical properties of minerals ;
the other, laying most stress on their internal chemical composition.
The former gives us the readiest means of determining the different
kinds of minerals, but for investigating the mineralogical constitution of
rocks, the latter is the more important of the two, since it teaches us
not only what the minerals are, but how they were produced. It is,
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therefore, absolutely necessary to understand so much of chemieal
nomenclature and chemical laws as shall enable us clearly to compre-
hend the precise meaning of the termns describing this chemical com-
position.

As, however, geologists, from the very nature of their pursuits, are
unable to devote much of their time to closet study or laboratory work,
unless at the expense of their own more proper field of investigation, I will
here endeavour to assist the student by giving him a condensed abstract
of so much of the elements of chemical mineralogy as may be sufficient
for this purpose.

Every true mineral has a definite chemical composition, and a
certain regular form, each of which is both produced and modificd ac-
cording to general laws,

1. LAws oF COMPOSITION.

A. Simple Bodies—All substances are either simple or compound.
If simple, they are some of the sixty enumerated in the following table,
in which the letters preceding the names are the symbols ordinarily used
for them, the figures following some of them are their specific gravities,
and the italic letters after a few, indicate their ordinary physical state—
¢. meaning gaseous, and I liquid, the rest being all solid.

These simple or elementary substances are arranged in this table by
my friend and colleague, Dr. W, K. Sullivan, in an order adapted merely
to shew the relations which are stated in it. Other orders of arrange-
ment may be used for other purposes. Carbon, for instance, might be
classed with Silicon and Boron, since they are in some respects closely
allied, all three having been found in three states, namely, amorphous,
crystallised in the regular, and erystallised in the hexagonal systews,
and diamonds of Silicon and Boron are known, as well as those of
Carbon.

B. Compound Substances—All other substances are combinations
of two or more of the simple substances contained in Table I. A com-
bination is not a mere mingling of two substances producing a mixture
intermediate between the two, but a wnion producing a third substance
different from either.

These combinations do not take place indifferently, but according
to certain strict rules or laws, of which the two following are the most
important.

1. Elective affinity—One substance will comhine with another in
preference to a third, or, in some cases, in preference to any other.
This preference is denoted by the term ¢ elective affinity.”
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‘TABLE I—List oF ELEMENTARY BODIES. ‘

MeTaLLoins.
Organogens  (forming
tgnimal and vegetable
bodies.)
0. Oxygen. g.
H. Hydrogen. g.
N. Nitrogen. g.
C. Carbon. 3.5
Amphigens (whose com-
pounds with other ele-
ments, possess amaried
dualism, i.e., some
strongly acid, some
strongly basic. Oxygen
is amphigenous also).
8. Sulpbur. 2.0
Se. Selenium. 4.3
Te Tellurium. 6.2
Halogens (forming salt-
like bodies with metuls,
as common salt).
+ F. Fluorine. ¢. ?
t ClL. Chlorine. g.
. Br. Bromine. L.
. L. Todine.

| Phosphoroids.
P. Phosphorous.
As. Arsenic.

Hyalogens  (glass - for-
mers, because the salts
in which their oxides,
Siica and Boracic

| acid, act as acids, fuse
tnto glass at a high
temperature).

B. Boron.

. Si. Silicen.!

o
@ oW

S-3S}

1.
5.

MeTaLs.
1. Which  decompose
water at ordinary tem-
peratures.
(a) Whose protoxides are
alkalies.
K. Potassium.
Na. Sodium.
Li. Lithium.

0.86
0.97
0.59

(b) Whose protoxides are
alkaline earths.

Ba. Barium. 4.0?
Sr. Strontium, 2.54
Ca. Calcium. 1.57

Mg. Magnesium. 1.74

2. Metals whose oxides
are earths.

Al Aluminium.

G. Glucinum.

Zr. Zirconium.

Y. Yttrium.

TbL. Terbium.

E. Erbium.

Th. Thorinum.

2.67
2.10

3. Metals whose oxides
resemble earthas.

Ce. Cerium.

La. Lanthanum.

D. Didymium.

4. Metals whose pro-
torides are isomor-
phous with magnesia.

Mn. Manganese.  8.01
Fe. Iron 7.84
Co. Cobalt. 8.95
Ni. Nickel. 8.82

Zn. Zinc.

(d. Cadmium. 8.60
Cu. Copper. 8.92
PL. Lead. 11.44

5. Metals tsomorphous
with phosphorus and
arsenic.

Sb. Antimony. 6.71

Bi. Bismuth. 9.80

6. Metals not included in
JSoregoing whose oxides
are not reduced by
heat alone.

St.* Tin. 7.29
Ti.* Titanium. 5.33
Cr.* Chromium. 7.01
V.* Vanadium.

W.* Tungsten.  17.60

Mo-* Molybdenum. 8.62
0s." Osminm, 10.00
U. Uranium. 9.0
Ta. Tantalum.
Nb. Niobium.

7. Noble metals, or those
whose oxides are re-
duced by heat alone,
and whech are usually
Jound native, and
rarely or never com-
bined with oxygen.

Hg. Mercury. 13.59
Ag. Silver. 10.53
Au. Gold. 19.34
Pt. Platinum. 21.50
Pd.t Palladiumu, 11.80
Ir.t Iridiam. 21.80
R.t+ Rhodium, 11.20
Ru.t Ruthenium.,  8.60

7.14

! Silicon is now shewn distinctly not to be a metal, but to be nearly allied to carbon in

some of its properties.

It will combine with the metals like carbon, especially with

aluminium, forming cast aluminium, as carbon and iron fonn cast iron.—Comptes Rendus,

1554, p. 321

* Those marked thus have isomorphic relations with the metals that are isomorphous

with magnesia.

t These are found associated in native platinum.
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By mecans of this aftinity some combinations may be decomposed.
If, for instance, there be a compound substance, X, composed of two
simple substances @ and &, of which @ has a greater aflinity for
another simple substance ¢ than it has for &; then, if we bring this
third substance into connection with X, under the requisite conditions,
« will unite with ¢ to form another compound substance Y, wlhile the
simple substance 6 will be left free.

2. Definite proportion—Simple substances not only have an eclective
aftinity for each other, but their combinations take place only in certain
definite proportions with each other.  In that combination, for instance,
of the gases oxygen and hydrogen, which produces water, eight parts by
weight of oxygen combine with one part by weight of hydrogen, any
surplus of either that might be present remaining unused.

Eyuicalents—The numbers denoting these proportions are called
the equivalent numbers, 8 being the equivalent of oxygen and 1 that
of hydrogen* ’

The equivalents of the compound substances are the sums of those
of their elements ; thus the equivalent of water is (8 +1=) 9.

B 1. Prinary compounds—The union of two simple substances is
termed a binary (twofold) compound, or may be called a primary com-
pound, as denoting the first possible combination,

The two substances entering into combination are always considered
as in opposite electrical conditions, one being electro-negative and the
other electro-positive,

The generic name of a primary (or binary) compound is formed by
adding the affix ide (or urctt) to the first syllable of the name of its
electro-negative element, placing after it the name of the other element
with the word of between,  Thus—

The C"::}"O“"d’ Are termed Example, Symbol,

Oxygen. Oxides. Oxide of zinc. Zn O.

Carbon. { Carbides, or car- | Carbide of iron. Fe, C.
burets, Carburet of hydrogen. | H, C,.

Sulphur { Sulphides, or sul- | Sulphide, or sulphuret KS

’ phurets. of potassium. )
Fluorine. Fluorides. Fluoride of caleium. CaF.
Chlorine. Chlorides, Chloride of sodium. Na CL

* Any other numbers having the mtio 8 : 1 would do equally well; accordingly, it is
often found more convenient to make the equivalent of oxygen 100, when that of hydrugen
would become 12,5, for 12,5 x 8 = 100, and so of the rest.

+ Chemists are now gradually leaving off the use of ‘“uret” a8 a termination. The
unions of two metals are called “ alloys;" those, however, with mercury are called
‘“ amalgams.”

e ———
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When it is said that simple bodies only combine in certain definite
proportions, it must not be iuferred that each has only one proportion
of combination ; on the contrary, they may combine in any simple
multiple of that proportion, as twice, thrice, four times, ctc., or even in
one-half or two-thirds of the normal proportion or equivalent. The
names of such compounds are formed by placing a prefix to the generic
name expressive of the number of equivalents of the electro-negative
element in it.

The following Table affords examples of these names :—

TABLE IL

i

I
. When the proportion is as | The prefix is Examples. Symbols.

Dioxide of copper. Cu, O.

Diniodide of copper.  |Cu, L

“} Subchloride of mer- | e (.
cury. (o

Di (half), or
Sub (under).
Proto (first). Protoxide of iron. Fe O.
Sesqui (one . L
and a half). Sesquioxide of iron.  |Fe, O

{ Deutoxide of lead. PbO,.

Binoxide of manga- )
nese.

Bichloride of plati- Pt C1,.

Mu,.
(twice).

T, or ter Tnto\lde of osmium. [0:0,.
, Teroxide of gold. AuO,.

{
{
ba B
{
{

|
i 3:1
: )
: (thricc). l Terclloride of arsenic. |AsCl,.
| ( Tessaroxide of os- 050
i1 Tessara, or miurn. e
’ quadri (four). ! ) Quadri-sulphide of 0sS
osmium, o
Pentachloride of | 15
5:1 Penta (five). { phosphorus. } PCl,
:z,:;’;l:::d’; :)el:”h:: Peroxide of iron. ‘| Fe, O,
the largest number Per Peroxide of hydrogen. |H O,
of equivalents of the ( lote Peroxide of osmium. [Os o,.
electro-negative ele- complete). Perchloride of anti-
ment, whatever that i ,Sb C1,.
number may Le. ) mouny.
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Acids and Buses—These primary (or binary) compounds have dif-
ferent properties, from which they are called acid, basic, or indifferent ;
thus there are ox-acids, sulph-acids, chlor-acids, etc., oxy-bases, sulpho-
bases, chloro-bases, ete, and indifferent oxides, etc.  For our purposes,
Lowever, we may dismiss from consideration all acids except those in
which oxygen forms the eclectro-negative element ; and we may then
state that all acids are either deutoxides or tritoxides, or have a still
higher proportion of oxygen in combination ; that the indifferent bodies
are either sesquioxides, or, at most, deutoxides ; while the bases are
either protoxides or sesquioxides.

It is, however, the bascs, and in part the indifferent bodies, which
are alone termed oxides. The acid compounds have special names,
formed by appending a syllable to the termination, or modifying the
final syllable of the electro-positive element, and adding the word
“acid”  Thus the acid oxide of carbon (CO,) is termed carbonic acid,
and one of the acid oxides of sulphur (S0,) sulphuric acid.

When a simple body forms with oxygen two oxides having acid
preperties, the name of that which contains most oxygen ends in 7,
and that having least in ous. Examples—(S0,), sulphurous acid ;
(80,), sulphuric acid.

At the time of the framing of this nomenclature no bodies were
known forming more than two acid oxidea Others, however, have
since been discovered, and they are described Ly the prefix of Aypo
“ under,” placed before the words ending in é¢ or ous, according to the
relation which it is desired to express.  If an acid be discovered con-
taining more oxvgen than the one previously known, and ending in i,
it takes the prefix per.  Examples—(C1 0), hypochlorous acid ; {C1 0,),
chlorous acid ; (C1 O,), hypochlorie acid ; (C1 O,), chloric acid ; (C1 O,),
perchloric acid.

Many acids have a sharp taste (whence the term “acid” originated),
and have the property of reddening many blue vegetable colouring
matters, such as that of the violet, red (purple) cabbage, litmus, ete.
Such acids are, of course, soluble ; but there are many*which are
insoluble, and exhibit no action upon colouring matters, and have no
sharp taste. Hence chemists no longer consider those properties as the
essential qualities of an acid, and have accordingly agreed to consider
that body as an acid which appears at the positive pole when a salt is
decomposed by the action of a voltaic battery ; or, in other words, an
acid is the electro-negutive constituent of a salt.

Some bascs which are soluble have the property of changing the
blue colouring matter of red cabbage to green, and the bright yellow of
turmeric to brown, and of restoring the blue of litmus reddened by an
acid. But as many substances are considered as bases which do not
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possess this property, chemists have agreed to consider as a lase the
electro-positive constituent of a salt, or that which appears at the negative
pole in the process of electrolysis. Some bodies possess the acid or basic
properties so weakly, that they are capable of acting in either capacity,
according to circumstances, that is, they act as bases with strong
acids, and as acids with strong bases. Such bodies may be termed
indifferent.*® _

B 2. Secondary compounds or salts—Acids and bases form combi-
nations with each other which are termed salts. In these combinations,
the electro-negative element is most usually the same in the acid and
the base, an oxygen acid uniting .with an oxygen base, a chlorine
acid with a chlorine base, and so on. There are, indeed, some salts,
both natural and artificial, composed of unions of different elements,
especially oxygen and chlorine, but for our purpose we may dismiss
from consideration, as before, all acids and bases except those which are
oxides.

Salts, then, or the unions of acid and basic oxides may be termed
ternary compounds, as being combinations of three substances, or
secondary compounds, as being the second possible combinations.

The primary compound substances, acids and bases, combine with
each other in the same way that simple substances do ; that is, through
elective affinity for each other, and in definite proportions with each other.

The unions of acids and bases, therefore, may be expressed in the
same way, and by using similar prefixes, affixes, etc.,, to those which
denote the union of the simple substances.

The name of an oxygen salt is formed by modifying the termination
of the acid, changing “ous” into ite, and “ic” into ate. Example—
Sulphurous acid and soda form sulphite of soda, sulphurie acid and
potash form sulphate of potash.

“ If the acid bave the prefix Aypo or per, it is retained in the name
of the salt—example, hypochlorous acid and soda form hypochlorite of
soda, perchloric acid and potash form perchlorate of potash.

“ Again, the very same acid and base may unite in different pro-
portions, and produce another set of salts. In such cases the one cou-
sidered to be the neutral salt reccives a name formed in the manner
just described, while those which contain more acid or base than it are
distinguished by prefixes, in the same manner as in the combinations of
the simple substances” (Sec Table II.)

Summary—The conclusions we have now arrived at may be summed
up as follows :—

* Alumina is an example of such a substance, as it acts as the acid in spinel, and is sup-

posed to replace silica in some hornblendes, and as a base in alum and in most aluminons
rilicates.
B2
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In the first place, all substances the names of which end in “ide”
(or “uret”), and the acids ending in “ic,” or “ous,” are composed of
two elementary constituents only, their varieties resulting from the
different proportions in which those constituents are combined.

Secondly, all substances of which the names end in “ate” (such as
sulphate, carbonate, silicate), are salts, however hard, insoluble, or
tasteless they may be, the essential character of a salt being that it is
the union of an acid with a base.

We also learn that while there are some substances, each of which
may form many varieties of acid, according to the various multiple
proportions in which oxygen may combine with it, there can be only
two basic varietics of any one substance, that which is called its pro-
toxide and that which is called its sesquioxide. There can then be two,
and only two, sets of salts formed by any one substance and any one
acid, the protoxide and the sesquioxide salts, but that each of those sets
of salts may also have several varieties, depending on the different
multiple proportions in which the acid may unite with the base.

Salt-radicle Theory—1f, however, the above restriction to the use
of the word “ralt” be established, it follows that the chemical meaning
of the term “salt,” is not only different from its ordinary meaning, but
directly opposed to it ; because common salt (Na CL) is not the union
of an acid and a base, but that of two simple substances, sodium and
chlorine, and therefore is a primary compound instead of a secondary
compound or salt.

It appears, however, that this anomaly may be rectificd or evaded
by viewing the combination of an acid with a base as merely a binary
compound of a metal with a salt-radicle, and not as a union with two
distinet molecular groups.  Sulphate of potash, for instance, would be
considered not so much the combination of tritoxide of sulphur with
oxide of potassium, but as a combination of potassium with quadroxide
of sulphur. In this way common salt, chloride of sodium, becomes
strictly analogous to all other salts, as in the following expressions :—

Acid Theory. Salt-radicle Theory.
Sulphate of Potash . . . KO 4 SO, K + SO,.
Nitrate of Potash . . . KO+ 1NO, K + NO,.
Chloride of Sodium . . . Na + CL

In the ordinary use of terms desceriptive of salts, the bases of which
have no special names (like Lime for the oxide of Calcium), the words
“ oxide of” are often omitted, thus sulphate of iron means sulphate of
oride of iron, since in the commonly used nomenclature the simple
substance iron is only supposed to combine with the simple substance
sulphur (producing sulphide or sulphuret of iron), and not with its
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oxygen acid (sulphuric acid), which is ordinarily supposed to require
an oxygen hase.

Relation of the oxygen in the base to that in the acid—In order to
completely understand the terms descriptive of the formation of salts, it
is necessary not merely to look upon them as unions of a base with an
acid, but also to notice the nature of the combination as regards the
proportions of oxygen in each.

“ If we take sulphurie acid (S0,) and potash (KO), for instance, it
is found by experiment that they combine to form a neutral salt, sul-
phate of potash, in such proportionate quantities that the ratio of oxygen
in acid : that in base ::3:1. Chemists have then agreed to consider,
by analogy, all the sulphates of the oxides of the metals as neutral
salts which have the same ratio of —

Oxygen in base : oxygen in acid :: 1 :3.

All neutral salts, therefore, reqnire one additional equivalent of
acid to every additional equivalent of oxygen in the base. If we
represent the metals by the common symbol R, then the following
formulee would represent the composition of the neutral sulphates ;
for—

Oin Oin Ratio of No. of equivalents
base. acid. of base to No. of acid.

Protoxides RO + 80, 1 :3 1 :1
Sesquioxides R_O0,+3S0, 1 : 3 1 :3
Deutoxides RO, +280, 1 :3 1 : 2

“ The ratio of the oxygen in the base to that in the acid varies of
course for every acid, but is the same for all the salts which are con-
sidered neutral that are formed by the same acid with a series of bases ;
thus :—

In carbonates it is as . . 1:2
In chlorates . . . . . 1:56
Ete. ete. :

“ Formation of Silicates.—The salts which silica is capable of ~
forming with the bases are extremely numerous, and are seldom of so
simple a composition as those for which the ordinary nomenclature was
constructed ; hence when the chemical composition of minerals began
to be studied, and chemical names given to them, a somewhat different
system of nomenclature was unfortunately adopted. Thus, those silicates
in which the proportion of acid to base, whether that base were pro-
toxide or sesquioxide was as 1 : 1, were called silicates or monesilicates,
where that relation was 2 : 1 bisilicates, where 3 : 1 trisilicates. Those
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in which the proportion of acid was less than that of a monosilicate
were called swisilicates,

“ If silica be a teroxide (Si O,), then it is clear that what was
called a trisilicate of a sexquioxide should, in harmony with the nomen-
clature just given, be considered as the neutral silicate, and the bisili-
cates and monosilicates as Lasic salts, If, on the other hand, we adopt
the preferable formula Si O,, or consider silica a deutoxide, then the
formerly basic silicate 3 (R O) + 2 (8i O ) would become the monosili-
cate with the much more ximple formula RO + Si O,. The determina-
tion of whether silica be a deutoxide or teroxide was attended with
eonsiderable difficulties ; but the balance of evidence now leans so
strongly in favour of the former, that however the previously used
symbol of Si O, may linger among mineralogists, chemists are univer-
sally discarding it as entirely out of harmony with all the recently dis-
covered facts of the science. Adopting then the formula Si O, for
silica, the following table will represent the general formule for many
of the simple silicates hitherto examined, whether natural or artificial.

TABLE IIL

Relation of

Formule of Sili-

Formnla of Silicates

Oxygen in the Name. P;&:;:{L of Sesquivxides,
! Acid Base.
= j 6 :1 | Trisilicate. RO, 38i0,. |R, 0,980,
£/ 4:1 |Bisilicate. RO,28i0,. |R, 0, 685i0,
22| 3:1  |Sesquisilicate. 2RO,38i0,.[2k, 0,980,
53 } 2:1 | Monosilicate. RO,8i0,. |R,0,38i0,
%25 -
| [ 1:1 |Disilicate, or bibasic.| 2 RO, 81 0,. {2 R, 0,,38i O,.
1:14
' or } Tribasic silicate. 3RO,8i0, |R,0,8i0,.
s | 2:3) S
3 1:2
Z2< or } Quadribasic silicate. | 4 RO, 8i 0,. |[4R, 0,,38i O,.
- 2:4 j
- 2:6 '
| or I Sexbasic silicate. 6 RO, Si0,. 2R, 0,50,
1:3
i _ 4:3 |Two-thirds silicate. |3R0,28i0,. /R, 0,28i0,.
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“ Those silicates of the sesquioxide bases which are underlined, are .
found most frequently, indeed we might almost say exclusively, in the
double silicates of alumina. Such silicates as two-thirds, three-fourths,
etc,, are perhaps not simple silicates, but compounds of other more
simple ones. It may hereafter be found that the number of silicates
which exist naturally in combination is much smaller than has been
supposed.”—W. K. 8.

2. Laws oF Foru.

The definite geometrical form of a mineral is culled its crystal. A
crystal is not necessarily transparent, many are opaque ; the definite
form being its only essential attribute.

Axes of Crystals—The forms of crystals are very numerous, but all
those which occur naturally in minerals may be classed into six systems
of crystallization, depending on the position of the “ axes,” or right
lines about which their faces are symmetrically arranged.

It is obvious that the “ axes” of any body are infinite, since we may
suppose it to be concentrically enclosed in a sphere with an infinite
number of diameters. The “symmetrical axes,” however, are those
only which join similar opposite points of a regular figure, as, for
instance, the centres of opposite faces, the centres of opposite edges, or
the opposite angles or corners of a solid.

A cube has six faces, twelve edges, and eight angles (or corners),
therefore a cube will have thirteen symmetrical axes, namely, three
joining the centres of the six opposite faces, six joining the centres of
the twelve opposite edges, and four joining the eight opposite angles.
(See fig. 1, a, b, and ¢.) In the majority of instances it will be suffi-
cient to sclect those three symmetrical axes which express the ordinary
dimensions of length, breadth, and thickness. It is, however, more
convenient, in one case, to take four axes, since what we may call the
breadth or thickness is equal in three directions.

The six systems of Crystals—These six systems of crystallization
have been very variously named, and also differently numbered, in
different works on mineralogy and chemistry. In drawing up the fol-
lowing list I have been guided chiefly by Regnault’s Crystallography,
Nicol’s Elements of Mineralogy, and the Rev. W. Mitchell’s Crystallo-
graphy in Orr’s Circle of the Sciences.

1. The first or regular, or cubical or octahedral, or tesseral or
isometrical system, has three equal axes-at right angles to each other.
The typical form is either the cube with six equal square faces, or the



22 GEOGNOSY.

regular octahedron with eight faces formed of equilateral triangles.
(See fig. 1, a.)

Fig. 1.
a b c
/
N \ N/
)| P
Y /

2. The second, or square prismatic, or pyramidal, or tetragonal,
or monodimetrical, or two-and-one axial system, has three axes at right
angles to each other, of which only two are equal to each other. Its
typical form is either the right prism on a square base, or the right
double four-faced pyramid, with eight faces formed of isosceles triangles.
(See fig. 2)

3. The third, or hexagonal, or rhombohedral, or monotrimetrical,

! or three-and-one axial system, has
1:? ’f four axes, three of which are
equal and cross each other at
angles of 60° in the same plane,
5 the fourth being not equal with
{ 1 them, and at right angles to them.
Typical form & right prism on a
hexagonal base (see fig. 3), or a
right double six-sided pyramid, with twelve faces formed of isosceles
triangles. The rhomboliedral forms are hemihedral (see next page)
modifications of the latter.

4. The fourth, or rhombic, or rhombic-prismatic, or orthotype, or

prismatic, or one-and-one axial system, has three axes which are not
equal, though all are at right angles to each other. (See fig. 4) Typi-
cal form a right prism on a rhom-
bic base, or right octahedron with a

&5,
2 rhombic base, and cight faces formed
of scalene triangles.
5. The fifth or oblique, or mono-
clinohedric, or hemiprismatic, or
hemiorthotype, or clinorhombic, or

hemihedric-thombic, or two-and-one
membered, system, has three unequal axes, two of which are oblique
to each other, and the third at right angles to the other two. (See
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fig. 5.) The typical form may be taken as the oblique prism on a
rectangular or rhombic base, or the inclined (or obliue) double four-
faced pyramid or octahedron on a rhombic base.

6. The sixth, or doubly oblique, or anorthic, or triclinohedric, or
anorthotype, or tetarto-prismatic, or
tetarto-rhombic, or one-and-one mem- a By 6 5
bered, system, has three axes all
oblique to each other, which may
have any possible relation as to
length. (See fig. 6.) The typical
form is the doubly oblique prism, or
the doubly oblique octahedron or pyramid.*

Holohedral and hemihedral crystals—The first and most obvions
modification of these crystalline forms, is that conscquent upon halving
them. We may conceive in each of the preceding systems a form pro-
duced by the growth of half, instead of the whole crystal, the one called
the hemihedral (from the Greek “hemi,” a half, and “hedra,” a seat or
basis), and the other the holohedral (from the Greck “ holos,” the whole).
There will be sometimes, then, two distinet scries of forms under each
system. The most remarkable, perhaps, of these is the production of
the six-sided rhombohedral forms of the third system from the twelve.
sided pyramids of that system.

Derivative forms.—Other modifications may be derived from the
typical forms in the following way :—

In fig. 1, b, the eight corners of the cube are joined by four axes or
lines passing through the centre of the cube. If now we suppose each
of these eight corners to be truncated (or cut oft) by a plane, at right
angles to its axis, we shall get eight new faces, and if equal portions be
cut away until these new faces meet or touch each other, it will be
obvious that the result will be the octahedron, or figure bounded by
eight sides, which will be equilateral triangles,

In fig. 1, ¢, the twelve edges of the cube have their centres joined
by six axes, and if in like manner each of these edges be truncated by
planes at right angles to the axis, we shall get twelve new faces, and if
equal portions be cut off till these new faces meet or touch each other,
we shall have a regular twelve-sided figure, or dodecahedron formed,
each of its faces being a rhomb.

Or, vice versa, if we have the octahedron or dodecahedron, we may

* Nauman and other chemists now propose to adopt seven systems of crystallization ;
three upright forms with three axes, three inclined forms with three axes, and one hexagonal
with four axes. The crystallization of some artiticially formed substances justifies this
proposal, but the six systems given above include all naturally formed substances,
(Information received from Dr. Sullivan.)
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convert it into a cube by supposing regular increments added to each
face, s0 as to build up the corners or edyes of the cube.

Then, again, we may suppose the above-mentioned increments or
decrements not complete, the cube having its corners or edges cut off
regularly and equally, but not to a suflicient extent for the new faces to
touch each other. We might, for instance, have a cube with portions
of its original six faces remaining, and eight new smaller faces where
the corners were cut off, making a regular figure with fourteen faces, or
if the twelve edges were so cut, we might have a regular figure with
eighteen faces.

Still further modifications may be formed by the superposition of
one of these modifications on the faces of another, as we may imagine,
for instance, the pyramidal end of an octahedron growing out of the
face of a cube.

What is true of the first, is equally true of all the other systems.

The student may now understand how the almost infinite diversity
of natural forms may be reduced to a comparatively simple system, by
seeing how a few regular moditications of simple and regular forms will
result in a wonderful complexity of geometrical figures,

Mucles—There are, moreover, forms produced by twin erystals, the
principal axes of which cross each other, either at right angles or at
some other definite angle, thus producing crvstals in the form of a
cross, or half a cross, either rectangular or oblique,

Cleavage—All crystals have a natural cleavage or tendency to
split and produce perfectly smooth faces parallel ecither to the faces
of the original typical form or to some of the faces thus produced
by regular and symmetrical modifications of that form. It iz by
taking advantagze of this natural cleavage that hard gems are cut by
juwellers,

Tsomorphism, Dimorphism, and Allotropism—It has been said that
all minerals, properly so called, possess a definite chemical composition,
ie., are made up of precisely the same ingredients in exactly the same
proportion ; and also a definite form, that is, are either one of the
primary or typical forms mentioned above, or a madification of one of
those forma,

We have now to modify this statement, since it has been found that
there are certain groups of substances which can be substituted for each
other, under eertain conditions, without. producing any noticeable change
of form in the crystal of the mineral, and also that some substances,
retaining the same chemical composition, do, under certain conditions,
assume more than one definite form.

Different specimens then may contain different proportions of the
same ingredients or even different ingredients, and yet retain the same
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form, and remain the same mineral, provided the variation occurs only
among these groups of substances.

Substances possessing this power of replacing each other are said to
be isomorphous, or “ retaining the same form” (from two Greek words,
“is0s,” equal, and “ morphe,” form). Among the substances mentioned
at p. 30 in Table V., for instance, potash, soda, lime, magnesia, protoxide
of iron, and protoxide of manganese (all being simple oxides), are iso-
morphous. Alumina and peroxide of iron, again (hoth sesquioxides),
are isomorphous. One consequence of this law is, that we find con-
siderable differences between the different analyses of the same mineral,
according as each specimen analysed, contains more or less of different
isomorphous substances. It is hence necessary always to reduce the
analyses of minerals to a theoretical or normal formula, which groups
the isomorphous bases together, and points out the relations of the
group to the acids present in the mineral. Such a group of bases is
commonly denoted by the letter R in chemical formula*

* “One of the best examples of isomorphism is presented by the various alums, of
which there are no less than twelve, all of which crystalise in regular octahedrons, and may
be represented by the folowing formula :—

RO, 8O, + R;0,, 8 SOy + 24 HO.
Now, in this formula, RO, the protoxide base may be any one of the three substances KO
(potash) ; Na O (soda), NH,O (oxide of ammonium) ; and R,0s, the sesquioxide base may be
any one of the four substances AL;O; (alumina), Fy0y (sesquioxide of iron), CryQOq (sesqui-
oxide of chromium), or Mn,0; (sesquioxide of ). There are, therefore, 3 x 4 =12
possible combinations.

Perfectly isomorphous bodies or isofomes are those which have the same crystalline form,
and similar formule, and equal atomic volumes. The conditions for perfect isomorphism
can only be fulfilled in crystals belonging to the regular system.

Those in which the last conditions are only partially, or not at all fulfilled, are said to be
homoiomorphous. The replacement of an equivalent of one body by a multiple of the
equivalent of another, is termed polymeric isomorphism. Thus, for example, according to
Scheerer, 3 Ho (3 equivalents of water) can replace Mg O (nagnesia), without changing the
form.

Heteronomic isomorphism i8 that kind of homofomorphism in which the condition of
equal atomic volumes is fulfilled by dividing the unequal atomic volumes of two homoio-
morphous bodies by the number of atoms in each compound. Dana has applied this property
to connect together different formulee. The analysis of some minerals led to the following
general formule ; and from them were calculated the d atomic vol —

No. 1. (RO); (8i O3)g + 3 (Rg O3, 8i 05) = 1808.
No. 2. (RO); (Si Og)y + 8 (R Oy, 8i Og) = 3018.
No. 3. (RO) (Bi Oy) + 4 (R Oy, 8i Oy) = 1850
Now No. 1 contains 41 atoms and 1808 - 41 = 44.
And No.1 68 ,, and 8013 - 68=44.
AndNo.8 ,, 42 ,, and 1850 42 =44,

The conditions of equal atomic volume were thus fulfilled.

Homoiomorphism has a very extended meaning, according to some persons, and is not,
according to them, like true isomorphism, confined to forms of the same system alone, but
mly exist between forms belong'lngto two different systems. Thus, for example, orthoclase

tash feld phous with albite or soda feldspar, though the former
belonp to the nm: and the latter to the sixth system.”—(W. K. 8.)

C
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Dimorphism (from the Greek “dis” twice),* is the property which
some substances have of crystallizing in two different forms belong-
ing to two ditferent systems of crystallization. These different crystals
of the same substance vary not only in external form, but often also in
density, hardness, etc.

They thus form different minerals, and go by different names,
although they have essentially the same chemical composition.t

This assumption of a ditferent form in the same substance often
scems to depend on the difterent circumstances of temperature, etc.,
under which the crystals have been produced. “It is often remarked
that crystals which have been formed at high temperaturcs, and which
were perfectly transparent at the moment of their production, become
opaque and pulverulent after a short time. Disaggregation ensues,
because the molecules have a tendency to arrange themselves differently,
in accordance with the forces which prevail at less elevated tempera-
tures. It is often possible, when this alteration has occurred, to
distinguish, with the aid of a magnifier, that the mass is formed of
small rudimentary crystals possessing the form which the substance
affects at ordinary temperatures.”— Regnault.

A mineral, then, when composed of a substance possessing the
property of dimorphism, might have an external crystalline form
belonging to one system, while internally it is made up of crystalline
particles belonging to another system.

Carbonate of lime erystallized from cool solutions takes the form of
Calcite, but if their temperature exceed 150° it will become Arragonite.
On the other hand, crystals of Arragonite heated by a spirit lamp,
decrepitate and fall into powder, which consists of grains having the
form of Calcite.

“Jodide of mercury, when freshly sublimed, is of a lemon yellow
colour, but it gradually becomes scarlet as it cools, or suddenly if
vibrated or pressed, or if the surface of a mass of erystals be scratched
with a pin. A similar change of colour is observable in many cases
where no dimorphism has been traced, because the substances have not
crystallized in both states. Sulphide of mercury, for example, obtained
by precipitating a salt of mercury with sulphide of hydrogen, is black,
but when sublimed it constitutes cinnabar, which in powder forms the
pigment vermillion. The change in colour is often accompanied by
changes in other properties, and such changes also occur without any
change of colour.

* The student will recollect that the syllable “ di” may either mean ‘‘twice” or ‘“ half,”
according s it is derived from Greek or Latin.

t Bumne bodies are even capable of assuming three incompatible forms, and are therefore
said to be trimorphous.  Of these, sulphate of uickel is au example.—(W. K. 8.)
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Allotropism.—* This madification in the properties of a hody, not
resulting from chemical combination, has been called by Berzelius
allotropy (from the Greck ¢ allotropos,” that which can be turned from
one thing into another). Dimorphism is mercly a particular case of
allotropism, of the influence of which many other examples might be
given did space permit.

“The glassy structure of bodies is connected with these phenomena.
Most of the siinple silicates of lime, iron, ete. (except perhaps the very
basic silicates of lead), even when formed into perfect glass, do not
retain that form, a crystalline structure being developed in them.  But
a mixture of such silicates forms true glassy masses, which remain
permmanently in the glassy state.  Even in these, however, if kept in a
soft state for a long time at a high temperature, a species of cerystalliza-
tion takes place, which is termed devitrification. This was at one time
supposed to be the result of a separate crystallization of the simple
silicates, but is probably only depending on the allotropism of the
niixture, .

“The amorphous condition of badies would, in like manner, appear
to be in some instances connected with allotropism.  Many substanees
which are classed as amorphous exhibit a tendency to assume globular
structures, which may perhaps be considered a third form, in addition
to the glassy and crystalline states.  Thus, for instance, carnelian,
when polished and plunged into liquid hydrofluorie acid, is acted upon,
and its surface in a short time exhibits the concentric layers so charac-
teristic of agates.

“ A peculiar kind of allotropism is observed among several metallic
peroxides, as also several salts, silicates, etc., that, after being heated to
a certain point, they cease to be soluble in acids, and this independently
of the fact of those that are hydrates losing their water.

“This seems to be connected with the fact that Silica, for instance,
is soluble in water in one allotropic state, and insoluble in another.
It has quite recently been discovered that even alumina and sesqui-
oxide of iron can be got in such a state as to be soluble in pure water
or in weak acids, while at the same time they are insoluble in strong
acids—(See Journal of Chem. Soc.,, vol. vi. p. 217—Walter Crum’s
paper on alumina ; Pean de St. Gilles on iron, Compt. Rendus, tom. x1.
I'p- 568 and 1243.)

“When we consider these facts, and reflect on the numbers of
bodies that are susceptible of an allotropic condition, and recollect that
heat is evolved as a body passes from one state to another, especially, if
indeed it be not always, in passing from the less permanent to the
more stable condition, and that a difference of specific heat exists between
different allotropic conditions of bodies, we cannot help believing that
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a light is dawning upon us that must inevitably modify our explana-
tions of the chemical phenomena of geology.”—W. K. 8.

Metamorphism from “ meta” signifying change and “ morphe” form,
and peeudomorphism from  pseudos” false, are most interesting and
important divisions of this subject, but they will be considered in a
future place. A particular kind of pseudomorphism, called paramorphism,
will also be hereafter alluded to, and in connection with that, the
paragenesis (from ¢ para” “side by side with,” and “genesis” generation)
of minerals in rocks.



CHAPTER 1L
ROCK-FORMING MINERALS.
Let us now select from Table I the following fifteen simple sub-

stances, which are more especially necessary for the study of lithology,
and arrange them in Table IV. with their symbols and equivalents.

TABLE IV.
Symbol. 8imple Substances. Equivalent Number.
1 o Oxygen : 8.00
2 H Hydrogen 1.00
3 C Carbon 6.00
4 8 Sulphur 16.00
5 Cl Chlorine 35.51
6 Si Silicon 14.22
7 K Potassium 39.17
8 Na Sodium 23.21
9 Li Lithium 6.54
10 Ba Barium 68.63
11 Ca Calcium 20.16
12 Mg Magnesium 12.67
13 Al Aluminium 13.69
14 Mn Manganese 27.61
15 Fe Iron 28.08

Of these simple substances the first five combine variously with
each other and with the other ten to produce various primary
compounds.

In what follows it must be understood that the attention is confined
solely to those substances which commonly occur in rocks, those which
are truly rock-constituents. With this limitation strictly borne in mind
we may say that No. 1 Oxygen combines with all the rest, one after
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another, to produce the most common substances we know, all, namely,
except the last, in the following Table V.

Nos. 2 and 3, Hydrogen and Carbon, uncombined with Oxygen, are
found only in organic products, and in those mineral substances which
are derived from organic products, and do not enter into combination
with any of the rest to produce rock-forming minerals. Sulphur No. 4
in combination with iron (bisulphide of iron, iron pyrites), frequently
oceurs in rocks, but cannot be said to be one of their constituent
minerals. Chlorine No. 5 is found in combination with one only of
the succeeding substances to produce a rock-forming mineral, namely,
with sodium, to produce chloride of sodium or rock-salt.

TABLE V.
. Equiva-
Name of Number of Equivalents of gf‘ 8::::‘_ lent of
Primary Compound. Simple Substances. Com-
pound. pound

1. Water. . . .|1ofoxygentol of hydrogen |HO 9.00
2. Carbonic acid .| 2 »” 1 of carbon cO* | 22.00
3. Sulphuric acid .| 3 ” lof sulphur |[SO* | 40.00
. Siido acid (°’} g ,  lofslion |SiO' | 30.22

; ilica)

. 5. Alumina . 3 » 2 of aluminium | A’ 0* | 51.38
6. Peroxide of iron| 3 » 2 of iron Fe? O | 80.16
7. Potash 1 » 1 of potassium |K O 47.17
8. Soda . 1 » 1 of sodium NaO | 31.21
9. Lithia . 1, loflithium |LiO | 14.54

10. Baryta 1 » 1 of barium Ba O 76.53

11, Lime . 1 ” 1 of calcium CaO | 28.16

'12. Magnesia . 4 ” 1 of magnesium | Mg O | 20.67

13 Prl‘:;’]’]‘;‘;‘;ese".f} 1,  1ofmanganese |MnO | 35.61

14. Protoxide of iron | 1 » 1 of iron FeO | 36.08

| Chloride of
i sodium) .

15. Rock ralt (or
} 1 of chlorine to 1 of sodium |ClNa | 58.72

By examination and comparison of the two Tables IV. and V., it will
be seen that the first five substances of Table IV. are the active sub-
stances which can combine directly with others. The other ten do not
enter into combination with each other until they have first been
vivified, as it were, by a union with the most active substance Oxygen.
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Even then the simple oxides do not combine with each other, but only
with those substances as Silica, which have reccived at least a double
dose of Oxygen (or are deutoxides), or more feebly and rarely with
the sesquioxides, as Alumina.

Even among those first five, combinations with Oxygen are more
frequent than those with the other four, and more tirm in proportion
to its quantity. Combinations with water (H O) for instance, are more
frequent than those with hydrogen, those with carbonic acid (C O,)
more frequent than those with carbon, and the carbonates are decom-
posed by the action of sulphuric acid (S Oy) much more readily than
the sulphates by carbonic acid.

In the preceding Tuble V. will be found a list of all those primary
compounds (or compounds of two elementary substances), a knowledge
of which is essential for lithological purposes, together with the number
of the equivalents of the simple substances of which they are com-
pounded, the symbols representing those equivalents, and the resulting
equivalents of the compounda,

Every mineral which enters as an essential constituent into the
composition of rocks is either one of the simple substances contained in
Table IV., one of the primary compounds mentioned in Table V., or
lastly, a secondary compound or salt made up of the union of two or
more of those primary compounds, or a mixture of such salts, The
following descriptions include all the most important species.

MINERALS FORMED OF SIMPLE SUBSTANCES.

Of the simple substances contained in Table IV., two only are ever
found as miuerals, namely, Carbon and Sulphur.

1. Carbon when crystallized in the first system forms the diamond ;
when in an allotropic state it crystallizes in the third system, it forms
graphite or plumbago. It is, however, only when found in an amorphous
state as a constituent of coal that we need notice it for the purposes of
lithology.

2. Sulphur is found crystalline in minute octahedrons about vol-
canoes, but pure sulphur never occurs as one of the uncombined consti-
tuents of rocks. It belongs to the fourth system, its specific gravity
being 1.9 to 2.1.

MINERALS FORMED OF PRIMARY COMPOUNDS.
Of the compound substances mentioned in Table V., Silica and

Rock-salt only occur in nature as rock-forming minerals.
3. Quartz is formed of pure silica (Si O°). Its crystals belong to
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the third system, their most usual form being a six-sided prism ending in
six-sided pyramids. It also frequently occurs in an amorphous state as a
hard, compact stone, commonly milk white. Its specific gravity is 2.65.

Rock crystal, Bristol, and Irish diamond, etc., are common names
for crystallized quartz,

When coloured by slight admixtures of other substances, as iron,
manganese, ete., quartz goes under various names, according to the
variety and arrangement of colours, state of transparency, ete.

When purple, it is called amethyst; smoky quartz is cairngorm ;
blue quartz is siderite; green quartz, prase; when yellow it is some-
times called Scotch or Bokemian topaz.  Agate, jasper, carnelian, onyz,
sardony.r, catseye, Lydian-stone, bloodstone, chert, and flint, are other
forms of quartz.

Opal is hydrated silica, Z. e., having water chemically combined with
the silica, Menilite and Cacholong are varieties of it ; and chalcedony is a
mixture of quartz and opal.

Siliceous sinter is an opaline silica deposited on the margins of some
hot springs, having been dissolved in the water.

4. Rock-salt (Na Cl) occurs in large masses in some localities, in
beds or veins. It is either amorphous, or more or less completely crys-
talline ; the primary form of the crystal being a cube, and therefore
belonging to the first system.  Its specific gravity is 2.1 to 2.2.

Corundum or crystalline® alumina, and specular iron or crystalline
sesquioxide of iron, would come under this head, but cannot be called
constituents of rocks.

Red hamatite, however, or the amorphous condition of sesquioxide
of iron (Fe, O, scems itself in some places to occur as a rock.—(See
Mems. Geol. Survey, Iron Ores of Great Brit.: Mr. Smyth’s Observations
on the Hamatite of Cundierland).

MINERALS COMPOSED OF A SALT OR A MIXTURE OF SALTS.

We shall take these in the following order, namely—1s¢, the com-
binations with Carbenic acid ; 2d, those with Sulphuric acid ; and
lastly, those with Silicic acid.

CARBONATES.—Of the carbonates there are two only which are of
importance for our purpose, namely, those of lime and magnesia, to
which one of iron may be added.

5. Carbonate of Lime, Calcspar or Calcite, is a very abundant mine-
ral. It is a mono-carbonate, or composed of one equivalent of lime

* When the crystal of Alumina (A12 03) i3 red it forns the ruby, when blue, the sapphire,’
when in powder, it is called emery.
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and one of carbonic acid (Ca O, CO? ; the bicarbonate of lime, which
would be symbolised as Ca O, 2 CO?, not being definitely known.

Its chemical composition is— Percentage. Equiv. At.
Carbonic acid . . . 43.87 = 22.00 1
Lime . . . . . 56.13 28.16 1

100.00 50.16

Its primary crystal is a rhombohedron, belonging to the third system,
but the modifications of this form are very numerous, particular forms
of crystals being often peculiar to particular localities. Count Bournon
published a work containing 700 forms of crystals of calcite, of which,
however, not more than about 56 are essentially distinct from each
other. It is sufficiently soft to be scratched with a knife, and it effer-
vesces freely with any mineral acid, even when very dilute. Its spe-
cific gravity is about 2.7.

When carbonate of lime dissolves in water holding CO® (carbonic
acid), a bicarbonate is supposed to be formed, but on the evaporation of
the water the CO? also escapes, and the simple carbonate alone remains.
If bicarbonate of lime be really produced, it seems to be incapable of
assuming a solid form. Sir R. Kane (Elements of Chemistry, p. 695,
2d edit,) says the solution of carbonate of lime in water containing car-
bonic acid is not due to the formation of a bicarbonate of lime, but to a
specific solvent power which a solution of carbonic acid in water has
on many bodies, as silica, phosphate of lime, etc., which are insoluble
in pure water. Bischof (vol. iii. p. 171) says that carbonate of lime dis-
solved in water containing carbonic acid gas is probably in the state of a
sesquicarbonate, and the same with dissolved carbonate of magnesia.

6. Arragonite is the same substance in a different form, the crystals
belonging to the fourth system, and having many secondary forms.

It is rather harder than calcite, and its specitic gravity rather greater,
being sometimes as much as 3. It not unfrequently contains a small
proportion of strontia.

The importance of arragonite as a constituent of rocks is very slight
compared with that of calcite.

7. Magnesite, or Carbonate of Magnesia, is composed of one equiva-
lent of carbonic acid and one of magnesia (= Mg O, CO?), its normal
composition being—

Percentage. Equiv. At.
Carbonic acid . . . . 52.38 22.00 1
Magnesia ... . 4762 20.10 1

100.00 42.10
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This is by no means an abundant or important mineral, carbonate
of magmesia usually occurring in combination with carbonate of lime to
form the mineral called —

8. Dolom:te (from M. Dolomicu), Bitter Spar, Brown Spar, Pearl
Spar, or Magnesian Limestone.

The chemical composition of this mineral varies according to the
proportions of the two carbonates which are mingled in it. Its normal
composition may be stated as Ca O, CO* + Mg O, CO?, giving the fol-
lowing percentage —

Carbonate of lime . . . . 54.3
Carbonate of magnesia . . . . 45.7
100.0

But the proportions vary greatly, and often indefinitely.

Its hardness and specific gravity are not greatly different from those
of calcite, and its primary crystal is also rhombohedric (third system) ;
but dolomite may be often distinguished from calcite by its peculiar
pearly lustre, and Ly the comparative difliculty and slowness with which
it effervesces in acids.

9. Chalybite (from Chalybs, a Greek word for iron), Spathic iron
ore, iron spar, or spharo-siderite, is a monocarbonate of protoxide of
iron or Fe'O, CO,, having the following percentage :—

FeO . . . . . 614
co, . . . . . 388

100.0

It is harder than calcite, with a specific gravity of 3.83 or 3.87. It
is isomorphous with calcite. Its crystals belong to the third system. It
is mentioned here as forming a constituent of the rock known as clay
ironstone, in which it is mingled with clay in an amorphous state.

SuLPHATES—The ouly sulphate which is of any importance as a
constituent of rocks is—

10. Gypsum (gypsos is the Greck word for this substance), or S«l-
phate of Line—The chemical composition of this mineral is one equi-
valent of lime, one of sulphuric acid, and two of water, being a bihy-
drated sulphate of lime. Its normal formula is Ca O, SO* + 2 HO,
giving the following percentage—

Lime . . . . . . 32.56
Sulphuric acid . . . . . 46.51
Water . . . . . . 20.93

100.00
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Its crystalline system is the fifth or oblique prismatic. It also fre-
quently occurs fibrous, granular, or compact. It is softer than calespar,
and its specific gravity is about 2.3.*

Compact white gypsum is called alabaster ; the transparent crystals
are called selenite.

11. Anhydrite (from the Greek “a” or “an” without, and “ hydra ”
water), is sulphate of lime without water, its formula being Ca O, SO?,
which gives—

Lime . . . . . . 41.18
Sulphuric acid . . . . . 58.82
100.00

It is harder and heavier than true gypsum. Its crystals are called
Muriacite.

The combinations of lime and magnesia with gaseous carbonic acid
may take place at the ordinary temperatures of the air, either directly
from the atmosphere or through the medium of water, and that of lime
with liquid sulphuric acid at any ordinary temperature.

SivicaTes.—In order to induce the solid silicic acid, or Silica, how-
ever, to enter into combination with any of the bases, it is, in the
majority of cases, necessary that the two be mingled together in a fine
state of division, and be subjected to a very high temperature.

For the production of the artificial silicates, glass and porcelain, the
heat of a furnace is necessary. It is useful to remember this fact when
examining the great group of the natural silicates,

The silicates of potash and soda which are the bases of artificial
glass, do not occur alone as natural minerals, though they enter into
the composition of many.

Silicate of lime, however, occurs both as a detached simple mineral
called Wollastonite (after Dr. Wollaston), or Tubular Spar, and as a
constituent of other minerals.

The silicates of magnesia form minerals, which are of more import-
ance for our purpose, of which the four following may be described—

12. Chrysolite (from “chrysos,” gold, and “lithos,” stone), and Olivine,
consists of two equivalents of magnesia to one of silica, having the
normal formula 2 Mg O, Si O which gives the percentage—

Magnesia . . . . . . 56.34
Silica . . . . . . 43.66
100.00

* The gypseous alabaster must not be confounded with the true or Oriental alabaster,
which is a species of stalactitic carbonate of lime.—W. K. 8.
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The crystalline system is the fourth or right prismatic. The specific
gravity about 3.4, harder than felspar, transparent, generally of a
yellowish-green colour. It is infusible before the blow-pipe. Some of
the magnesia is commonly replaced by iron, sometimes as much as 15
per cent,

13. Serpentine (noble serpentine) has three equivalents of magnesia
to two of silica and two of water, having the normal formula 3 Mg O,
2 Si 0* + 2 HO, or 2 Mg O Si 0°) + Mg O, 2 HO), giving the pro-
portions—

Magnesia . . . . . . 42.86
Silica . . . . . . 44.28
Water . . . . . . 12.86

100.00

Specific gravity 2.55, hard as calcspar, translucent, generally of a
green colour and waxy lustre. Fuses at the edges before the blow-
pipe to a white enamel.

Varicqated Asbestos has the same composition.

Schillerspar and Picrosmine have nearly the same composition as
Serpentine.

14. Talc is formed of five equivalents of silica with four of mag-
nesin. Its normal formula may be stated as 2 (Mg O 8i 0% + (2 Mg
0, 3 Si 0%, giving the following percentage—

Magnesia . . . . . . 34.04
Silica . . . . . . 65.96
100.00

It occurs in rhombic and six-sided tabular crystals belonging to the
third system ; specific gravity about 2.7, softer than gypsum, translucent,
pearly lustre, unctuous touch. Splits into laminze before blow-pipe,
and bardens without fusing.

156. Steatite (from “stear,” fat), or Soapstone, has four equivalents of
silica to three of magnesia, or Mg O, 8i 02 + 2 Mg O, 3 8i 0, giving—
Magnesia . . . . . . 32.61
Silica . . . . . . 67.39

100.00

Specific gravity 2.6, soft, unctuous, slightly translucent. Before
blow-pipe fuses at edges to white enamel.

The following silicates of magnesia and lime are of still higher im-
portance.
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16. Augite, or Pyroxene (from “ pyr,” fire and “ xenos,” a guest), is
most probahly a monosilicate of magnesia and lime—that is, it contains
two equivalents of silica to one of magnesia and one of lime, having the
normal formula Ca O, Si O' + Mg O, Si 0% which would give the per-
centage—

Magnesia . . . . . . 18.18%

Lime . . . . . . 25.46

Silica . . . . . . 56.36
100.00

Its crystalline system is the fifth or oblique prismatic. Specific
gravity about 3.4, hardness rather less than feldspar. Fuses with
various degrees of facility according to composition, the magnesia being
often replaced to a large extent by protoxide of iron.

Drallage, or Bronzite, has a similar composition, but the bases are
more numerous and variable, and there is generally present 1 to 4 per
cent of alumina, and from £ to 4 per cent of water.

Iypersthene is also like Augite in its chemical composition, but has
commonly less lime.

17. Hornblende, or Amphibole (from the Greek word “amphibolos,”
doubtful), is a compound of 6 equivalents of silica to 5 equivalents of
base ; having the forinula 3 (Mo, Si 0%), + 2 Mo, 3 Si O where the base
Mo denotes a variable mixture of magnesia and lime, and the protoxides
of iron and manganese.

Alumina is often present either as an aluminate of magnesia, or an
aluminate of iron ; not unfrequently fluoride of calcium also occurs.
The composition varieg much, within certain limits, as may be seen from
the following three analyses given by Gmelin :—

Lime . 13.19 9.82 1441
Magnesia . 18.84 12.85 15.44
Iron, protox. 7.77 19.19 9.056
Silica . 46.53 50.71 47.86
Alumina . 12.10 7.01 13.24
Fluoric acid 1.57 0.42

100.00 100.00 100.00

* Analyses by Wackenroder, Bonsdorf, and Rose, come sufficiently near to this normal
formula to warrant us in stating it as a good theoretical idea of augite. In fact, both lime
and magnesia are variously replaced by oxides of manganese and iron. Many augites also
contain alumina, and may then be looked on a8 mixtures of (say) 5 atoms of true augite with
one of some kind of garnet.

)
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Crystalline system the fifth or oblique prismatic. Specific gravity
about 3.2 Hardness less than feldspar. Colour dark green, almost
black sometimes. Befure blow-pipe readily swelling up, and fusing to
a dark glass.

Tremolite has a similar composition ; a specific gravity of 2.93, and
fuses with difficulty to a colourless glass.

dctinolite, similar composition ; specific gravity 3.03 ; coloured green
by chromium and iron.

Anthoplyllite, similar composition ; specific gravity 3.2 ; fuses with
great difficulty to a blackish-gray glass,

Ordiary Ashestos, Amianthus (Greek words signifying “ indestruc-
tible” and “ unpollutable”), Wood-ashestos, Petrified Cork, Byssolite, etc.,
consist of tremolite, actinolite, or common hornblende, in a very fine
fibrous state,

“ When one atom of lime is fused with one atom of magnesia and
two atoms of silica, or one atom of lime with two atoms of magnesia and
six of silica, and the mass very slowly cooled, it crystallizes in the form
of augite. The first mixture yiclds a mass resembling ordinary augite ;
the latter a mass like augite from Finland. In the cavities of a slag
from an iron furnace, fed with a hot air blast, Noggerath found artificial
crystals of augite.”—G'melin, vol. iii. p. 402.

“ (. Rose (Pogg. 22, 321) considers that augite and hornblende belong
to the same class, and for the following reasons :—the angles of either
of these minerals may be reduced to those of the other ; crystals are
found in the form of augite with the cleavage of hornblende ; when
crystals of horublende and augite have grown together, their axes are
parallel ; the specific gravity and composition of the two minerals are
identical ; if the fused mass is rapidly cooled, it assumes the appearance
of augite, and if cooled slowly, it scems to crystllize in the form of
hornblende.  When, therefore, both are found together, the hornblende
surrounds the crystals of augite, which are the first produced.  From
this cause hormblende is accompanied Ly quartz, feldspar, albite, and
other minerals which are formed by the slow cooling of molten masses ;
augite, on the contrary, is found with olivine, which crystallizes by
rupid cooling.  For the same reason, slags, from being too quickly
cooled, yicld only crystals of augite. According to Mitscherlich and
Berthicer, also the fusing together of lime, magnesia, and silica, yields
white crystals of augite, but none of hornblende ; and even tremolite,
fused by Mitscherlich and Berthicer in a charcoul crucible, or actinolite,
by G. Rose, in a platinum crucible in a potter’s furnace, solidified to a
mass consisting of distinct crystals of augite—(G. Ruse). It is remark-
able that hornblende is always richer in silica than augite.”—Gmelin,
H. B, vol. iii. p. 408,
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Cralite—* Scheerer has used the law of paramorphic pseudo-
morphism to explain the structure of this mineral, which, with the
composition of hornblende, has the external form of augite, and very
often a crystal of true augite within it, while the external layer exhibits
the cleavage, and all other properties of hornblende.—W. K. S.

The silicates of alumina are a still more important and numerous
class than those of magnesia, especially those which are combined with
silicates of potash, soda, lime, magnesia, etc.

Collyrite and Opaline Allophane are hydrated silicates of alumina, in
which there is one equivalent of silica to two of alumina.

18. Andalusite and Chiastolite (andalusite from “ Andalusia” ;
chiastolite from the Greek letter * chi,” which it resembles in form),
are anhydrous silicates of alumina, andalusite having the normal formula
Al* 0, Si 0% and the percentage of—

Alumina . . . . . . 62.38
Silica . . . . . . 37.62

100.00

Crystals right rhombic prisms of the fourth system. Specific
gravity, andalusite, about 3.1 ; chiastolite, about 3.0. Andalusite harder
than quartz ; chiastolite softer than feldspar. Infusible.

19. Staurolite (from * stauros,” a cross, and “ lithos,” stone), has
two equivalents of silica to three of alumina ; one of the latter, how-
ever, being generally replaced by one of peroxide of iron. Its normal
formula is 2 Al* 0%, Fe? O* + 2 Si 0% giving the percentage of—

Sesquioxide of iron . . . . 17.6
Alumina . . . . . . 51.4
Silica . . . . . . . 31.0

100.0

It belongs to the fourth, or right prismatic system of crystallization.

The crystals frequently intersect each other in the form of a cross,
whence its name. Specific gravity 3.5 to 3.8 ; harder than quartz.
Translucent ; dark red, or brown. Fuses at the edges to a black slag.

Clay, when pure, is a hydrated bisilicate of alumina. .

Bole is the same, with part of the alumina replaced by peroxide of
iron.

We pass over several minerals which occur rarely or in unimpor-
tant quantities, and come to

20. Chlorite (from “ chloros,” green like a growing plant), which is
a compound of four equivalents of silicate of magnesia with 1 of silicate
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of alumina and 3 of water. Its normal formula is 4 My O, Si O
+ Al 0?, 8i O’ + 3 HO, giving—

Magnesia . . . . . . 25.47
Protoxide of iron . . . . 1494
Alumina . . . . . . 21.81
Silica . . . . . . 26.32
Water . . . . . . 11.46

100.00

Crystalline system the third or rhombohedral. Specific gravity
about 2.8 ; soft, dark green, nearly infusible.

21. Biotite, Uniaxal or Magnesia Mica, has & similar composition
for its principal varieties. The following gives the composition de-
duced from some analyses—

Potash . . . . . . 8.44
Magnesia . . . . . . 16.14
Protoxide of iron . . . . 13.46
Peroxide of iron . . . . 6.67
Alumina . . . . . . 13.10
Silica . . . . . . 42.19

100.00

Crystalline system the third or rhombohedral. Specific gravity
about 2.8 ; hardness between gypsum and calecspar. Dark green or
brown, inclining to black ; translucent. Fuses pretty easily to a semi-
opaque glass,

Orthite has a somewhat similar composition, but contains a very
variable quantity of water.

22. Vesuvian, or Idocrase, is a silicate of lime, combined with a
silicate of alumina, having the formula 3 Ca O, 2 Si O* + Al’ 0%, Si 0,
some of the lime being replaced by magnesia and protoxide of iron,
giving the following analysis—

Lime . . . . . . 32.26
Magnesia . . . . . . 2.43
Protoxide of iron . . . . 3.80
Alumina . . . . . . 19.93
Silica . . . . . . 40.58

99.00

It belongs to the neco.nd, or square prismatic system. Specific
gravity = 3.3 to 3.4; harder than feldspar. Transparent, yellowish-
green, swells up and readily fuses before blow-pipe.
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23. @Qarnet is similar in composition to Vesuvian, but is dimorphous
with it, belonging to the first or regular system of crystallization. Both
the lime and the alumina, however, in the formula for Vesuvian, may
be replaced by magnesia, manganese, and iron, and the analyses vary
accordingly. We have, therefore, calcareous-alumina garnet, which pre-
dominates in Cinnamon stone ; magnesio-alumina garnet in the black
garnet of Arendal ; manganesio-alumina garnet in a North American
variety, and one from Brodbo ; ferruginous alumina garnet in Oriental
Almandine and other red varieties of precious garnet ; and calcareous
iron garnet in the ordinary yellow, brown, and black garnets, and in
Melanite.

Specific gravity varies from 3.4 to 4.3, rather harder than quartz,
transparent, of various colours, fuses readily into a transparent glass,

24. Epidote has three equivalents of protoxide bases to two equiva-
lents of alumina, having the formula 3 (Ca O, Mg O, Mn O, Fe 0), 2
Si 0* + 2 (Al? 0%, Si 0.

The protoxide base is lime in Zoisite or calcareous epidote, replaced
in large measure by iron in Pistacite or ferruginous epidote, and by
protoxide of manganese in manganesian epidote. In the two latter,
part of the alumina is also replaced by the peroxides of manganese and
iron. Epidote has for its primary crystal a right rhomboidal prism,
(fourth system). Its specific gravity is 3.0 to 3.5 ; harder than feld-
spar ; fusible before the blow-pipe.

25. Prehnite has two equivalents of a silicate of lime to one of a
silicate of alumina and one of water, or 2 (Ca O, Si O°) + Al’ 0%, Si
0* + HO, giving—

Lime . . . . . . 26.74
Alumina . . . . . . 24.55
Silica . . . . . . 44.41
Water . . . . . . 4.30

100.00

It appears then that Prehnite is a hydrated Epidote.

Crystalline system the fourth or rhombic, specific gravity 2.92,
hg;er than feldspar, translucent, of a light colour, fuses to a blistered
g

Many varieties of uniaxal or magnesia mica appear to have a some-
what similar composition, the protoxide bases being Mg O, KO, Ca O,
FeO. It has not been yet satisfactorily shewn whether the water
which mica contains, is an essential constituent; the same remark
applies to the fluoride of calcium which it also contains.

26. Scapolite, or Wernerite, is CaQ, SiO* + A’ 0%, Si O, that is,
a silicate of alumina with a silicate of lime, giving the percentage—

c2



42 SILICATES OF ALUMINA.

Lime . . . . . . 19.80
Alumina . . . . . . 36.36
Silica . . . . . . 43.85

100.00

Crystalline system the second or square prismatic. Specific gravity
2.7 ; softer than feldspar. Colourless and translucent. Fuses before
blow-pipe.

Anorthite has a similar composition ; small portions of the lime
being replaced by potash, soda, and magnesia.

" Palagonite is an amorphous highly hydrated Scapolite.

27. Rhyacolite (from “rhyax,” a stream, i.e. of lava) consists of one
equivalent of silicate of potash, soda, or lime, and one of a silicate of
alumina ; or (KO, NaQ, CaQ) SiO* + AlI'O% 2 Si O}, giving the
percentage—

Potash . . . . . . 6.58
Soda . . . . . . 11.60
Lime . . . . . . 1.30
Aluminh . . . . . . 28.66
Silica . . . . . . 51.86

100.00

Its crystalline system is the fifth, or oblique prismatic. Specific
gravity — 2.6. Before the blow-pipe, fuses rather more readily than
feldspar (orthoclase).

28. Pinite has one equivalent of silicate of potash, or protoxide of
iron, to one of bisilicate of alumina, and also contains water ; or (KO,
Fe O0) Si 0* + Al' 0%, 2 Si O + HO, giving—

Potash . . . . . . 12.42
Protoxide of iron . . . . 9.26
Alumina . . . . . . 27.04
Silica . . . . . . 48.92
Water . . . . . . 2.36

100.00

Pinite then is hydrated Rhyacolite.

Its crystalline system is the third or hexagonal. Specific gravity
2.8. Softer than orthoclase ; slightly translucent. Becomes colourless
betore blowpipe, and fuses at edges to blistered glass.

29. Labradorite consists of one equivalent of silicate of soda, three
of silicate of lime, and four of a silicate of alumina ; or Na Q, Si O +
3 (Ca O, Si 0% + 4 (A’ 0%, Si 0°), giving—
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Soda . . . . . . 4.50
Lime . . . . . . 12.13
Alumina . . . . . . 29.68
Silica . . . . . . - 53.69

° 100.00

Crystalline system the sixth, or doubly oblique prismatic. ~Specific
gravity about 2.7. Fuses rather more readily than orthoclase.

30. Thomsonite, or Comptonite, is exactly the same in composition,
but containing a large proportion of water, so that its normal formula
is given as Na O, Si 0%, + 3 (Ca O, Si* 0) + 4 (Al' 0%, 8i 0%) 4 8 HO,
that is, 1 equivalent of silicate of soda, 3 of silicate of lime, 4 of silicate
of alumina, and 8 of water.

Fourth or rhombic system. Specific gravity 2.3. Harder than
fluor-spar. Transparent. Swells up before blow-pipe, becomes opaque,
and fuses at edges to white enamel.

Thomsonite then is hydrated Labradorite.

31. Leucite, from “leucos” white, has one equivalent of silicate of
potash, and one of silicate of alumina, or KO, Si O* + Al’ 0%, 3 Si 0,

giving—
Potash . . . . . . 21.20
Alumina . . . . . . 23.09
Silica . . . . . . 55.71

100.00

It belongs to the first or regular system ; has a specific gravity
about 2.4 ; a hardness rather less than orthoclase ; is transparent, and
infusible.

32. Orthoclase (from *“orthos” straight, and “clao” to cleave,
referring to its smooth cleavage), Potash Feldspar, or Common Feldspar,
has one equivalent of trisilicate of potash and one of monosilicate of
alumina, or KO, 3 8i O* + Al’ 0%, 3 Si 0%, giving—

Potash . . . . . . 16.69
Alumina . . . . . . 18.06
Silica' . . . . . . 65.35

100.00

Its crystalline system is the fifth or oblique prismatic. Specific
gravity 2.5 to 2.6, increasing according as potash is replaced by soda or
lime. Softer than quartz. Colourless, or alight flesh or yellow coloured.
Fuses with great difficulty to a blistered turbid glass.
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Adularia, or transparent Feldspar, and Sanidine, or Glassy Feldspar,
are the same mineral as Orthoclase, but in the form of a glass more or
less clear and transparent.

In the specimens of adularia from volcanic districts more than 4
per-cent of soda is sometimes found, while in that from St. Gothard,
according to Abich, there is not more than 1 }’er cent.

The ornamental stones called Moon stone, and Amazon stone, are
orthoclase.

33. Albite (from “albus” white), Soda Feldspar, has one equivalent
of trisilicate of soda and one of monosilicate of alumina, or Na O, 3 Si
O' + AI* 0%, 3 Si 0% giving—

Soda . . . . . . 11.62
Alumina . . . . . . 19.13
Silica . . . . . . 69.25

100.00

It belongs to the sixth or doubly oblique system of crystallization.
Its specific gravity is 2.6, and before the blow-pipe behaves like
Orthoclase.

Pericline is an albite, in which part of the soda has been replaced
by potash. It fuses more readily than albite.

34. Stilbite, or Desmine, has one equivalent of trisilicate of lime,
one of monosilicate of alumina, and six of water, or Ca O, 3 Si O* + AP
0%, 3 Si* + 6 HO.

Its crystal belongs to the fourth system. Its specific gravity is 2.2.

It may be looked on as hydrated Albite, or Orthoclase.

36. Oligoclase, or Soda Spedumene (from “ oligos” little, and “clao”
to cleave, as not being so readily cleavable as orthoclase), is probably
composed of three equivalents of monosilicate of soda, and four of
monosilicate of alumina, which would be expressed by the formula, 3
Na O, 8iO%) 4 4 (AI'0*, 3 Si0%, in which O in 8 : O in b :: 30 :
15:2:1, or 3 (2:1)+4 (6 : 3=2 : 1), but there is a little
uncertainty about its exact composition.

It is also known as Azanturine Feldspar, and Sunstone.

Crystalline system the sixth, or doubly oblique prismatic. Specific
gravity 2.6. Hardness equal that of orthoclase ; more or less translu-
cent. Colour white, gray, or greenish. Fuses more easily than ortho-
clase or albite.

35. Muscovite, Biaxial, or Potash Mica, the composition of which is
stated as one equivalent of trisilicate of potash to three of tribasic sili-
cate -of alumina = (KO, 3 Si 0% 4 (Al? 0% Si O?), part of the potash
being replaced by lime and the protoxides of iron and mangancse, and
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part of the alumina by sesquioxide of iron, manganese, or chromium.
One analysis gives—

Potash . B . . . . 10.09
Protoxide of iron . . . . 1.60
Sesquioxide of iron . : . . 3.35
Alumina . . . . . . 37.36
Silica . . . . . . 47.70

100.00

Crystalline system the fifth or oblique prismatic. Specific gravity
about 29. Hardness between gypsum and calcspar. Transparent,
colourless, or light-coloured with metallic pearly lustre. Fuses with
various degrees of facility to a turbid glass. Often contains fluorine.

This is the ordinary variety of mica. When it contains chrome it
is known as Fuchsite.

36. Tourmaline, or Schorl, is a combination of a double silicate,
with a borate, but the analyses are so varied and indefinite as not to be
reducible to a common formula. The following is an example—

Soda . . . . . . 4.99
Protoxide of magnesia . . . 2.85
Protoxide of iron . . . . 2.81
Sesquioxide of iron . . . . 6.27
Alumina . . . . . . 39.72
Silica . . . . . . 39.65
Boracic acid . . . . . 3.71

100.00

Primary form an obtuse rhombohedron of the third system. Specific
gravity 3. to 3.3. Softer than quartz. Every degree of transparency,
from perfect clearness to complete opacity ; and is variously coloured.
Before the blow-pipe swells up and fuses to a slag.

37. Porcelain Spar, a combination with a chloride, consists of four
equivalents of the double silicate of lime and alumina with one of
chloride of sodium.

38. Lithia Mica, or Lepidolite, a combination with a fluoride, con-
sists of two equivalents of monosilicate of lithia, three of two-thirds
silicate of alumina, and one of a combination of fluoride of potassium
and terfluoride of silicon, the peroxides of iron and manganese partly
replacing the alumina.

The following is the calculated analysis :—
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Potash . . . . . . 8.72
Lithia . . . . . . 5.32
Alumina . . . . : . 28.48
Silica . . . . . . 51.66
Fluorine . . . . . . 5.93

100.00

Specific gravity about 2.9 ; softer than calespar. Transparent or
translucent. Fuses very readily.

The Reverend Professor Haughton has lately shewn that two varie-
ties of mica, hitherto supposed to be of rare occurrence, are the two
which occur abundantly as the constituents of the Leinster granite.
These are the two micas known as Margarodite and Lepidomelane.

39. Margarodite (from Margaron, a unio or pearl) or Pearl White
Mica, of which the following is the mean composition, as deduced from
four analyses of specimens from different localities by Professor Haugh-
ton :— )

Silica 44.58
Alumina . 32.13
Peroxide of iron 4.49
Lime 0.78
Magnesia . 0.76
Potash 10.67
Soda . . 0.95
Protoxide of iron 0.07
Loss by ignition 5.34

99.77

It is biaxial. Tts specific gravity is stated in books as 3.0 to 3.1.

It is generally pale greenish-white, with a pearly lustre.

40. Lepidomelane, or Black Mica (name derived from “lepis,” a

scale, and “ melas,” black.)

Silica 35.55
Alumina 17.08
Peroxide of iron 23.70
Lime 0.61
Magnesia . 3.07
Potash 9.45
Soda . . 0.36
Protoxide of iron 3.65
Protoxide of manganese 1.95
Water 4.30

99.61
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It is uniaxial, of a brownish-black colour, and metallic lustre.

Its specific gravity is stated at 3.0.

The descriptions of the forty minerals now given will be suffi-
cient for reference in studying the composition of almost all rocks,
which is the object we have in view. For general purposes, indeed, it
is enough to consider the silicates as forming four groups of minerals,
namely—1st, The Augites or Hornblendes ; 2d, The Feldspars, subdi-
vided into, 2 a, The Bisilicated, 2 6, The Trisilicated ; 3d, The Micas ;
and 4¢h, The Zeolites, ’

1st. The Augites or Hornblendes are essentially silicates of mag-
nesia mingled with silicates of lime, iron, or other substances which
are more active fluxes to the silica than the magnesia, and make the
whole easily fusible,

2d. The feldspars are essentially silicates of alumina mingled with
silicates of potash, of soda, or of lime, which act more readily as a flux
to the silica than the alumina does. Orthoclase (potash or common
feldspar), Albite (soda feldspar), and Oligoclase, are the most highly
silicated varieties of the group, Labradorite, Anorthite, and Rhyacolite
are less highly silicated, containing a larger proportion of alumina, and
also of the more fusible bases, which consist either wholly or in part
of lime, and rarely or never of potash. The first three in the com-
monly received nomenclature would be called trisilicates, and the
three last bisilicates. In the nomenclature proposed by Dr. Sullivan,
the former would be considered as mixtures of monosilicate of alumina
and trisilicates of the other bases, while the latter would contain a
basic silicate of alumina and bisilicates of the other bases.

Leucite differs in composition from Orthoclase only in its containing
a simple silicate of potash instead of a trisilicate.

Albite, Oligoclase, and Rhyacolite, agree in containing soda ; some-
times partly replaced by potash or even by lime.

Labradorite and Anorthite (the latter of which seems to have nearly
the same composition as Scapolite) are essentially the lime feldspars.
Labradorite occurs as a distinct mineral abundantly in North America,
but is often present, or supposed to be present, in many of the more
basic igneous rocks in conjunction with Augitic or Hornblendic minerals
with or without Zeolites,

3d. The Micas are frequently conspicuous in rocks, but their presence
can bhardly be considered so essential as that of the minerals of the
preceding groups. Mica often occurs as a mere subsidiary constituent,
either appearing in a rock which is usually devoid of it, or disappear-
ing from a rock which usually contains it, without causing any change
of name in the rock, which is spoken of as being “ with,” or “without
mica” In other cases, however, the mica is looked upon as an
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essential constituent, and the rock takes a new name when the mica is
absent or is replaced by another mineral

Mica is more abundantly and essentially developed in highly
altered rocks than in any other, but is then not often completely
crystallized.

Dr. Sullivan has suggested the probability of Micas having some-
times their peculiar metallic lustre and minute subdivision into trans-
parent or semi-transparent plates, rather in consequence of physical
structure than of chemical composition.

4th. The Zeolites are so called from the Greek word (zeo) to boil, in
consequence of their intumescence before the blow-pipe. This is
caused by the water which they contain. They are all hydrated
minerals, most of them hydrated feldspars, though some so called
Zeolites do not contain any silicate of alumina.

Analcime, Natrolite or Mesotype, Thomsonite or Comptonite, Stilbite
or Desmine, Chabasite, etc., are Zeolites.

They are often found crystallized in the cavities of some igneous
rock, and are supposed to be mixed up with other minerals in the
composition of other igneous rocks.




CHAPTER IIL
ON THE ORIGIN, CLASSIFICATION, AND DETERMINATION OF ROCKS.

A DESCRIPTION of what constitutes a true mineral has been already
given in chapter 1. A rock may be described as follows.

A rock is a mass of mineral matter consisting of many individual
particles, either of one species of mineral, or of two or more species of
minerals, or of fragments of such particles. These particles need not :ut
all resemble each other either in size, form, or composition ; while
neither in its minute particles, nor in the external shape of the mass,
need a rock have any regular symmetry of form.

Geologists are accustomed also to include under the term rdck, all
considerable accumulations of mineral matter, whether they be hard or
soft, compacted or incoherent. In this sense soft clay, loam, or loose
sand, may be called “a rock.”

Mineralogy may be studied simply as a branch of Natural History,
and minerals looked upon merely as natural objects, having certain exter-
nal properties which enable us to distinguish them from each other, and
arrange them in a certain order, according to some principle. By help
of this arrangement we might identify any particular mineral laid before
us, and consequently refer to what is known of its chemical composi-
tion, and other qualities.

In order to apply mineralogy to geology, however, we must study
rather the genetic relations of minerals, that is to say, we must endeu-
vour to discover their modes of production, and the circumstances which
were necessary, or conducive,to their appearance in the positions and in
the combinations in which we now find them. This is the object we
have had in view in the brief abstract we have just given of a part of
chemistry and mineralogy.

What has been there given will enable the student to reason, to a
certain extent, on the origin of rocks; and to draw certain conclusions
as regards the relations of those mineral constituents, at all events,
which are essential to their existence—those which so far enter into
their mass as to make them what they are, and the abstraction of which
would make them something different.*

* Bischof's Chemical and Physical Geology, translated for and published by the Caveu-
dish Society, is the largest and most complete work on the Application of Mineralogical
D
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Crystallézation—One of the most obvious properties of minerals is
their erystallization.  All crystals are, as it were, built up of minute
erystalline particles of like forms, and have been produced by the sue-
cessive external additions of these minute particles.

It is clear, then, that these particles must have been free to move
and arrange themselves 5 in other words, they must have been in a
Juid or nearly fudd state. But this fluidity may Lave been the result
cither of selution in water or other liquids, or of fuséon by heat. When-
ever, then, we find a crystal or a mineral particle that has an internal
crystalline structure, we may feel assured that it has once been either
dissolved or melted,

But if this be true as regards individual erystals or crystalline par-
ticles, it must be true also of rocks that are made up of such erystals or
such particles.

Now we have scen that some minerals, as, for instance, Calcite or
carbonate of lime, are readily soluble in water containing carbonic acid
was, or in lignid acids ; ify therefore, we meet with a rock composed of
erystalline particles of carbonate of lime, we should naturally suppose
that it had once been dissolved in acidulous water and deposited from
that solution.

The solid acid Silica is alto seluble in water containing carbonic
acid gas or some other substances, and also when in certain chemical
states, and in water at a high temperature®  We can, therefore, easily
understand the deposition of crystals of silica or quartz from aqueous
solutions,

For the production of many silicates, however (us, for instance, the
artificial silicates porcelain, slag, and glass), great heat is necessary, and
they are formed only during fusion.  Most of the natural silicates ate
practically insoluble in water, or in any other fluids which are found
abundantly in nature.

When, then, we meet with rocks composed altogether of erystals, or
erystalline particles, of such silicates, we naturally conclude that those
rocks were once in a state of fusion from heat.

But in cach of these cases there are gradations from rocks in which
the crystalline particles are large and distinet, through others where
they become less and less till they are only discernible with a lens, into
some which appear quite compact and homogeneous.  This gradation

Chemisiry to Geology.  Much of it is excellent, but unfortunately the author has allowed
his mind to be warped by an old-fashioned prejudice against what he calls the ¢ Plutonic
Theory,” 8o that he is not always entively trustworthy.

* Mr. Jefterys shewed (Reports Brit. Assoc,, vol. x) that the vapour of water, at a tem-
peragure above that necessary to meit irvon, dissolved silica, even attacking compact undi-
vided minerals; and that a jet of such steam containing dissolved silica deposited a snow of
equartz crystals as it cooled on escaping from the vessel.
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teaches us that what is true of the crystalline rocks may also be true
of compact rocks of the same mineral composition, and that, therefore,
crystalline and compact limestone, quartz crystals, and compact flints, may
equally have been dissolved in water, and crystalline and compact silicates
have equally been melted by heat. In the latter case the artificial silicate
glass again assists us, since the very same mass which, if cooled under
given circumstances, will form a perfectly homogeneous transparent glass,
will, if allowed to cool more slowly, become opaque, and stony, and ulti-
mately begin to granulate, that is, its constituents will combine with cach
other in order to form distinct crystalline minerals in the mass.

Chemical Rocks—Many rocks, then, have been chemically formed,
that is, have consolidated from fusion or solution in obedicnce to chemi-
cal laws. Those that have become consolidated from fusion we may
call Iyneous rocks ; those that have consolidated from solution Aque-
ous rocks. ’

Chemically-formed Aqueous rocks may be either crystalline or com-
pact.

Chemically-formed Igneous rocks may be either crystalline, compact,
or glassy.

Both kinds may have occasionally concretionary, nodular, sparry,
fibrous, or other textures, according to local modifying circumstances.

Paragenesis of Minerals—In crystalline rocks, whether aqueous or
igneous, the external forms of some of the crystals are often very im-
perfect and sometimes even irregular. Crystals of one mineral having
been first formed prevented the regular formation of the crystals of the
other minerals ; or, the whole mass having crystallized together, the
crystals were mutually hindered from attaining their full development by
the growth of their neighbours, and all became thus locked and inter-
laced together in a congeries of mutually imbedded crystalline particles.®

These crystalline particles, although not perfect crystals, have yet
some faces and angles of perfect crystals, being evidently formed in the
position where we now find them. They are innate crystalline granules,

Loaf-sugar, sugar candy, crystallized alum, are familiar examples of
this structure, and will serve to explain what is meant by the ¢naate
crystalline structure of marble or of granite.

Mechanical Rocks—In examining the mineral structure and consti-
tution of rocks, however, we should soon become aware of another
essential difference in them. We should find many rocks the particles

* The paragenesis of minerals in chemically formed rocks is a subject that has not yet
received the attention it deserves. The peculiar association of mincrals, and the relative
order of their erystallization, as shewn by their mutual indentation and envelopment, would,
if accurately observed and described, doubtless explain much that is still obscure as regards
the formation of such rocks, as also that of the contents of mineral veins,
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of which were large and distinct, but not at all crystalline ; or if crys-
talline internally, their external form would not be regular like a
crystal, but exhibit evident marks of mechanical fracture and attrition,
of wearing away, or rounding.

The particles of these rocks whether internally crystalline or inter-
nally compact, are not mutually embedded like those of chemical rocks,
and have no such appearance of having grouwn where we now find them,
but have evidently been brought together from different places, and
adhere to each other, either in consequence of having been squeezed
together by mechanical pressure, or because they were cemented by some
other substance which serves to bind and unite them to each other.

The very form and structure of these particles shew that they are
fragments of other pre-existing rocks, and have been broken off the
parent mass, and worn by the action of moving water.

This water-worn form and derivative origin is very obvious with
respecet to such of these rocks as consist of peblies, or rounded fragments
of other rocks, compacted together in sand, which is clearly the result
of the abrading process.

In many cases the very rock from which the pebbles were derived
can be pointed out, and the distance, therefore, which they have been
carried is known. In other cases the fact of mechanical transport is
obvious, though their original site may be unknown.

From those cases where the individual constituents of the rock are
large and their form distinctly visible, there is every gradation through
those where they become less and less, till at length we meet with some
in which the particles are not discernible by the lens. We have, then,
compact derivative rocks just as we have compact chemical ones.

To all such derivative rocks we may with great propriety assign
" the term Mechanical, as shewing that their materials have been
mechanically transported to their present sites.

The machinery employed in this transportation must clearly Le
either currents of water or currents of air, and the mechanical rocks,
therefore, must be all either Aqueous or Aerial rocks, the latter being
very few and unimportant compared with the former.

Even with regard to igneous rocks, which must in themselves be
purcly chemical compounds, they still may have their mechanical
accompaniments, as we see in the case of the ashes, cinders, and frag-
ments blown from the mouths of volcanoes, and these may be compacted
into solid rocks, whether they fall on the land or into the water.

Organic Rocks.—There is yet another source from which some rocks
are derived, inasiuch as some are found to be wholly, or almost wholly,
composed of fragments of animals or plants. These rocks may be
termed Organic, in the sense of organically-derived rocks.
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The portions of the plants or animals may be either little altered
from their original condition, or very much altered and altogether
mineralized. In the first case, they are allied more particularly to the
mechanical ; in the latter, to the chemical rocks.

Mixtures—As, moreover, chemical precipitates are liable from many
causes to be adulterated by mechanical impurities, and mechanical de-
posits to be impregnated with chemically acting gases or liquids, and as
both mechanical admixtures and chemical actions and reactions may
play a part in the formation of rocks made of organic materials, we can
easily see how all three classes of rocks may occasionally be mingled
together and pass into each other, and how many aqueous rocks may
have been formed by the union of two or of the three agencies, and
appear to belong to one or the other class, according to the point of
view from which we observe them.

Stratifed Rocks—We have now arrived, then, at the conclusion
that different rocks had an aqueous, an igneous, or an organic origin,
solely from the consideration of the nature of the mineral particles com-
posing them. This conclusion, however, by no means depends entirely
on such considerations. The aqueous rocks are known to be so, not
only from their being composed of soluble minerals, or of minerals that
have been water-worn, or of parts of plants and animals that have either
lived in water or been carried down into it, but also because their
materials are arranged in regular layers and beds or strata, obviously
the result of their having been regularly strewed out over the bottom
of the seas and lakes in which they have been deposited. They are
hence often called Sedimentary and Stratified rocks.

Unstratified, Eruptive, and Intrusive rocks.—The igneous rocks, on the
other hand, are known to be such, not only from their consisting of
silicates which could only be formed during fusion, but also from the
absence of that regular stratification which is characteristic of all rocks
deposited by water. If they have anything resembling stratification, it
is of that irregular kind which streams of lava possess as they flow
down the flanks of volcanoes or over gently sloping ground. Many of
them, indeed, are just such rocks as we see now poured forth from the
mouths of volcanoes in the state of molten lava ; others again are closely
allied to these, and there is a regular chain of gradation from these
through their whole series.

Even those which least resemble actual lava in mineral composition
are found sometimes to have been injected, either in great masses into
the body of other rocks, or in the form of veins and tortuous strings,
into their cracks and crevices, or else to have cut through them in great
wall-like sheets called “ dykes,” just as lava cuts through rocks in the
neighbourhood or in the heart of volcanoes, Now we cannot conceive
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the possibility of one aqueous rock being at the time of its formation
intruded into or thrust through another, since they are all formed by
the tranquil deposition of sediment falling through water, and coming
to rest at its bottom. An intrusive rock, therefore, must by the very
nature of the case be an igneous rock, and the expansive power of heat
is the only conceivable origin of the force which causes it to intrude.
In many cases these intruded masses have exerted just such an influence
on the rock they came in contact with as great heat would have exer-
cised. The neighbouring rocks have in fact been burnt, and are some-
times greatly altered from their original state which they still possess
at a distance from the igneous rocks.

Metamorphic Rocks—This fact, together with the consideration of
the chemical actions and reactions that may be set up in the mass of
rocks Ly the percolation of various fluids or gases, and the mechanical
or chemical forces that may be brought into play by the action of
pressure and other agencies, naturally disposes us to ask the question,
‘Whether many rocks as we now see them may not be in a very ditferent
state from that in which they were originally formed 7 We should, on
investigation, find reason to answer this question in the aftirmative, and
introduce another class under the head of Metamorphic (or transformed)
rocks, to include those which had, by means of subsequent alteration,
acquired any characters essentially different from their original ones,

Four Great Classes of Rock.—Guided by these considerations we
may class all rocks whatever under the four great heads of Igneous,
Aqueous, Acrial, and Metamorphic, according to the nature of the
agencies by which they have been brought into their present state and
position. .

The Igneous are all chemically-formed rocks, but some of their
varieties have their mechanical accompaniments.

The Aqueous rocks are either chemical, mechanical, or organie,
those of mechanical origin being far the most abundant, although not
the most important kinds.

The Aerial are all mechanical.

The Metamorphic are cither those in which the original structure
and composition are still obvious, or those in which those characters
are altogether obscured and repluaced by others, when we may speak of
most of them as the schistose or crystalline-schistose rocks.

Determination of Rocks—In examining any specimen of rock, in
order to determine to which of these classes it belongs, we proceed in
the following way :—Having provided a chipping-hammer, a pocket-
lens, a knife, and a small bottle of dilute hydrochloric or other mineral
acid,* the first thing is to furm, by chipping, two fresh surfaces on the

* A pocket blow-pipe is also useful occasionally, for distinguishing some varieties of
igneous rock.
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specimen, as nearly as possible at right angles to each other. These
surfaces are to be carefully examined, in order to see if the rock ble
granular or compact. '

Compact Rocks—If it be quite compact, so that no granular particles
be apparent even with the lens, it should be scratched with the knife.
If it scratch readily, it will either be an aqueous rock or a very much
decomposed igneous one. If it requires great force to make any im-
pression on it, but can be scratched when that force is exerted, it is
probably a compact igneous rock ; if, on the other hand, it be merely
marked by the steel of the knife, as if by a hard lead pencil, it is then
probably a purely siliceous rock, either flint, chert, or some other form
of quartz. In that case it will be of aqueous origin, but probably either
part of a vein, or a nodule, or concretion formed in a rock rather than a
rock itself. If a compact rock be very easily scratched, it should be
tried with a little dilute acid, and if it effervesces freely it may at once
be set down as limestone ; if it effervesces slowly it may be an impure
limestone, or else a magnesian limestone ; and if it do not effervesce at
all it will either be gypsum or a decomposed rock.

Granular Rocks—If the rock be granular, it must first be deter-
mined whether the grains be ¢nnate crystalline particles, or water-worn
like grains of sand. If it be coarse-grained, there will not be much
difficulty in this determination. Any distinctly water-worn and rounded
grain or particle, or any little pebble included in the rock, will at once
decide it as of aqueous origin. Sometimes the grains may consist of
broken crystals, very little, if at all, water-worn, when it might be
mistaken for a crystalline igmeous rock. If, however, those broken
crystals be all, or nearly all, fragments of quartz, great doubt would
arise as to the correctness of that conclusion, and careful search will
often disclose some grain distinetly rounded, or some little fragment
which has obviously acquired its present form by mechanical fracture
or attrition, proving it to be of aqueous origin. Regular alternations of
layers, slightly difterent in colour and texture, form strong evidence in
favour of the rock being a stratified or sedimentary, and therefore an
aqueous one,

Crystalline Rocks—1If, on the contrary, the rock be distinctly crystal-
line in structure, the point to determine will be whether its crystalline
particles consist of carbonates or sulphates, on the one hand, or silicates
on the other. If of either of the two former, it may be set down at
once as an aqueous rock, if of the latter, as igneous. To determine
this point the knife should be first used,—if the rock be easily scratched
by the point of a knife it is almost certainly one of the two former, if
very easily scratched and the scratched part do not at all effervesce
with acids, it is probably gypsum. If the scratched part instantly boil
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up when acid is applied to it, it is certainly some kind of limestone.
If it effervesce slowly and have a pearly lustre and gritty feel, it is
probably magnesian limestone.

If the particles be neither carbonates nor sulphates they will
almost certainly be silicates and the rock be an igneous one. It will
then be necessary to determine the kind of igneous rock by discovering
the nature of the minerals; whether in the first place there are any
particles of free silica or quartz among them, and whether the remain-
ing particles consist of hornblendic, feldspathic, micaceous or zeolitic
minerals, or what mixture of these, and in what proportions. This will
be done either by recognizing them by their characteristic external
appearance, by determining the angles formed by their facets and there-
fore the form of their crystals, or if neither of these methods be pos-
sible, by chemical analyses, either of the separate crystals, or if that be
not possible, of the whole rock, which will at least tell us what possible
combinations the substances contained in the rock might form, and
what combinations would be impossible, and thus approximately fix
the class to which the rock must belong.

Platy Rocks—If the rock have a very decided platy structure, so
that a blow with the hammer causes it to split much more readily in
one direction than in any other other, with a tendency to separate into
many thin plates,—the question which arises is, whether it be a mere
aqueous rock formed by the successive deposition of many thin
laminee, or whether it be a metamorphic rock. If the former, it will
probably be soft and clayey, and the plates before the rock be split
will run parallel to and coincide with layers of different colour, texture
or grain.

Metamorphic Rocks—1If, however, it be a metamorphic rock, it will
probably be hard, and the plates more or less firm after separation from
cach other. If the faces of these plates be dull and earthy looking, it
is probably a slate or “cleaved” rock. If however the faces glitter
with a metallic lustre, and the rock have a crystalline, or semi-crystal-
line texture, it will then be a schistose or erystalline-schistose meta-
morphic rock.

The student will do well to procure, and to examine with lens, acid,
knife, and hammer, specimens of the most common forms of the minerals,
Quartz, Calcite, Gy psum, Feldspar, Hornblende and Mica, and endeavour
to recognize them in any of the common rocks, such as Granite, Lime-
stone, Sandstone, Syenite, and Gypsum, by the methods here pointed
out. A very little practice will enable him to do this, and he will then
soon be able to recognize all the ordinary varieties of rock which he is
likely to meet with, and will know how to go about the determination
of others when they oceur.



CHAPTER 1IV.
IGNEOUS ROCKS.

WE will commence our examination of rocks with the igneous rocks ax
being those which may be considered the most essentially original, and
those indeed from which all others are either directly or indirectly
derived.

Classification according to composition—From what has been said
before, it may be inferred that all igneous rocks without exception
are composed of minerals which are silicates.

These minerals may be said to belong to two great classes, silicates
of magmesia and silicates of alumina, the species or varicties of each
resulting from their various mixtures with silicates of potash, soda, lime,
iron, manganese, etc.  The silicates of magnesia, ete., constitute the horn-
blendic, or pyroxenic, or augitic minerals, the silicates of alumina, etc.,
forming the feldspathic ones. The micaceous minerals, which we may
look on as resulting from mixtures of the two, or as holding an inter-
mediate place between them, are in reality of minor importance, go far
as unaltered rocks are concerned.

The feldspars are the bases of all igneous rocks, those in which no
feldspar of any kind is present being very few and unimportant, even
if they exist at all. The hornblendic and augitic minerals hold the
next most important place, and the volcanic and trappean rocks may be
divided into two great series depending on the amount of those minerals
which are mingled with the feldspars. Those rocks in which feldspar
alone occurs, or in which it greatly predominates, may be called the
feldspathic rocks ; those in which the hornblendic or augitic minerals
play a considerable part, may be called hornblendic or pyroxenic rocks.
It must, however, be clearly borne in mind that feldspar, in some form
or other, is always the basis of the latter, while hornblende and augite
in any form are often entirely absent from the former.

The igneous rocks might alzo be divided into two great serics, the
acid or siliceous, and the basic, which would nearly coincide with the
classification just mentioned, of feldspathic and hornblendic. The
hornblendic or augitic minerals, may all be considered as basic minerals,
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while the feldspars, as was pointed out at page 47, are separable into
two groups, the more basic and the more siliceous.  Now, in all rocks
containing a large proportion of the hornblendic or basic minerals, the
feldspars associated with them are also of the more basic kind, while in
the more purely feldspathic rocks, the feldspars are of the more highly
silicated group of those minerals.

Classification according to circumstances of formation—The igneous
rocks are divided by Sir C. Lyell and others into two classes—the
Volcanic and the Plutonic. That classification is theoretically correct,
as separating those formed at the surface, in air or water, from those
formed deep in the earth; but practically we often meet with rocks
that it is diflicult to place with certainty in either class. It is,
moreover, often advisable to avoid terms that involve theoretical or
foregone conclusions.  For these reasons I should prefer, with Sir R. 1.
Murchison and others, to arrange the igneous rocks under three heads—
Volcanie, Trappean, and Granitic; taking the middle term trappean as
one of convenience only, to include some that are possibly voleanie,
some that are more essentially granitic, with many intermediate or
undetermined rocks between the two.

Itmeous rocks differ amonyg themselves.

Ist, As being made up of different minerals.
2dly, As having different textures.

The three principal varicties of textures are the crystalline (or
granular), compact, and glassy.

When a rock is distinetly granular, so that the crystals of its
mineral constituents are clearly discernible, they may be determined by
simple inspection.  In the compact and vitreous textures, however, the
determination of the mineral constituents of a rock can only be arrived
at by chemical analysis, which will either enable us to determine what
minerals those substances in such proportions would be likely to form,
or to compare the analyses with that of other specimens of which the
mineral constituents were known.

It has Leen already stated as a known fact in the manufacture of
glass, that the very same molten mass of silicates would form trans-
parent glass* opaque slag, or crystalline stone, according to circum-

* The formation of crystaly from a state of igneous fusion, is in every respect analogous
to what takes place when crystals are formed in water. Tt is simply the deposition of
crystals from solution in a liguid that becomes solid at s high temperature, or the erystal-
lization of that liquiditself, in the same manner as when erystals are deposited from solution
in water, or that water itself freezes. . . . Aglass is a liquid which, on covling, becomes
more and more viscous, and at length solidifies without undergoing any sudden or definite
change in physical structure.  If, however, the lquid after cooling to a certain temperature,
crystallize, it undergoes a gudden and entire physieal change, and the structure becomes
stony.—(Sorby on Microscopical Structure of Crystals. Geol. Journal, vol. xiv., p. 485.)
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stances.  As these different conditions of texture receive different nawmes,
ro may the different textures of natural substances receive different
names, notwithstanding that in some cases they consist of exsentially the
fame ingredients,

As some slags become porous, or vesicular, and thus pass into
cinders, 8o some igneous rocks likewise assume a vesicular or cindery
texture.

Amyydalold —When the pores or vesicles hecome filled with a erys-
taline 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; the rock is said to be
amygdaloidal. '

Lorphyry—When single detached erystals are dizseminated through
a compact base, or large crystals through a fine grained base, the rock
is said to be porphyritic.” When the amygdaloidal or porphyritic strue-
tures hecome so marked as to appear the most prominent characters of
the rock, that rock has often been spoken of simply as an amygdaloid
or a porphyry.  As, however, these are incidental structures common,
the amyudaloidal to several, the porphyritic to all igneons rocks, this
nomenclature involves the mistake of elevating an accidental to an
essential attribute ; a mistake it is better to avoid.

In the following descriptions of the igncous rocks T am largely
indebted to Cotta’s Gesteinslehre, to the introduction to Danbeny's
Volcanoes, to the last chapter of the thind volume of D’Archiac’s
Histoire des Progres de la Géologie, aud to the Essay on Comparative
Petrology * by M. J. Durocher, Mining Engineer, and Professor of the
Faculty of Science at Renmes.  The new edition of Naumann’s Lehrimch
der Geognsie, from which much of Cotta’s matter scems to be taken,
and Senft’s Classification und Beschreibung der Felsarten, have also
been consulted.

I.—The Volcanic Rocks.

These are spoken of under the general term of Lava.  They include,
however, some that would be more commonly deseribed as trap rather
than lava, and others, such as tuff and ashes, which could not strictly be
called by either name.

The volcauic rocks have been classified by Abich under three
heads :—a, Trachyte ; b, Dolerite ; ¢, Trachy-dolerite.

¢ I have used the English translation of this admirable essay made by the Rev. Professor
Hauoghton, F.T.C.D. Published by M‘Glashan and Gill, Dublin.

Kince the above was written, the mclaucholy news of Mr. Durocher's decease has reached
Dublin,
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Bunsen, also, in his memoir on the volcanic rocks of Iceland, give;;
a similar classification, describing his normal trachytic rocks as one end
of the series, and his normal pyroxenic rocks at the other end, with
many intermediate varieties between the two. He states the following
as the mean value of the composition of his two normal rocks,
and shews that by analysing any intermediate variety of rock, and
determining the proportion of any one of these ingredients (taking
the silica as the easiest and best), the proportion of the other ingredients
may be calculated, and thus may be determined the quantities of these
two normal substances which have been mixed together to form the
rock in question.
Normal Normal
Trachytic.  Pyroxenic.
Trachyte. Dolerite.

Silica . . . . 76.67 48.47
Alumina and protoxide of iron  14.23 30.16
Lime . . . . ‘1.44 11.87
Magnesia . . . . 0.28 6.89
Potash . . . . 3.20 0.656
Soda . . . . 4.18 1.96

100.00 100.00

The Trachytes are so called from the Greek word “ trachys,” rough,
as they commonly have a rough prickly feel to the finger. They are
usually light-coloured, pale gray, or white, but sometimes dark gray and
nearly black. They are composed principally of feldspar, the feldspar
being one of the varieties that is rich in silica, such as Orthoclase, or
its varieties, and not any of those in which the bases are more abundant,
such as Labradorite or Anorthite.

As trachyte is made into a class, as well as a species of rock, we
may similarly elevate dolerite.

The Dolerites, so called from the Greek ¢ doleros,” deceptive, are
usually of a dark green or black colour, weathering brown externally.
They are commonly heavier than the trachytes, as containing a less
proportion of silica, and a greater one of the heavier bases.

They are composed partly of a feldspathic and partly of an augitic
(or pyroxenic) mineral, the feldspar being commonly one of the more
basic silicates, such as labradorite or anorthite.

.
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THE TRACHYTES, OR FELDSPATHIC Lavas.

1. Trachyte, properly so called, has either a fine grained, or quite
compact texture, a harsh feel, and sometimes a cellular and scorified
appearance. It varies in colour from a pale gray to dark iron gray, and
is sometimes reddish from the presence of iron. It is composed of a
confused aggregation of crystals of feldspar, often minute and needle-
shaped, but with others larger and more distinet.

This feldspar is said to be commonly potash albite (or pericline),
and glassy feldspar (or adularia), in which some of the potash is replaced
by soda. Crystals of mica and hornblende are often present, and some-
times even of augite, the whole either confusedly united without
cement, or embedded in a feldspathic paste, either cellular or compact.

I extract here from Durocher’s Essay on Comparative Petrology, as
translated by Haughton the analysis’ of this rock, giving the maxi-
mum, minimum, and mean of the analyses of many specimens by dif-
ferent experimenters, and shall do the same for the other principal types
of rock.

Specific gravity, maximum 2.73, minimum 2.60, mean 2.66.

Maximum. | Minimnum. Mean.

Silica* . . . 78 66 72.8
Alumina . . . 18 11 15.3
Potash . . . . 9 4 6.4
Soda .o . . 2.5 0 14
Lime . . . . 1.5 0 0.7
Magnesia . . . 2 0 0.9
Oxides of iron and | 2.5 0.5 w7

manganese .

Loss by ignition . . 1.5 0 0.8
[ 100.0

2. TrachyticPorphyry has seldom a scorified aspect, looking often
more like a plutonic than a volcanic rock, as that of the Pic de Sancy,
and the Roc de Cacadogne, of Mont Dor, which at first sight resembles
granite in external appearance.

Crystals of glassy feldspar, sometimes small, but sometimes as much
as half an inch long, white or flesh-coloured, are set in a compact light-
coloured feldspathic paste, with brown mica, and sometimes also it is

* There is said to be a trace of titunic acid with the silica in most or all of these cases.
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said with crystals of quartz* Many varicties of trachytic porphyry
contain a number of very small ‘globules, which seem to consist of
melted feldspar, having often in their centre a little crystal either of
quartz or mica. The assemblage of these globules leaving minute cells
between them, sometimes gives to the rock a scorified aspect”—
(Daubeny).  Chalcedony oceurs in small geodes,t and sometimes
intimately mixed with the paste in which the crystals are embedded.

Specific gravity, maximum 2.65, minimum 2.52, mean 2.58.

Maximum. | Minimum. : Mean.

{
Silica. . . . 75 68 72.8
Alumina 14 13 135
Potash 8 3 | 4.9
Soda . 7 15 | 42
Lime . 1 0 0.5
Magnesia . . . 2 0 0.7
Oxides of iron and } -
3 1 1.7

mangancse .

Loss by ignition . . 5 0 15
99.8

3. Pearlstone is composed of a number of globules from the size of
a nut to that of a grain of sand, of a vitreous, or enamelled aspect, and
pearly lustre, adhering together without any paste. These sometimes
lose their lustre and size, and pass into a compact stony mass, or change
into globules of feldspar, compact, or radiated—the whole rock being
composed of them. Many variations occur ; the whole sometimes be-
coming fibrous, cellular, spongy, and passing gradually into pumice.

Trachytic porphyry sometimes passes into pearlstone by insensible
gradations, just as we shall hereafter see that felstone is sometimes por-
phyritic and sometimes nodular and concretionary.

4. Domite is a grayish white, fine grained, compact, earthy, and
often friable varicty of trachyte. It frequently contains flakes of brown
mica. It appears to be a decomposed trachyte, in which the feldspar is
affected, but the mica not. The passage of muriatic (hydrochloric) acid
i8, by some, supposed to have cffected this transformation. It is a re-
markable rock, but not one of general occurrence, being nearly confined
to the district of the Puy de Dome, in France.

* 8ce Nanmann's Lehrbuch der Geognosie, 1st vol. p. 7S1.
t Geodes are rounded concretions, generally hollow, and containing crystals. They are
sometimes called *‘ potatoe stones " from their size and shape.
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5. Andesite ; a trachytic rock, found in Chimborazo and other parts
of the Andes ; has white crystals resembling albite in a crystalline base
of a dark colour. It has various degrees of compactness and consistency,
and has a coarse conchoidal fracture. Small crystals of glassy feldspar
occur, though rarely, but those of hornblende are common ; and augite
i3 also present sometimes. From the predominance of hornblende it
sometimes passes into a diorite or greenstone.

6. Clinkstone or Phonolite is a compact homogeneous rock, with a
scaly or splintery fracture, sometimes conchoidal, of a grayish green,
or ashy pgray colour, both weathering white externally, It is often
rendered porphyritic by scattered erystals of glassy feldspar, but these
are commonly not very distinctly-separable from it, appearing only as
brilliant surfaces here and there in the mass.  Hornblende, augite, and
magnetic iron are rare in it.  According to Gmelin it consists of a mix-
ture of glassy feldspar, with a zeolite in variable proportions. It may,
therefure, be formed from trachyte by the addition of sea-water ; the
soda of which, combining with some of the orthoclase, would make
glassy feldspar, while the water, combining with the other constituents,
would form a zeolite—(Abich, in D’ Arcliae, vol. iii, p. 604.)

Clinkstone commonly splits into thin slabs, and is often so finely
laminated as to be used for roofing slate. The slabs give a metallic sound
when struck with the hammer, whence its name. It is somctimes per-
fectly columnar ; the colunms splitting across into slabs, which are also
used as slates. It may, however, perhaps be doubted, whether many of
the so-called voleanic clinkstones really contain water according to the
definition, and whether they are not a flagey, or laminated varicty of
compact trachyte.

Specific gravity, mean 2.58.

Maximum. | Minimum, |- Mecan.

Silica . . . . 62 54 57.7
Alumina . . . 24 17 20.6
Potash . . . 9 3 6.0
Soda . . . . 14 3 7.0
Lime . . . . 3.5 (1] 1.5
Maimesia . . . 2 0 0.5
Oxides of iron and } 45 1.5 35

manganese .

Loss by ignition . . 3.5 1.0 3.2
100.0
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Durocher places Pitchstone or Retinite among the trachytic groups, .
Naumann, Cotta, and others, among the Felstones, where it is mentioned
farther on. It would be very difficult to decide which arrangement is
really the best.

7. Obsidian, or Volcanic Glass,is the vitreous condition of a trachy-
tic rock. It is said to be mnecessary for its natural production that the
rock should be composed of minerals rich in silica, “ or trisilicates ;”
the simple “ silicates,” or “ bisilicates ™ of .alumina, being incapable of
forming obsidian.* (Daubeny, p. 16, 2d edition.)

It commonly looks like coarse bottle glass, having a conchoidal
fracture and breaking into sharply angular fragments, semi-transparent
or translucent at the edges, bluack, brown, or grayish green, rarely yel-
low, blue, or red, sometimes streaked.

Specific gravity, maximum 2.55, minimum 2.25, mean 2.40.

Maximuom. | Miniraum. Mean.

Silica . . . 78 61 71.0
Alumina . . . 19 10 13.8
Potash . . . 7 0 4.0
Soda . . . . 11 0 5.2
Lime . . . . 2 0 1.1
Magnesia . . . 1 0 0.6
Oxides of iron and | 6 9 37

manganese . |

Loss by ignition . . 1.5 0 0.6
100.0

8. Pumice is the cellular and filamentous form of obsidian or other
trachytic rock, and the same remarks as to composition will apply to it.

Abich divides pumice into two groups; the cellular being dark
green, poorer in silica and richer in alumina, derived from clinkstone,
trachyte, or andesite ; the filamentous white, containing more silica, and
derived from trachytic porphyry.

* I do not at all dispute the truth of the origin hero assigned to all naturally formed ob-
sidian, but it is equally true, that basalt can be artificially converted into a substance pre-
cisely resembling natural obsidian, by simple melting and rapid cooling. Messrs. Chance
of Birmingham melted the basalt of the Rowley Hills by simple heat without the addition
of any foreign ingredient, and cast it into blocks and ornamental mouldings for architectural
purposes. Portions which were allowed to cool rapidly, formed obsidian, undistinguish-
able by any external character from that of volcanic districts. Specimens may be seen
in the Museums of Jermyn Street, London, and Stephen’s Green, Dublin.
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It is in fact the froth of a lava, its porous and filamentous characters
being due to the escape of gaseous matter through it. Owing to thix
porous and vesicular character it swims on water, but its true specitic
gravity when pounded, varies from 2.0 to 2.53, the mean being 2.30.

Maximum. | Minimum. Mean.

© Silica . . . 77.0 61.0 68.8
Alumina . . . 18.0 10.0 14.0

' Potash . . . 60 15 3.7
Soda . . . 11.0 0.0 6.0

| Lime . . | 2.0 0.0 1.1
Magnesia 1.0 0.0 0.6
Oxides of iron and ' 45 0.5 3.2

manganese .
Loss by ignition . . 4.0 0.5 2.6
1000 |

THE DOLERITES, OR AUGITIC LAvas.
9. Dolerite—A crystalline, granular, distinct mixture of labradorite
and augite with some titaniferous magnetic iron ore, and also often with
some carbonate of iron and carbonate of lime. General colour, dark gray.

Specific gravity, maximum 3.10, minimum 2.85, mean 2.95.

i

i Maximum. | Minimum. Mean.
Silica . . . 55 45 51.0
Alumina . . . 16 12 14.0
Potash . . 1 0 0.2
Soda . . .l s 2 3.4
Lime . . . 13 7 10.0
| Magnesia . . 9 3 5.5
Oxides of iron and} 18 9 147
manganese
Loss by ignition . . 3 0.5 1.1
99.9

D2
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The labradorite forms white or light gray tabular crystals, and the
augite black columnar ones. Both can easily be distinguizhed by the
naked eye, especially in the coarser varicties. The magnetic iron forms
small octahedral scarcely visible grains, which can be recognised only
by the magnet— Cotta.

Naumann and Cotta mention a variety from Aulgasse near Siegburg,
which contains 28 per cent of the carbonates, three-fourths of that being
carbonate of iron.

Granular crystalline, porphyritic and amygdaloidal varieties of the
rock oceur.

10. Anamesite is properly only a fine-grained dolerite, so fine-grained
that we can only distinguish the fact of the granular texture, and no
longer recognise the individual minerals.  Its colour is dark gray or
greenish or brownish black. It forms the intermediate step between
dolerite and

11. Basalt, which is a compact, apparently homogeneous, nearly or
altogether black rock, with a dull conchoidal fracture. It often con-
tains crvstals or grliing of augite, olvine, or magnetic iron, and is some-
times vesicular or amygdaloidal*

Specific gravity, maximum 3.10, minimum 2.85, mean 2.96.

Maximum. | Minimum. Mean.
Silica . . . 53 42 4K.0
Alumina . . . 18 10 13.8
Potash . . . 3 0.5 1.5
Soda . . . . 5 2 3.0
Lime. . . . 14 7 10.2
Magmesia . . . 10 3 6.5
Oxides of iron and
. manganese } 16 9 138
I Loss by ignition . . 5 1 3.2
| 100.0

The knowledgze of the composition of basalt dates from 1836, when
Gmelin shewed that it was like phonolite, an intimate mixture of one

* Acconding to Cotta, the rock of the Giant’s Causeway, ete., in the north of Ireland,
owht to be called anamesite rather than basalt.  According to Senft the basalt of the
Rowley hills in Staftordshire is melaphyr, as is also the toadstone of Derbyshire. 1 fear
thut these determinations may be due to the preconception that basalt proper conld not
veeur in the older rochs rather than to any sounder reason.
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part that was decomposable in acid and another not decomposalle.
The decomposable portion is partly of the nature of a zeolite, partly of
that of labradorite ; the undecomposable portion is augite.—Cotta.

Basalt, therefore, as it contains water in its zeolitic portion, bears
the same relation to dolerite that clinkstone does to trachyte.

The three rocks above mentioned differ rather in texture than in
mineral composition. In the two following rocks another feldspathic
mineral is substituted for the labradorite.

12, Nepheline Dolerite is a crystalline granular mixture of nephe-
line, augite, and some magnetic iron.—Cotta.

13. Leucite Rock is a crystalline, granular, porphyritic-like, or even
a compact, aggregate of leucite, augite, and some magnetic iron ; gene-
rally gray.—Cotta.

TRACHY-DOLERITE, OR INTERMEDIATE Lavas.

These rocks, from their very nature, do not admit of any precise
definition or nomenclature. The rocks already named and described
are mixtures of various minerals. When those mixtures are in any-
thing like definite proportions, and the minerals are well characterized,
the rocks assume a particular character, and are capable of definition.
When, however, the mixtures become indefinite, and the minerals begin
to pass one into another, or are so intimately blended that they cannot
be distinguished, attempts at definition only lead to confusion instead
of order, and encumber the memory rather than assist it.

Instead of separating these blending rocks, then, and distinguishing
them by. different names, it is better to unite them under one term,
such as that proposed by Abich, of—14. Trachy-dolerite.

Neither is this a mere evasion of a difliculty, since the things
themselves are so similar both in substance and in origin, that the
creation of distinct names would be merely making distinetions where
no real or essential difference exists.

Abich, however, seems rather to have proposed the term of Trachy-
dolerite in order to designate a particular variety of rock rather than
to include an indefinite group, and Durocher gives it a particular com-
position, which, however, I omit.

THE MECHANICALLY FORMED ACCOMPANIMENTS OF LAVA.

15. Voleanic Tuff (Volcanic Ask) consists of the ash, dust or powder,
mixed with lapilli (or rapilli), or small fragments of lava, cjected
from a voleanic orifice during eruption. These materials often greatly
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surpass in bulk the mere lava streams which precede, follow, or accom-
pany them. We may include under the term also the accumulations
of still larger masses, provided we can shew that they were ejected
masses, and not derived by mere erosion from the waste of a cooled
lava. The state of consolidation of these materials varies as much as
the size and composition of their particles. Sometimes they remain
quite loose and incoherent, sometimes form a solid stone. If after
ejection they full on the land, they may become compacted into a rock
either by the simple pressure of their own weight, or in consequence of
the percolation of water. This water may either be rain falling with
the ashes, or rain or other water subsequently gaining access to them.
The ash that fell on Herculaneum was mixed with water, and is there-
fore much more consolidated than that which covered Pompeii. If the
ashes fall in the sea they become subject to the conditions under which
all other mechanically-formed aqueous rocks are produced. In this case
tuff or ash often contains fossil shells.

Abich describes the trachytic tuffs of the neighbourhood of Naples
as of two sorts—one inferior, of a clear straw-colour, characterised by
fragments of glassy feldspar, augite, and hornblende, the other, or upper
tuff, being white, in thinner beds, and with much pumice.

Some geologists confine the term tuff to trachytic masses, and use
the word “ peperino” to designate those derived from pyroxenic (or
augitic) rocks.

Immense piles of volcanic sand and gravel, and great breccias com-
posed of large semi-angular fragments, also not unfrequently occur,
which could not properly be included under the Italian word * tuff,”
or the English “ ash,” because they are more probably the result of the
mere aqueous erosion of a previously existing lava than the contempo-
raneous accompaniment of a lava stream. Sir C. Lyell uses the term
“agglomerate” in describing some of these masses of fragments of
volcanic rocks.

The word “ a<h” is not a very good one to include all the mechani-
cal accompaniments of a subaerial or subaqueous eruption, since ash
seelus to be restricted to a fine powder, the residuum of combustion.
A word is wanting to express all such accompaniments, no matter what
their size and condition may be, when they are accumulated in such
mass as to form beds of “rock.” We might call them perhaps “ pyro-
clastic materials,” but I have endeavoured in vain to think of an Eng-
lish word which should express this meaning, and believe, therefore,
that the only plan will be to retain the word “ ash,” giving it an
cnlarged technical meaning, so as to include all the fragments accumu-
lated during an igneous eruption, no matter what size or what shape
they may be.



TRAPPEAN ROCKS. 69

II.—Trappean Rocks.

It has been before said that this designation is adopted as a con-
venient one only, and for the same reason I would extend it. The
word “ trap” has hitherto been considered to be strictly applicable only
to hornblendic or augitic rocks. Naumann uscs it as a synonym for
basalt ; and Senft for melaphyr, and what he calls basaltite. It is
derived from the Swedish trappa, a stair, those rocks being supposed
usually to assume a step-like form. The term, as thus derived, is,
however, no more exclusively applicable to the hornblendic than to the
feldspathic igneous rocks, and has often been used vaguely to designate
any igneous rocks which could not be said to be distinctly granitic on
the one hand, or absolutely volcanic on the other. In this vague and
general sense I shall here use it, its very vagueness being its recom-
mendation as best adapted to receive a class of rocks that do not admit
of any strict definition or circumscription.

As the voleanic rocks are divisible into three heads, feldspathic,
augitic, and intermediate, so we may conveniently divide trappean rocks
into three similar heads, feldspathic, hornblendic, and intermediate.
For the two first of these, the general designations, Felstone and
Greenstone may be used. Felstone will comprise the siliceous traps, as
trachyte does the siliceous lavas, and greenstone, the more basic traps,
a3 dolerite includes all the more basic lavas.  The blow-pipe comes here
into play as a good practical means of distinguishing between the
varieties of trap, as the more readily fusible varieties will almost cer-
tainly belong to the basic class rather than the siliceous.

FELSTONE OR FELDSPATHIC TRAPS.

16. Felstone is a name taken from the German Feldstein, and proposed
by Professor Sedgwick to designate a class of igneous rocks to which
many titles have been given, but which have not, till lately, been
properly examined and described. Compact feldspar, petrosilex, and
cornean, are among these names, as well as the hornstone of some
geologists, though that name has also been applied to chert, and to
altered clay rocks. The Germans describe this rock under the head of
Porphyry or Felsite porphyry, thus assuming an accidental vaviety of
structure as an essential character. Any one who had mapped whole
mountains and great districts of it, as the Ofticers of the Geological
Survey have done in Wales and Ireland, would have felt the nccessity
of having a name to distingnish the rock itself, whether it was com-
pact, as it usually occurs, or crystalline, or porphyritic.
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Felstone is a compact, smooth, hard, flinty-looking rock.

It has two principal varictics ; the pale green passing into a
greenish or yellowish white, and the blue or gray varying from pale to
dark gray. The gray or blue variety weathers white, its external
margin being white sometimes to the depth of a line, sometimes to that
of an inch or two. Some blocks that appear wholly white have a small
blue patch in the centre. The green, or greenish white variety is often
very translucent at the edges ; the gray is commonly opaque. The
fracture is generally smooth and straight, seldom conchoidal, but in
some of the blue or gray varieties it is rough and splintery. It often
splits into small slabs, and sometimes, especially the green kinds, into
laminz.

The fragments sometimes ring with a metallic sound like clinkstone,
and many so called clinkstones (such as those of the Roche Sanadoire
and Tuilliere in the Mont Dor district, and those of the Velay) are
very similar in external characters to many of the felstones of Wales
and Ireland. )

Durocher, under the name of petrosilex, gives the following com-
position of felstone.

Specific gravity, maximum 2.68, minimum 2.58, mean 2.64.

Maximum. Minimum. ' Mean. i

|

Silica . 80 63 75.4 {
Alumina . . . 18 11 15.0

Potash . . . 6 2 3.1 '

Soda . . . 6 0 1.3

Lime . . . 2 0 08 |

Magnesia . . 2.5 0 1.1 |
Oxides of iron  and } 45 0.5 2.3

manganese .

Loss by ignition . 3.5 0.0 | 1.0

" 1000

In many felstones, both in North Wales and South Ireland, lines
and striee of slightly different colours, resembling lines of lamination
or deposition, can be traced through the mass of the rock, sometimes
straight, sometimes more or less wavy and tortuous, like the variously
hued lines and bands in a slag from an iron furnace, and resulting,
probably, like them, from the motion of the mass when in a pasty and
semifluid condition,
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Tn the most smooth and compact varieties, the lens will often dis-
close small shining facets of crvstals of feldspar, and these become
larger and more numerous till we reach the completely granular and
crystalline felstones.  Small crystals or crystalline portions of quartz
also are occasionally present in most varicties,

Sometimes the rock becomes nodular and concretionary, the nodules
varying in size from that of a pea to that of a man’s fist, cither seattered
in a compact or powdery base, or touching each other and making up
almost the whole mass of the rock.  The substance of these nodules is
sometimes the same as that of the base, but in some instances they are
hollow, and contain crystals of quartz and other minerals, and also a
soft, dark green earth. In this respect it seems to resemble the rock
previously described as pearlstone, though it never has any pearly or
other lustre.

The Rev. Professor Haughton has latelys published * the following
analyses of felstones, and shewn by discussing the atomic proportions
of their constituents that they may certainly be looked upon as mixtures
of orthoclase and quartz, a conclusion which had previously been rather
a suspicion than an ascertained fact. I have added the proportions of
the two minerals at the foot, so as to comprise the whole in one table :—

A ‘ B ' C D E Means.

Silica . . 81.36 | 78.40 [ 77.20 | 71.502 | 7488 | 76.67
Alumina . . 7.86 | 11.32 6.54 | 12.24 | 12.00 9.99
Peroxide of iron 3.32 | 0.92 5.82 3.16 [ 3.50 [ 3.37
Potash . . 3.09 4.83 3.69 5.65 4.77 4.40
Soda . . 2.63 |- 3.09 3.03 3.36 2.49 2.92
Lime . . 0.99 0.45H 1.51 0.84 0.34 0.88
Maguesia . . 0.45 0.48 0.60 0.39 1.28 0.64
Protoxide of iron 020 | 0.04
Loss by ignition 0.56 | 112 | 1.20 | 1.20 | 0.81
Torars . 99.70 !100.()5 99.81 : 98.36 ;IO(D.GG 99.72

Quartz . . 45.54 | 37.17 | 40.51 | 20.51 | 26,46 | 34.09
Feldspar . . | 5416 | 62.32 | 56.07 | 76.65 | 73.00 | 64.44

ToraLs . 99.70 | 99.49 | 96.88 | 97.16 | 99.46 | 98.53

* In a paper, On the Lower Pal@ozoic Rocks of the South-East of Ircland, by Professor
Haughton, and J. Beete Jukes. Trans. R. L. Academy, vol. xxiii.
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A was from Ballymurtagh in the Vale of Avoca, county Wicklow,
from a depth of two or three feet in the rock, obtained by
blasting, natural colour pale grayish green, weathering white.

B From Carrickburn, county Wexford, pale grayish green, weathers
quite white, becomes in places nodular concretionary, having
balls from one to three inches in diameter.

C Bonmahon, county Waterford, pale greenish gray, stratified in
some places, in others columnar, translucent on edges.

D Benaunmore, near Killarney, columnar, greenish gray, compact
with facets of feldspar and globular specks of quarta.

E The rock called Pits Head, between Beddgelert and Caernarvon,
North Wales, pale green, semi-translucent, with facets of feldspar.

D is embedded in rocks of Old Red Sandstone, surrounded with
great beds of “ash” of the same composition as itself. The
others are all included in Lower or Cambro-Silurian rocks,
generally associated with similar “ ashes,” or “felstone tuffs.”

If we compare these analyses of felstone with those previously given
of trachyte and trachytic porphyry, we should be struck with their
resemblance. We may certainly say that some of the more highly
silicated trachytes would inclnde some of the less highly silicated
felstones. It is distinctly stated by Naumann (Lehrb. der Geog. vol. i.
p. 611) that according to Abiclh’s researches, Trachytic porphyry is an
intimate mixture of Sanidine, of Albite (or Orthoclase), and free Silica,
which latter is present to an amount of 25 or 30 per cent; which
accounts for the frequent appearance of crystalline granules of quartz.

There is, therefore, no essential difference in composition between
such a variety of Trachyte and some of the Felstones.

The most usual form of Felstone is one which is perfectly compact,
sometimes as much so as a porcelain without the glaze. In other cases
a few half-formed facets of feldspar will be seen glancing here and there
in the mass. It passes then into a variety in which crystals of feldspar
become numerous, and from that into a granular aggregate of crystals
of feldspar and quartz, or a rock which is sometimes called a quartz-
iferous porphyry (quartzfithrender porphyr, porphyre quartzifere).

This latter rock is known in Cornwall frequently to occur in the
form of dykes, which are called “clvans,” and it appears to me that the
term “elvanite” might be adopted with advantage instead of the more
cumbrous designation of “quartziferous porphyry” This rock forms
one of the intermediate gradations between Felstone and Granite.

When in a ground mass or base of compact felstone, distinct crystals
of Feldspar lie scattered about, the rock then becomes a prophyritic
Felstone, or Felstone porphyry. It not unfrequently happens that the
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scattered crystals of feldspar are of a different colour from the base,
and the rock may then be used as an ornamental marble, and spoken
of simply as Porphyry.*

In the Report of the progress of the Geological Survey of Canuada
for the year 1858, some White Traps are spoken of as a kind of
trachytic rock, and nalyses given of them by Mr. Sterry Hunt, from
which they seem to be certainly felstones.

17. Pitchstone or Retinite uppears to be a variety of felstone, having
a more vitreous character, and a resinous lustre ; whence it derives its
name. It is of many colours, varying from black to green, gray, and
vellow. It might perhaps be called the obsidian of felstone.

Some pitchstones are varieties of trachyte rather than of felstone,
and occur about voleanoes ; these may perhaps be looked upon as stony
obsidians. In other places, however, pitchstone oceurs under circum-
stances which would cause it to be looked upon as a trap rock rather
than an actual lava.

Durocher gives it the following composition.

Specific gravity, maximum 2.36, minimum 2.31, mean 2.34.

Maximum. | Minimum, Mean,

Silica . . . 74.0 62.0 70.6
Alumina . . . 17.0 11.0 15.0
Potash . . . 6.0 0.0 1.6
Soda . . . . 3.0 1.5 2.4
Lime . . . . 1.5 1.0 1.2
Magnesia . . . 2.0 0.0 0.6
Oxides of iron and } 40 1.0 2.6

manganese ,

Loss by ignition . . 8.5 0.0 6.0
100.0

Clinkstone is frequently spoken of as a trappean as well as a veleanic
rock, but it is probable that many of the rocks so described would not
come within the definition of clinkstone given before, and ave only
platy, flaggy, and laminated (perhaps even “cleaved”) varicties of
felstone. Other true trappean clinkstones, however, are probably the
hydrated varieties of felstone, just as volcanic clinkstone is a hydrated
truchyte.

* The literal meaning of the word ‘‘porphyry " is purple, because the earliest used stones
of $his description had their prevailing hue of a deep red.
E
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GREENSTONE, OR HORNBLENDIC TRAP.

Greenstone is an old and well-known name for a numerous and
important class of trappean rocks. It is a translation of the German
Griinstein, and may be taken as synonymous with the French Diorite.

20. Greenstone consists of a mixture of feldspar and hornblende,
varying in texture from a fine-grained compact rock, in which the
crystalline state of the minerals is barely discernible with a lens, to a
coarsely crystalline aggregate. Its colour is generally a dull green,
varving from light to dark green, sometimes almost black. In some
varieties, on the other hand, where the feldspar is very white and in
great quantity, the rock might be described as white speckled with dark
green spots. It weathers to a dull dark-coloured brown, the weathered
blocks being generally massive and well rounded, and covered with
patches of white lichen. On breaking open the weathered part of a
greenstone and testing the rock with acid, we almost invariably find
that it will effervesce along the inner border of the weathered portion.
Many greenstones, also, even when apparently unweathered, effervesce
with acids along the minute ‘cracks and pores in the mass.

The feldspar of greenstones is commonly presumed to be albite, or
oligoclase, but it is generally difficult to determine its variety with
precision ; in some of the rocks which come under this head augite or
hypersthene, or some similar mineral, is substituted for hornblende.
Mica, of a dark brown colour, sometimes occurs (as in some of the
Wicklow greenstones) either in distinet plates, or as coating the
surfaces of small crevices or those of the other crystals.

M. Delesse says that many rocks hitherto classed as greenstone contain
no hornblende, their green colour being the result of the greenness of
some of the feldspar composing them. These, then, would probably come
under the head of one of our crystalline felstones.

Greenstone, like felstone, becomes sometimes porphyritic, in con-
sequence of one or other of its constituents forming distinet crystals ina
compact mixture of the rest, or larger disseminated crystals in a fine
grained cry~talline base. When the greenstone is quite compact and
dark coloured, it is not, perhaps, very easy to distinguish it from basalt
by any external characters.

The preceding description of greenstone is sufficiently general to
include a number of rocks which have received different particular
designations from different German and French authors.

Durocher includes among his basic rocks four varieties, which may
be called trap rocks, as distinguished from the others, which may be
classed as lavas. These we may include under the general name of
Greenstone, and look on them as varieties of that rock.
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Diorite, a coarse or fine-grained mixture of albite (or oligoclase) and
hornblende, and therefore a typical greenstone. When the hornblende
greatly predominates, it is called by Naumann dmphibolite.

Both Senft and Naumann say that it often contains crystalline
grains of quartz ; if so, it is no longer a basic rock, but becomes, to all
intents and purposes, a Syenite, and should therefore be no longer
spoken of as either Diorite or Greenstone. They say also that in some
Diorites the albite is replaced by labradorite, or even by anorthite.

The orbicular diorite of Corsica (sumetimes called Corsican granite)
is a remarkable variety of the rock.

Durocher gives the following as the composition of Diorite :—

Specific gravity, maximum 3.20, minimum 2.80, mean 2.66.

Maximum. | Minimum. | Mean.
Silica . . . 60 48 53.2
Alumina . . . 20 13 16.0
Potash . . . 2 0.5 1.3
Soda . . . 3 1 2.2
Lime . . . 9 3 6.3
Magnesia . . . 10 2 6.0
Oxides of iron and } 20 10 14.0

manganese . .
Loss by ignition . 2 0 1.0
100.0 .

Diorite often becomes porphyritic, large crystals of hornblende or albite,
or both, appearing in a fine-grained base of Diorite.

Euphotide, Gabbro, Serpentinite, Diallage Rock, is described as a
coarse or fine-grained rock, generally of a palish green, or gray, but
sometimes olive or greenish-brown colour, with sometimes a granitic,
sometimes a porphyritic look.

It is composed of labradorite and the variety of hornblende called
diallage. The labradorite is sometimes of the variety called Sausserite
and the diallage of the variety called smaragdite, differences which
affect only the lustre or colour of the rock.
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Specific gravity, maximum 3.10, minimum 2.85, mean 2.95.

Maximum. | Minimum. Mean.
Silica . . . 54 45 49.0
Alumina . . . 17 12 15.0
Potash . . . 1 0 0.3
Soda . . . 4 0.5 2.5
Lime . . . 14 6 9.5
Magnesia . . . 15 7 9.7
Oxides of iron and } 14 8 115

manganese

Loss Ly ignition . . 6 1 2.5

.. 100.0

Hyperite—This term is not used by Naumann.  Senft makes it a
family term, and includes under it the rocks Eclogite, Gabbro, and Hy-
persthenite.  Durocher makes it one of his principal terms, and, I
conclude, adopts it as 8 synonym of Hypersthenite,

Hyperite or Hypersthenite is a mixture of labradorite and hyper-
sthene, sometimes tine grained, sometimes excessively coarse, as in St.
George’s Bay, Newfoundland, where I have myself seen the rock ; and
where it consists of the two minecrals in crystals as large as the fist.
The hypersthene is a dark brown, inclining to black, and the labra-
dorite is green, with glancing shades of Llue and red.  When fine
grained; the rock resembles Diabase or Aphanite of a dark brownish
green, or a pale green, according to circumstances.

Specific gravity, maximum 3.10, minimum 2.85, mean 2.95.

Maximum. | Minimum. Mecan.

Silica . . . 55 48 51.8
Alumina . . . 16 12 14.5
Potash . . . 1 0 0.2
Soda . . . -3 1 2.0
Lime . . . 9 5 7.6
Magnesia . . . 14 6 9.3
Oxides of iron and } 19 a 140

manganese “. i

Loss by iguition . . 1 (] 0.6
100.0
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Melaphyre—~—Senft’s description of this rock is the following :—An
indistinetly mixed rock, of dirty greenish brown, or reddish gray, or green-
ish black-brown, passing to a completely black colour, hard and tough in
the fresh state—in which appear crystals of reddish gray labradorite,
with magnetic titaniferous iron ore, and commonly with some carbonate
of lime, carbonate of iron, and ferruginous chlorite (Delessite) sometimes
in crystalline grains ; sometimes compact or earthy, sometimes porphy-
ritic or amygdaloidal.  According to Durocher it has :—

Specific gravity, maximum 2.95, minimum 2.75, mean 2.85.

Maximum. | Minimum. ’ Mean.

Siliea . . .| 55 49 | 522
Alumina . . . 25 18 | 216
Potash . . . 3 0 i 1.5
Soda 6 2 4.0
Lime . . . 8 4 ’ 6.2
Magnesia . . . 5 3" l 4.0
Oxides of iron and } 12 5 9.0

manganese l

Loss by ignition . . 3 1 1 1.5
' 100.0

This is a term which may be very uscfully adopted among us for those
black varieties of fine-grained rock that scem intermediate between
ordinary green greenstone and black basalt.

Besides the foregoing rocks, there are several others, some of which
both Senft and Naumann group together under the head of Diabase or
Diabasite.

Dinbase is gail to be a mixture of the feldspars labradorite or
olizoclase with augite (or pyroxene), and often with chlorite, and rarcly
unimpregnated with carbonate of lime.

It seems to differ from diorite, thercfore, chiefly in having the
magnesian silicate in the form of augite instead of hormblende, and
being altogether a more basic mixture, as ghewn by the presence of
chlorite and carbonate of lime.

It may be called augitic greenstone, as diorite may be called horn-
blendic greenstone.

It is said sometimes to have a porphyritic, and sometimes an amyg-
daloidal texture. Naumann confines the term Greenstone to Dinbase.

Aphanite appears from Senft’s description to be a compact or exceed-
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ingly fine-grained variety of diabase, generally of a greenish-gray,
greenish-white, or blackish-green colour, a litte augite or chlorite being
added to the diabase mass.

Lherzolite, according to Naumann, is a coarse-grained compact aggre-
gate of augite (pyroxene), of an olive green, brown, or gray colour, some-
times variegated in streaks or spots shading into each other.

Variolite is, according to Naumann, a compact or aphanitic green-
stone (diabase) mass, in which are developed small concretions from the
size of peas to that of nuts of a greenish-white or gray, or a violet-gray
colour, giving it a pock-marked appearance, whence its name.

Calcaphanite—When these grains or nodules consist of calcspar,
Naumann calls the rock by this name.

Kersantite is a name of Delesse’s for a micaceous diorite, consisting
of oligoclase, blackish brown magnesia mica, and a little greenish horn-
blende. Possibly the micaceous greenstones found at Westaston in the
county Wicklow might be included under this appellation. Professor
Haughton (in the paper before quoted), gives the following analyses of

these greenstones,
I IL

Silica . . . 52.08 . . 57.88
Alumina . . . 15.60 . . 15.20
Peroxide of iron . 5.75 . . 7.50
Potash . . . 3.80 . . 3.03
Soda . . . 2.92 . . 2.67
Lime . . . 6.52 . . 4.81
Magnesia . . . 8.40 . . 6.34
Protoxide of iron . 2.57 . . 1.35
Loss by ignition . 2.24 . . 1.04

99.88 99.82

L is a dark greenish gray rock, with glancing surfaces of bronze
mica, and alternating parallel facets of feldspar of high lustre, no homn-
blende being visible, the feldspar being the chief ingredient, though the
mica is most conspicuous.

IL. is a fine-grained crystalline rock, forming part of the same mass
as No, L, made of white feldspar and mica, which is sometimes also
white, but passes into a greenish amorphous mineral, which is neither
hornblende nor chlorite, but apparently a leaden-coloured greenish
mica, in nearly equal quantity with the white feldspar. (Trans. R. L
A, vol. xxiii. p. 619.)

To the rocks desceribed above may be added—

Eclogite, a coarse or fine-grained mixture of green smaragdite and
red garnet, and a sub-varicty of the same, called
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Disthene rock, from its containing the mineral disthene or cyanite,
which is allied to the garnets.

It may, however, be very well doubted whether these are in reality
igneous rocks. They are perhaps more likely the products of meta-
morphism.

Serpentine or Serpentinite—We have already seen that the mineral
serpentine is a hydrated silicate of magnesia. Serpentine rock is com-
posed of that mineral alone, or of mixtures of it with other minerals,
such as carbonate of lime, alumina, ete. It has been described as an
igneous rock, and some varicties of greenstone may perhaps be unylis-
tinguishable in composition from serpentine; but it may well be
doubted whether true Serpentine be any thing else than a metamorphic
rock. See Chapter on Metamorphic Rocks, jiostea.

Durocher speaks of Serpentines as being the “ degradation of lasic
rocks,” and gives the following as their composition :—

Specific gravity, maximum 2.66, minimum 2.50, mean 2.58.

Maximum. | Minimum. Mean,
Silica . . . . 45.0 = 400 42.5
Alumina . . . 3.0 0.0 *().8
Potash . . 0.0 0.0 0.0
Soda . . . . 0.0 0.0 0.0
Lime . . . . 3.5 0.0 0.8

Magnesia . . . 44.0 I 34.0 39.5

Oxides of iron and } 80 1.0 3.4
manganese

Loss by iynition . . 15.0 9.0 13.0

I
!
| ‘ 100.0

It will at once be seen that this composition is entirely different
from that of any of the truly igncous rocks.

“ White Rock” Trap.—Greenstone in some cases loses its dark colours
and becomes almost white. Dykes of “ white rock” trap proceeding
from the greenstone of the south Staffordshire coal-field look sometimes
like an earthy variety of Felstone, and might, unless carefully examined,
be even mistaken for sandstone, except that they send intrusive veins
through the coal and other rocks, and alter them.

The late Mr. Henry determined the composition of a specimen of
this “ white rock ” trap as follows :—
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Silica . . . . . . 38.830
Alumina . . . . . 13.250
Lime . . . . . . 3.925
Magnesia . . . . . 4180
Soda . . . . . . 0971
Potash . . . . . 0422

Protox. iron . . . . 13.830
Perox. iron . . . . . 4335
Carbonic acid . . . . 9.320
Water . . . . . 11.010

100.073

*The presence of so large a quantity of carbonic acid and water
makes it appear very different in composition from any of the green-
stones just mentioned, but if we regard these two substances as of sub-
gequent introduction by percolation, and as having entered into the com-
position of the rock as metamorphic agents, some of the silicates having
been decomposed and converted into carbonates, and others of them
becoming hydrated, there will e no difficulty in supposing the rock to
have formed originally part of the greenstone mass from which the
dykes proceed. Disregarding the carbonic acid and water, the compo-
sition 6f the rock would be—

Silica . . . . . . 488
Alumina and Perox. iron . . L2211
Protoxide bases . . . . 290

99.9

A composition not materially differing from that of basalt or the more
basic varicties of greenstone to be found in the preceding pages,

Basalt, like clinkstone, must also be enumerated among the traps
as well ag among the lavas, since it may be very difficult to say, with
respect to some masses of basalt, that they were ¢jected from what
might be truly describied as a voleano.

Claystone, or Wacke, is sometimes spoken of as a trappean rock. It
is probably either a compact basalt or greenstone, in a decomposed and
earthy state, or an ash partially hardened and consolidated.

MECHANICALLY FORMED ACCOMPANIMENTS OF THE TRAPS.

The trap rocks, both of the felstune and of the greenstone class,
like the trachytic and doleritic lavas, are accompanied by their re-
spective “ashes” or ¢ tuffs.”

41. Feldspathic Ash is usually a rather coarse-grained flaky rock,
with little nodular grains enveloped in the flakes It is generally of u



TRAPPEAN ASH. 81

pale green, pale gray, or white colour. It has often a soapy feel to the
touch, and might be then called chlorite-schist by many persons. The
nakes may sometimes be easily detached, and are then found to be
translucent, and can readily be ground down into powder. Other varie-
ties are much harder and more compact, and there is, in fact, every
gradation from a soft ash into a compact felstone, undistinguishable-
from solid trap, the ash having been consolidated either by pressure or
by heat, or by both combined.

When decomposed, the ash has often a brown or yellow rusty stain,
and it is rare to find a feldspathic ash that will not effervesce slightly
with acids, either on its general surface or in its minute crevices. Some
ashes, even those that have most the appearance of solid trap, shew casts
of fossils, and many contain angular fragments of slate and other rocks,
clearly betraying their mechanical origin. Some even contain crystals
of feldspar, which make the rock look like a porphyry, until closely
examined, when the crystals are found to have their angles worn, and
to have been more or less weathered and rounded before they were in-
cluded in the hase.

Along with these also, there generally occur angular or rounded
fragments of felstone, slate, or other rocks, of every size up to blocks of
6 or 8 inches in diameter ; the rock then becoming a trappean breccia or
cunglomerate, with either a hard and compact, or a loose and flaky Lase.

Sand is sometimes mingled with this base ; and there is then a pas-
sage from ash, through sandy ash and ashy sandstone, into pure sand-
stone.

The nodular concretionary structure, which I have previously men-
tioned as occasionally to be seen in some felstones, likewise occurs in
felstone ash very abundantly, and it is not always easy to determine
in these nodular concretionary trap rocks, whether the rock was origi-
nally & molten trap or an ash that was afterwards consolidated. In
cither case the nodular concretions are of subsequent origin, like the
concretionary nodules in shales and clays. The comparatively soft and
flaky base in which the nodules are enclosed may either be the original
ash, or it may be part of the trap which acquired that texture on the
formation of the nodules. These nodules vary from the size of nuts
to that ef the fist; but are sometimes still larger, and the whole mass
of the rock made up of them.

42. Greenstone Ash is perhaps still more various in composition
than that of felstone, from which it differs in being usually of a darker
colour. It often effervesces with acids, and even to a greater extent
than felstone ash, as we should expect from its origin.

One well-marked variety i3 a quite compact rock, of a pale green-
ish-brown hue, speckled with small Llack spots.
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Another is a flaky coarse-grained ash, like that of felstone, but of a
darker green or olive colour. This sometimes contains embedded crys-
tals of hornblende * that have had their edges rounded and worn, to-
gether with angular or rounded fragments of other rocks.

Another variety of greenstone ash is a dark hornblende slate, pass-
ing into hornblende schist ; and it is very possible that many horn-
blende schists, actinolite schists, etc., are metamorphosed ash-beds.

It is obvious that rocks thus made chiefly or entirely of igneous
materials would more easily be metamorphosed than purely siliceous or
argillaceous rocks, and would then be converted into rocks having all
the appearance of trap. If they contained crystals of feldspar or horn-
blende, such altered rocks could not be separated from porphyries.

I would venture also to suppose, that the rocks spoken of by the
Germans as Greenstone slate, or as slaty Diorite, slaty Diabase, etc., are
in reality the ashes of those rocks, and believe that much of that which
is called Wacke is of similar origin.

Many examples are to be found in the south of Ireland, in the
parts examined by the Geological Survey, especially in the county
Limerick, of these tuffs or ashes derived from greenstone, or from some
basic trap rocks. They vary from the finest grained, almost porcellanic
looking rock of a pale green or dull purple colour, through every grada-
tion of texture, up to angular and rounded breccias, and conglomerates.
The fragments and pebbles in these trappean breccias are either por-
tions of trap, or fragments of limestone, sometimes of some inches in
diameter, and they form great beds, several hundred feet thick, inter-
stratified with beds of Carboniferous limestone, and surrounding bosses
of trap, from which thick widely-spread flows or sheets proceed, running
for many miles.

Some of these trappean ashes with pebbles of Carboniferous lime-
stone, forcibly reminded me of the volcanic ashes in the islands of
Erroob and Maer (or Darnley and Murray Islands), in Torres Straits, in
which pebbles of coral limestone were included together with pebbles
of the lava flows of which the islands were partly composed.

Some of the greenstone ashes and breccias in the Carboniferous
rocks of Limerick, as also in the older Silurian rocks of the county
Wicklow, contain fragments of vesicular greenstone such as is not
known in situ anywhere in the neighbourhood. It is probable that
these scoriaceous fragments are derived from the upper surface of the
old trap stream when first poured out, that upper surface having been
destroyed and swept away before the lower part of the trap was covered

* Near Black Ball Head, county Cork, i3 a ¢liff of such a greenstone ash, in which erys-
tals of hornblende, three inches wide, have been seen.  They are dull and worn externally,
but internally quite bright and glistening.
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by the deposit of the aqueous rock which now covers it. These scoria-
ceous pebbles are interesting, therefore, as the only relics of a former
vesicular and almost pumiceous covering, which would assimilate the
old trappean flows with those of recent volcanoes. (See paper on Igne-
ous Rocks of Arklow Head.—Journal Geol. Soc. Dub., vol. viii., p. 23.)

The trappean ash of county Limerick answers precisely to the rock
known in Germany as Schaalstein or Spilites, and has been described
under the latter term by Mr. Ainsworth in the first volume of the
Journal of Geol. Soc. Dublin. '

The beds commonly known as “ red ochre,” which lie between the
great basaltic bands of county Antrim, are unquestionably “ basaltic
ash,” a fact of which I convinced myself in a recent examination of
them. They consist of pinkish and yellowish ferruginous trappean
powder, enclosing angular fragments of minutely vesicular trap, and
containing in some places concretions of red pisolitic hematite. In
other instances they pass into a brown compact earthy clay, the
“wacke” of continental writers, and probably the “claystone” of
Jameson, but they are all the contemporaneous accompaniments of
the eruptions from which the basaltic flows proceeded, and the more
minutely vesicular (almost pumiceous) fragments they contain are the
more frothy parts of those flows, either blown from the orifices and
falling into the sea, or swept from their surface immediately on their
first cooling.

In the preceding descriptions of the volcanic and trappean rocks
it has been my object to give such an account of them as may enable
the student to identify the more marked varicties. It will ordinarily
be sufficient for him to determine in the field whether a lava be a
trachyte or siliceous lava on the one hand, or a dolerite or basic lava
on the other; and similarly among the traps, whether it be a siliceous
trap or felstone, or a basic trap or greenstone. The varieties of each
class may very safely be left undistinguished until the specimens come
to be arranged in the cabinet of classified rocks, after they have
been submitted to chemical analysis, or other more exact methods of
examination than can be pursued in the field.

III.—The Granitic Rocks.

It has been once or twice pointed out in the preceding pages that
the volcanic and trappean rocks are readily divisible into two series,
according to the relative proportions of the acid (ilica), and the earthy
and alkaline bases which enter into their composition.

The siliceous lavas or trachytes consist of the most highly silicated
feldspars, and some of their varieties are said even to exhibit quartz in
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consequence of having more silica than could be absorbed by their
basic constituents. In the siliceous traps or felstones this is always the
case, and the rock consists of a mixture of uncombined silica or quartz
and of the most highly silicated feldspars. It would obviously be most
unlikely that the more hasic feldspars (bisilicates), such as labradorite,
should have been produced in such rocks, since the proportionate
quantity of silica present was not only enough but more than enough
to have made them into trisilicates.

In the felstones proper, however, the quartz although existent
rarely becomes visible, or, if it does, only appears as detached globular
particles widely scattered in the mass. In the felstone and trachytic
porphyries indeed, quartz is said sometimes to occur in perfect erystals
of double pyramids (Baron Ricktofen Proceed. Imp. Geol. Inst. Viewna,
March 15, 1859, as abstracted in Geol. Journal, vol. 15), but this must
be lovked on as an exception to the general rule.

In all the granitic rocks, on the other hand, quartz is not only
present but visible, the existence of crystalline particles of quartz, inter-
tangled with the crystalline particles of the other minerals, being their
most essential character. It is, however, remarkable that quartz never
forms in granite perfect erystals, whereas the feldspathic ingredients
frequently do so, and the micaceous not unfrequently. The feldspars
orthoclase, albite, or oligoclase, were then solidified previously to the
(uartz, an anomaly to be explained perhaps by the fact of a difference
hetween the point of fusion and the point of solidification in the minerals,
and by the protracted viscosity of the quartz. This may be owing to
the slow refrigeration of the mass, allowing the highly siliceous minerals
to crystallize in a magma of silica, while the more rapid cooling of the
porphyries and trachytes produced a mixed feldspathic paste only, in
which some crystals of quartz were generated (i.)

Professor Haughton has well spoken of felstone as the “glass of
granite.”

Granite then may be looked upon as the original rock from which
the purely feldspathic or highly silicated traps and lavas have proceeded
direetly, the differences between them being due rather to the circum-
stances under which they have been cooled and consolidated, than to any
essential distinetion in their ingredients, It is a difference of texture,
not of composition.  Granite, however, may equally be looked upon as
the original mass of the more basic traps and lavas, if we conceive that
to an original molten mass of granite a quantity of the more fusible
bases were in some way added.

There exist in nature rocks which are apparently the intermnediate
steps or passages from granite into two kinds of trap rocks.  When «
felstone becomes distinetly crystalline granular, so as to consist of au
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aggregate of crystalline particles of feldspar and quartz, it only requires
the addition of somne micaceous mineral to become a true granite.

When, on the other hand, a greenstone is coarsely crystalline, so as
to form an aggregate of crystalline particles of feldspar and hornblende,
it anly requires the appearance of crystalline granules of quartz to be-
come a true syenite, which is but a modification of granite.

43. @ranite—True Granite, in its ordinary form, is one of the most
easily described and certainly recognized of all rocks. Itisa fine or
coarse-grained crystalline aggregate of the three minerals feldspar, mica,
and quartz. Its name is sometimes said to be derived from its granular
structure, but Jameson derives it from “geranites” a term used by
Pliny to designate a particular kind of stone.

Ordinary granite varies according to the composition of the feldspar
and mica composing it, according to the relative proportions of those
minerals to each other and to the quartz, and according to the size of
the crystals, and the state of aggregation of the several constituents.

The feldspar of granite may be either orthoclase or potash feldspar,
frequently flesh-coloured, but sometimes white ; albite or soda feldspar,
generally dead white ; an intermixture of those two minerals; or lastly.
the feldspar called oligoclase.

The kind of feldspar seems sometimes to be peculiar to the locality,
the granite of the south-east of Ireland containing orthoclase only,
some of that of the Mourne Mountains albite as well as orthoclase,
while the Scandinavian granites have mostly oligoclase.

The mica of granite varies greatly in colour and lustre, being some-
times dark, coppery-brown, sometimes black, sometimes green, sometimes
golden yellow, and sometimes a pure silvery white.

The quartz i8 commonly colourless or white, but sometimes dark
gray or brown.

The proportions of the three constituents vary indefinitely, with this
limitation, that the feldspar is always an essential ingredient, and never
forms less than a third, rarely less than half of the mass, and generally
a still larger proportion. Sometimes the mica, sometimes the quartz,
becomes so minute as to be barely perceptible.

The state of aggregation of the mass varies also greatly, some granites
being very close and fine grained, others largely and coarsely crystalline.
The colours of the rock are generally either red, gray, or white ; the
first when the feldspar is flesh-coloured, the latter when it is pure white,
the intermediate gray tints depending chiefly on the abundance and
colour of the mica, but sometimes on that of the quartz.

Large and distinet crystal of feldspar sometimes occur, disseminated
at intervals through the masg, giving the rock a porphyritic texture.
It is then called Porphyritic Granite,
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In the paper before quoted from the Transactions of the Royal
Irish Academy, Professor Haughton gives a very complete account of the
constitution of the largest granitic mass in the United Kingdom, that,
namely, that stretches south of Dublin for a distance of seventy miles.

The following is the mean of the analyses of eleven specimens from
so many different parts of the chain : —

Maximum. | Minimum, Mean.

Silica . . . 74.24 70.28 72.07
Alumina . . . 16.68 12.64 14.81
Peroxide of iron . 3.47 1.08 2.22
Potash . . . 7.92 3.95 5.11
Soda . . . . 3.53 0.54 2.79
Lime . . . . 2.84 0.67 1.63
Magnesia . . . 0.53 0.00 0.33
Protoxide of iron . 0.30% 0.00 0.00
Loss by ignition . . 1.39 0.00 1.09

100.05

Professor Haughton shews that the granite having the above average
composition consists of four minerals, orthoclase, two kinds of mica,
and quartz, confusedly embedded in a feldspathic paste.

The feldspathic paste does not assume any definite crystalline form,
and, therefore, is not considered to be entitled to the name of a definite
mineral. It contains nearly 4 per cent of both potash and soda, and
seems to be the superfluous matter in the original mixture which re-
mained unused, as we may say, when the other minerals formed.

Having analysed, separately, the distinct minerals orthoclase, the
white wmica or margarodite, and the black mica, which he shews to be
lepidumelane, and having assumed that the feldspathic paste is at all
events a trisilicated feldspar (which it must be from the presence of
free silica in the rock), Professor Haughton calculates the proportions
of cach mineral, and gets the following as the mineralogical constitution
of the granite :—

Quartz . . . . . 27.66
Feldspar . . . . . 5294
Margarodite . . . . . 1418
Lepidomelane . . . . b.27

100.05

* In one case only.




GRANITES. 87

that is to say, rather more than a half feldspar, rather more than a
quarter quartz, and the rest two kinds of mica.

Having established the constitution of this great mass of granite,
and shewn its constancy throughout its extent, he then proceeds to
examine the composition of a number of granitic bosses that protrude
through the slate rocks between the main chain and the sea. These
were found not only to differ in composition from the main chain
granite, but to differ also among themselves, so that no two of them
were exactly alike. Among nine specimens analysed from as many
different localities, the per centage of silica varied from 66.6 to 80.24,
that of alumina from 11.24 to 18, while in the majority of them the
per centages of soda and lime were greater, and sometimes considerably
greater, than those of potash., It is believed that these irregular differ-
ences resulted from the differences in the composition of the particular
aqueous rocks with which the granitic masses came in contact. A por-
tion of these rocks is supposed to have been absorbed and melted down
into the granite.

In one of these detached bosses—that of the hill known as Croa-
chan Kinshela—a specimen taken from the head of a valley as deep
into the granitic mass as we could reach, shewed a composition re-
sembling that of the main chain, while another specimen from the
summit of the hill nearer the original elaty envelope of the granitic
mass, deviated greatly from it in composition (Trans. R. L. A., vol. xxiii,,
P. 608, etc.), and contained chlorite instead of mica.

According to Durocher the following is the mean composition of
granite -—

Specific Gravity, maximum 2.73, minimum 2.60, mean 2.66.

Maximum. | Minimum. Mean.

Silica . . . 78.0 66 72.8
Alumina . . . 18.0 11 15.3
Potash . . . 9.0 4 6.4
Soda . . . . 2.5 0 14
Lime . . . . 1.5 0 0.7
Magnesia . . . 2.0 (] 0.9
Oxides of iron and 2.5 05 1.7

manganese .

Loss by ignition . . 1.5 0 0.8
! 100.0
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Comparing Professor Haughton’s mean of the Leinster granite with
this more general average, we learn that the granite of the south-east
of Ireland containg a rather larger proportion of sesquioxide of iron
replacing alumina, and of soda and lime replacing potash, than granites
usually contain ; the mean quantity of iron in the Irish granite being
nearly as great as Durocher’s maximum, and the mean quantities of
soda and lime being even greater than his maxima.

This is probably the reason why the main granite of the south-east
of Ireland ig o much less durable as a building stone than granite gene-
rally is.

+4. Syenite, in its true form, is a granitic rock. It is named from
the city of Syene, in Egvpt, where it is formed of a crystalline aggregate
of the four minerals feldspar, hornblende, mica, and guartz ; the mica
being in small and uncertain guantity.  We have already, however,
had occasion to remark, that syenite may be formed from either felstone
or greenstone, and we may look upon it therefore either as a local
variety of granite, or as a passage or transition rock between granite
aud tht traps.

True syenite, therefore, differs from granite solely in the fact of its
containing hornblende instead of mica, and may be described as a
crystalline granular aggregate of feldspar, hornblende, and quartz; the
feldspar being generally red, and the rock mottled red and dark ygreen,
from the occurrence of hornblende.  Some syenites, however, may have
white feldspar.

Naumann,* Senft, Cotta, and cther continental geologists, give a
rather different definition of syenite.  They say it consists essentially of
a mixture of orthoclase and hornblende, to which oligoclase, quartz, and
mica are occasionally added.  According to this definition, syenite
would differ from diorite solely in the difference in the feldspathic
ingredient, dicrite being a mixtare of albite (or oligoclase) and horn-
blende, to which quartz and mica may also be added.  This difference
would hardly appear sufficient to constitute a valil distinction, and
there is, moreover, this objection to it, that it is utterly unpractical.
No distinctions between rocks are worthy of much notice that cannot
be applied in the field, and it would be often quite impossible for any
one to determine whether the feldspathic ingredient of a fine-grained
rock were orthoclase or albite, by examination with the knife and the
lens only.

It seems better, therefore, on all accounts to fall back on the old
definition of syenite, which makes it a hornblendic granite instead of a

* Naumann, however, includes syenite in his “ Familie des Granites,” and not in his
other “ Families " of rocks.
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micaceous one, the presence of crystalline particles of quartz being an
essential characteristic.

This rock is probably the one called by Durocher syenitic granite,
of which he gives the following analysis.

Specific gravity, maximum 2.75, minimum 2.63, mean 2.68.

l Maximum, t Minimum. } Mean.
Siliea. . . .| 720 | I 69.0
Alumina . . . 17.0 l [ 150 .
Potash 60, | 3 | 42 |
Soda . 35 l 1 2.8
Lime . 4.0 1 2.2
Magnesia ! 4.0 ‘ 2 2.6
Oxides of iron an«l 5.0 l 9 3.2
manganese
Loss by ignition . 1.5 | 0 ‘ 1.0
I I 100.0

It is, however, quite possible that some rocks, the main mass of
which is a greenstone, may in some places begin to shew quartz, and
thus pass into a syenite ; the term Sycnitic Greenstone, thercefore, may
often be a proper one.

The Zircon Syenite of Norway and Sweden is a remarkable varicty
of the rock.

46. Eurite is a term applied by Delesse and some others to a fine-
mained crystalline aggregate of quartz and feldspar, where the mica is
cither absent or occurs in such minute flakes as to be invisible.

It generally occurs as veins or as local masses in other granites, and
rarely, I believe, as veins traversing other rocks at a distance from
granite.  These, therefore, are probubly veins of segregation or of
injection during consolidation, and not of long subseyuent formation.

Naumann and Senft, however, use the term partly for a granular
felstone, and partly for a schistose variety of gneiss.

Protogine—This name has been applicd to a rock said to be a
granite, in which tale took the place of mica. It was so called because
it was supposed to be the frst formed granite. The specimens of it
which I have seen, appeared to me to be metamorphic rocks and no
true granite, and the descriptions given by Naumann and Senft confirn
this opinion. ‘

Professor Haughton informs me, that in all the specimens of

E 2
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protogine from the Alps which he has examined, the dark green mineral
was not talc, but dull mica or chlorite, or some kindred mineral. I
can equally affirm, that all the rocks that I saw in a traverse across the
Alps in 1860, which could be classed under the head of protogine,
were not granites, but only beds of granitoid rock interstratified with
other highly metamorphosed beds.

Some granite seems to contain chlorite instead of mica, but as far
ay my own experience goes, it is only found on the upper or outer
margin of the smaller masses or intrusive bosses of granite.

The same observation may be applied to the very schorlaceous
granite of Devon and Cornwall, though schorl undoubtedly occurs in
small detached quantities deep in some granites.

47. Minette is a name for a fine-grained rock, consisting principally
of mica, but not having a schistose texture like mica schist.

48. Pegmatite is a crystalline aggregate of quartz and feldspar, in
which the crystals are arranged as if with a design to produce a certain
pattern, more or less resembling letters or characters (from the Greek
word “ pegma,” a coagulation). It is sometimes called Graphic granite.

49. Granulite is a similar composition, in which the quartz occurs
in thin flakes, 80 as to give a schistose texture to the mass, and is pro-
bably rather a variety of gneiss than of granite.

50. Elvan or Elvanite—Elvan is a Cornish term for a crystalline
granular mixture of quartz and feldspar, forming veins that are either
seen to proceed from granite or occur in its neighbourhood, and may
thus be readily supposed to proceed from it.

It has three varietics :—

(@) An equably crystalline mixture of quartz and feldspar, generally
fine grained. This may either be considered as a granite destitute of
mica, or a8 a granular felstone,

() A compact felstone base with dispersed crystals, or crystalline
particles of quartz, sometimes angular, sometimes rounded, and amyg-
daloidal. This may be considercd as a quartziferous felstone porphyry.

(c) A crystalline granular base of quartz and feldspar, with dis-
persed crystals of either quartz or feldspar.

The feldspathic portion of these rocks is often earthy, probably
from decomposition.

I would propose Elvanite as a good euphonious term, and 2s being
less cumbersome than the term of Quartziferous Porphyry, for those
combinations of quartz and feldspar which differ in texture from Eurite,
or Pegmatite.

Hillefinta and Aplite are names given by Naumann for rocks of
similar character to elvans, or perhaps, especially the first, to Felstones.

Miaskite is a coarse-grained mixture of white orthoclase, grayish
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or yellowish white eleolite (or nepheline, allied to scapolite) and black
mica, the eleolite sometimes giving place to hornblende, antl albite and
quartz appearing in the rock. It belongs rather to the traps than the
granites,

Greiss distinguished from Granite—In almost all books treating of
rocks, and especially in all the continental works, it is usual to find gneiss
mentioned in the same group with granite. I do not presume to deny
the existence of gneissose granite, since I cannot say that the minerals
forming granite may not in some cases arrange themselves with a certain
degree of parallelism, and thus produce an appearance of lamination and
a schistose structure in the mass. The only instance I have myszelf met
with of such an occurrence, is at the side of a granite vein at Dalkey,
near Dublin, where, however, it is only apparent for a few yard= in
length, and two or three feet in width. It is caused there by the
parallel arrangement of the mica plates, and only becomes obvious
when seen in situ, and it can be contrasted with the other part of the
vein in which the plates are variously disposed. In detached blocks
even of a foot in diameter, nobody would observe the arrangement, nor
would any one think of calling the rock gneiss.

I have examined gneiss and granite together in different parts of
the British Islands, in Central France, in Australia, and over large bare
tracts of it excellently exposed in Newfoundland, and never found any
difficulty in instantly perceiving the distinction between gneiss and
granite, even where the gneiss was most granitic in composition, and
where its beds were penetrated in all directions by veins of granite.

In the masses of granitoid rocks in the Alps the minerals are so
confusedly crystallized, that hand specimens or even blocks, or in some
instances large cliff surfaces might be considered as fairly entitled to
the name of granite. When examined on a still larger scale, however,
the “ behaviour ” of the rock, or its relation to the surrounding masses,
shews it not to be an intrusive igneous rock, but a bedded or stratified
one, s0 highly altered as to have assumed a granitic texture n sit, and
thus to be in fact lithologically a granite, white petrologically it is only
an extreme form of gneiss.

Absence of Ashes—As the granite rocks are all hypogenous or
nether-formed, that is, have all been consolidated before reaching the
surface of the earth, they are necessarily devoid of “ash,” or of any
mechanically derived accompaniments whatever.

Proportion of Silica—1It has been remarked above, that the relative
quantity of silica had a marked effect upon the nature of the rock ; that
among the lavas quartz only appeared in these trachyte porphyries
which were beginning to resemble granite; and that among the traps
it only appeared among those feldspar porphyries, which were closely
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allied to, and passing into, granite, while from the true gianites it is
never absent. It has been attempted from this to prove that the more
siliceous an igneous rock was, the more ancient it must be. Even
Abich says that we may, perhaps, thus deduce a rcale for the history of
the formation of the earth—those rocks which contain, as essential
constituents, ¢ trisilicates ” * of both their protoxide and peroxide bases
being “ primitive,” while those avhich contain quartz are called “ primi-
tive plutonic,” and those without quartz, “ primitive voleanic.”

M. Riviere also supposes orthoclase to be confined to the older,
labradorite to the more recent rocks. The other bases, too, as magnesia
and lime, have been supposed to characterize newer rocks than those of
soda and potash, and soda itself to be newer than potash.

I would venture to suggest that these mineralogical differences
depend upon space or locality rather than upon time; that the propor-
tionate guantity of silica is referable to the depth at which an igneous
rock has been cooled or eonsolidated, or to the nature of those it pene-
trated, rather than to the time at which it was formed. At great depths
in the carth, pure silica itself may possibly be fusedt by the intense heat
there to be met with, and the most refractory silicates may be equally
nolten at a somewhat less depth, and consolidate or crystallize on
hecoming cooler a little higher, while those portions of molten matter
containing a greater quantity or variety of bases which act as more
perfeet fluxes, may be kept fluid till they reach the surface, and thus
consolidate only in the air or in the water. '

Whether the more siliceous and the more hasic rocks once formed
part of a deep-seated homogencous molten mass, and were merely
separated from each other in their upwand passage towarnds the surface,
0 that the more siliccous were first arrested and consolidated while the
more basic proceeded ; or whether, the whole mass being originally
highly siliceons,a larger and larger proportion of the bases was acquired
during the passage of the molten rock through the higher part of the
cartl’s erust, and  thus the quantity of “ flux ” increased in proportion
as the heat and pressure diminizhed, may be matter for speculation.
We will not now stop to consider it farther, than to warn the student
not to take it for granted that the mineralogical and lithological com-
position or structure of any rock whatever has any necessary and deter-
minate relation to its geologieal age.  Granite might hecome solid at a
temperature that would keep felstone and trachyte still fluid ; and these
might solidify at temperatures which would keep molten all greenstones,

* That is according to the ordinarily nsed chemical nomenclature.  See ante, p. 20.

t It is stated by SirJ. Herschel (Outlines of Astronomy, 6th Ed., Chap. X1, Art. 502)
that Parker’s great lens concentrated the sun's heat to a suflicient extent to melt carnelian,
nzate, and rock erystal
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basalts, and dolerites, so that from the very same stream of igneons
matter proceeding from the interior to the surface of the earth, the
more readily fusible portions might be successively squeezed out, as it
were, as the infusible ones solidified and contracted in consequence of
that solidification.* This action might take place in spite of the greater
specific gravity of the more fusible minerals, since the difference in the
specitic gravities would probably be small compared with the power
of the eruptive force.

Traps and ('ranites the Roots of Volcances—1It is true, indeed, that
actual subaerial volcanoes, with cones, and craters, and coulées, or
streams of lava, are only known as recent geological phenomena—as
cither now active or as having been so during a recent geological period.
But we shall see hereafter reason to believe that the preservation of any
voleanic cones belonging to the more ancient periods was not to be
expected. The parts preserved from destruction and denudation are
the more deeply-seated portions only, the roots, as it were, of the vol-
cano, the very parts which we cannot see while the voleano is active
or entire, but which we do sec in some (such as those of the Mont
Dor) that are half ruined, and we then find these old lava roots to
be essentially the same as the traps; and we have already seen that
deeply formed trap is not to be separated by any hard line from
granite. If, therefore, we could follow any actual lava stream to its
source in the bowels of the earth, we should, in all probability, be
able to mark in its course every gradation, from cinder or pumice
to actual granite. )

Uranite passing dntv Trap—Not only do voleanic districts shew trap-
like or granitoid rocks near their roots, but many granitic districts
exhibit passages or transitions from granites into trappean rocks. Cases
have been formerly described by Drs. M‘Culloch and Hibbert, and one
very interesting one has lately been traced in detail by Professor Haugli-
ton. In his paper on the granites of the Mourne Mountain district of the
north-east of Ireland, he shews that near Carlingford there is a granitic
tract about five miles in diameter, of which Carlingford Hill is the
most conspicuous feature.

In Slievenaglogh, granite composed of

Quartz . . . . 20.70
Feldspar . . . . 66.37
Mica . . . . 12.76

’ 99.83

* The chemist is reminded of the fact, that if a mixture of metals, as, for instance, tin,
bismuth, and lead, be melted, they will, as the mixture cools, have a tendency to solidify
and crystallize sepamtely as the temperature of the mass reaches their gespective melting
points.  This constitutes a great difficulty in large bronze custings.
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passes into a granitic syenite composed of
Quartz . . . . 17.16

Feldspar . . . . 67.18
Hornblende . . . 15.40
99.74

At Grange Nish the latter variety penetrates the lower beds of the
Carboniferous limestone, and while the limestone is converted into a
sugary marble eontaining garnets, the granitic syenite is converted into
a greenstone composed of

Anorthite . . . . 85.84
Hornblende . . . 14.16
100.00

This greenstone * passes on the summit of Carlingford Mountain
into a hornblende rock.

Here we see that the granitic syenite containing a trisilicated feld-
spar and an overplus of silica, was, by absorbing a quantity of lime
while in a state of fusion, made into a rock containing a bisilicated
feldspar only, all the silica being used up in the compound, and the
quartz accordingly disappearing. The lime feldspar anorthite had
hitherto been supposed to occur only in volcanic rocks.—(Geol. Journal,
London, vol. xii., 1856))

Mr. Sorby's Observations on Granite—DMr. Sorby published in the
Geological Journal (zel. xiv., p. 453, etc) a very interesting paper on
the Microscopical Structure of Crystals, in which he shews that it is
possible to arrive at some remarkable conclusions as to the temperature
and depth at which the crystalline particles of granite and other igneous
rocks were formed.

Crystals formed from warm fluid solutions, are often full of cavities
which contain some of the fluid in which they were formed. If these
cavities are not completely filled with the fluid, the vacuity may be
taken as a measure of the shrinking of the fluid during cooling, and
we may then calculate the amount of heat requisite to expand the con-
tained fluid so as to completely fill the cavity, and thus arrive at a
knowledye of the temperature of the fluid at the time the crystal was
formed.

But crystals formed in fuids by fusion are also full of cavities which

** Professor Iaughton terms this a syenite, considering the other rocks as different
varietics of granite. 1 have, in accoriance with the nomenclature previously adopted,
termed the hornblendie zranite a syenite, and considered the rock as becoming a greenstone
or divrite when it loses its quartz.
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contain some of the fused matter now become solid stone, together with
vacuities, the relative size of which enables us to calculate the amount
of heat requisite to melt and expand the contained stone or glass so as
to fill up the whole cavity.

The effect of pressure has of course to be taken into account ; the
greater the pressure the greater would be the temperature of consolida-
tion requisite for the production of cavities and vacuities in the crystals,
8o that the relative sizes of these when the possible temperatures of
consolidation are taken into account, gives us an idea of the pressure
and possible depth under which the rock was consolidated.

Mr. Sorby applies these principles to the examination of many
igneous rocks, lavas, traps, and granites, and proves from them the
igneous origin of all, with this remarkable result, that the fluidity of
the more superficial lavas and traps was a more purely igneous one
than that of the deeper seated traps and granites. The blocks ejected
from Vesuvius during eruption contain water, while the lavas do not ;
and the crystals of the Cornish elvans, and the Cornish and Scotch
granites contain both fluid and stone cavities, proving the presence of
water, and perhaps also of gas, as well as the existence of great heat.
Mr. Sorby says—

“ On the whole, then, the microscopical structure of the constituent
minerals of granite is in every respect analogous to that of those formed
at great depths, and ejected from modern volcanoes, or that of the
quartz in the trachyte of Ponza, as though granite had been formed
under similar physical conditions, combining at once both igneous
fusion, aqueous solution, and gaseous sublimation. The proof of the
operation of water is quite as strong as of that of heat” He says that
in some coarse granites it is impossible to draw a line between them
and veins in which crystals of feldspar, mica, and quartz, seem to have
been formed from solutions without any actual fusion.

It is probable that traps and lavas which proceeded from this great
internal cauldron towards, or on to, the surface, would lose their gaseous
and watery constituents by evaporation.

Mr. Sorby arrives at the conclusion, that if granite and elvan finally
consolidated at a temperature not exceeding about 608¢ F., the elvans
of Cornwall must have been formed under a pressure equal to that
which would have been exerted by a thickness of about 40,000 feet of
rock, those of the Highlands of Scotland one of 69,000. Hls calcula-
tlons unite in giving these conclusions :—

The granites of the Highlands indicate a pressure of 26,000 feet
more than those of Cornwall.

The elvans of the Highlands, one of 28,700 feet more than those of
Cornwall.
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The metamorphic rocks of the Highlands, one of 23,700 feet more
than those of Cornwall.

If the temperature of consolidation was higher, the pressures must
have been greater.

It is not intended in his conclusions to point out the absolute depths
at which the rocks consolidated, since the pressure they were subjected
to would arise in part from the impelling force acting from below
against the superincumbent mass. -

Contraction of Iyneous Rocks on coohng-—Blschof has made some
important observations on the contraction of igneous rocks as they pass
from a fluid or glassy state to a consolidated condition—(0'drchive,
vol. iii. p. 598). .

He experimented on basalt, trachyte, and granite, and got the
following results :—

Volume in the state of Glass. In cerystalline state.
Basalt . . . 1 0.9298
Trachyte . . 1 0.9214
Granite . . . 1 0.8420
In the Fluid state. In erystalline state.
Basalt . . . 1 0.896
Trachyte . . 1 0.8187
Granite . . . 1 0.7481

From this it would appear that granite contracts 25 per cent, or a
quarter of its volume, in passing from a fluid to a crystalline state,
and 16 per cent in passing from a glassy to a crystalline state.  These
effeets must have had a great importance “ when the primary granites
were first cooling,” says M. D’Archiac ; but their iinportance seems to
me still greater to geologists who are examining the broken and con-
torted rocks on the flanks of existing granite chains,* and the phenomena
of intrusion which we shall hereafter meet with in such situations.

M. Deville and M. Delesse arrive at results rather different from
Bischof’s, and the latter gives the following table as comprising the
limits within which the several rocks mentioned contract on passing
from a fluid to a solid state.

Granite, leptynites, quartziferous porphyries, ete. 9 to 10 per cent.
Syenitic granite, and syenite . . . 8to9
Porph\n red, brown, or green, with or \\1thout

quartz, ha\ ing a base of orthose, oligoclase, '

or andesite . . . . . . 8 to 10

"

90

L]
* I would just warn the student here, that though there miay have been such a rock as
primitive granite, none of the granites now known at the surfuce can be shewn to have an
antiquity so great as that of some of the aqueous rocks with which they are associated.
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Diorites and porphyritic diorites Q.,'reenstones) . 6 to 8 per cent.
MelaphyTes . 5to7 ’
Basalts and trachy tes (uld wkamc l'ﬂ(,l\b) . 3tob ’
Lavas (volcanic and vitreous rocks) . . . 0to4 ”

M. Delesse sums up his results as follows :—

“When rocks pass from a crystalline to a glassy state, they sulfer a
diminution of density which, all things being equal, appears to be
greater in proportion to the quantity of silica and;alcali, and, on the
contrary, less in proportion to that of iron, lime, and alumina which
they contain.  In arrunging the rocks in the onder of their diminution
of density, those which we reganl as the more ancient are generally
among the first, while the more nodern are the latter ; and in cach case
their order of diminution of density is almost exactly the inverse of
their order of fusibility.”

On this I would remark as before, that for “ancient” and “ modern”
might be substituted “deeply formed” and “superficially formed ;" the
most infusible and the most contractible rocks being those produced at
the greatest depth and under the greatest pressure, while the highly
fusible compounds escape to the surface, and suffer little contruction on
solidification.

M. D'Archiac remarks that if granite contracts on cooling only 10
per cent, and that there be a thickness of 40,000 metres of it in the
crust of the globe, crystallization alone would diminish the terrestrial
radiug at least 1430 metres, and consequently alter the form and
rapidity of rotation of the carth. Such speculations are practically
useful only in a negative sense, a8 shewing the great improbability of
amt]ning like a shell of 40,000 metres having cooled and consolidated
at once in the crust of thL earth during any of the known geological
epochs,



CHAPTER V.
AQUEOCS ROCKS—MECHANICALLY FORMED.

WE are compelled to look upon the igneous rocks as original produe-
tions. We can only speculate, and that very vaguely, on what was the
condition of their materials previously to their being placed, in a molten
state, in the positions where they subscquently consolidated.

In our examination of thc aqueous rocks, however, we can go a
step farther back, and learn, either accurately or approximately, whence
the materials composing them were derived, and what was their previous
eondition.  This is true of all aqueous rocks, whether chemically, organi-
cally, or mechanically formed.

We will examine the mechanically formed rocks first.

PRELIMINARY REMARKS ON THE ORIGIN OF MECHANICALLY FORMED
AqQuEous Rocks.

The instrumeuts used by nature in the production of these rocks
are, moving water, whether fluid or solid (ice), and moving air.

Tle Sea—The sgea is probably never and nowhere stagnant. Cur-
rents, moving with greater or less rapidity, keep the whole ‘mass in
circulation ; so that we may look upon the ocean, through all its depths,
and in all its gulfs, bays, and recesses, as one great slowly moving
whirlpool.*

It is probable, however, that no currents produce any marked or
appreciable effects upon solid rock at great depths of water. The
mechanieal powers of the sea are principally brought into action by the
motion of its surface along the shores of all lands, and in its narrower
and shallower channels.  Sea-breakers along beaches, and at the foot of
cliffs, act like ever-moving jaws constantly gnawing at the land. The
currents caused by the ebb and flow of the tides along shallow shores
remove some of the eroded materials; the great oceanic currents of

* 8&ce Maury's Physical Geography of the 8Sea, and Johnstone's Physical Atlas, ete. It
is of course unlikely that there should be strong currents at great depths, and yet it appears

unlikely that any depth should be utterly stagnant, and not aflected by any motion, either
lateral or vertical.
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circulation, where they strike upon coasts, carry off others, and trans-
port all, either mediately or immediately, to greater distances,

Sometimes the breakers, after exerting a certain amount of destruc-
tive action, seem to raise a rampart against themselves out of the very
ruins they have caused, by the fall of the blocks and masses they have
undermined ; but the materials thus accumulated are often themselves
then attncked, and ultimately removed, and the coast laid bare for new
undermining action. Great accumulations of pebble beaches are common
along many coasts, and scem to remain stationary, since there are always
piles of pebbles to be found in the same places. If, however, these are
watched, the accumulations will often be found to consist of different
pebbles from day to day, each pebble being in its turn washed from its
place, which is occupied by another like it. The great Chesil Bank,
connecting the island of Portland with the mainland, and sixteen miles
in length, is a remarkable example of such an accumulation of pebbles,
the pebbles in any particular part of it being all much of the same size,
but each one travelling gradually onwards, and getting smaller and
smaller as it proceeds.

Sometimes waves and currents bring and deposit materials on shores,
and thus seem to produce rather than to destroy ; but those matters
have been themselves acquired by the destruction of land at other
localities, and are often eventually removed again by a change in the
direction of the currents, or other circumstances.

In speaking of the destructive action of water, indeed, we must
never forget that by destruction we do not mean annihilation, but only
re-arrangement. Rock forming “land,” that is, rock above the level of
the sea, is destroyed ; but its materials are carried off and deposited,
either in similar or in different combinations, to form rock below the
level of the sea.

Where the range of tide is considerable, some of these materials
may be deposited, and form rock between high and low-water mark.

Where the heave of the breakers is great, some of them may be
even cast up to a slight distance above lubh-wat,er mark, and rock may
be thus produced.

An interesting instance of the formation of land by the action of
the sea may be observed along the coast of Wicklow, between Grey-
stones and Wicklow Harbour. A great bank of pebbles has been
thrown up for about eight or nine miles in front of the old shore, and
sometimes more than half a mile from it. In some places, especially
near Wicklow, a previous sandbank had been formed as that called the
Murrough of Wicklow. These banks cut off from the sea a long and
narrow salt-water lagoon, to which the sea retained an entrance at the
gap between the pebble beach and the hard rocky headland at the town
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of Wicklow. The upper part of this salt water lagoon is now con-
verted into a marsh by the confluent deltas of the brooks coming from
Newtown Mount Kennedy, the waters of which now run into the sea
through the pebble beach. The lower part of the lagoon is in like
manner being filled up by the deltas of the Vartry and Rathnew brooks,
which will ultimately break through the pebble beach, opposite their
present mouths. The quantity of sea-water entering at the mouth
of the harbour is annually becoming less, in consequence of the
silting up or the upper part of the lagoon ; and the mouth of the
harbour, which is about two miles below that of the brooks, is therefore
more and more choaked with deposits during storms, which the scour
during ebb tide is less and less able to remove. The whole of the
Broad Lough, as it is called, will therefore be ultimately converted into
dry, or at least into marsh land, and the harbour itself obliterated, unless
artificial means be adopted to keep it open.

For instances of the erosive and destructive action of the breakers,
and the abrading and transporting power of currents, during historic
times, we must refer the student to Sir C. Lyell's Principles of
Geology, chapters 20, 21.

Along the eastern coasts of Scotland and England, as is proved by
old records, land existed far outside the present shore, the sites even of
important towns of the twelfth or fifteenth centuries being now under
the sea. Even still in many places whole acres are annually consumed,
and the total known destruction of the last few centuries is to be
measured sometimes even by miles.*

All Sea Cliffs formed by Erosive Action of Sea—When we have once
become aware of the erosive action that is now daily going on, and have
learnt to observe its progress and the marks of its action, we are soon
irresistibly led to the conclusion that all sea cliffs, crags, and pinnacles
of rock have been produced by the erosion and destruction of the
formerly more widely extended land ; and the height and extent of the
cliff, together with the hardness and durability of the rock composing
it, will give us a means of estimating the power of this action, and the
time consumed in it.

The estimate thus formed will never exceed, but may often fall far
short of the truth, inasmuch as the ultimate result of this agency is to
bury and conceal from our sight the monuments of its action. We
may feel quite sure that the cliff has been formed in consequence of
the removal of the rock which once fronted it, or intervened between

* While walking on the cliffs near Barton, in Hampshire, in company with Sir Charles
Lyell, in the spring of 1856, as we were looking down upon the shattered slope of fragmen-
tary and broken masses that stretch between their sammit and the beach, we were assured
by a farmer of the neighbourhood that they commonly reckoued their average loss per
annum at a yard of land all along the coast.
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it and the former position of the coast,—but we can never feel assured
how much land has been thus removed since the present partly destroyed
features of the ground may have once been protected by land with
different features of its own. Land, moreover, such as any island, may
at last be completely worn away and destroyed; all that was once
above the level of the sea being carried off and strewed over its bed,
leaving to us no visible record of the event.

Inland Cliffs, Precipices, and Mountain-pusses formed also by Erosice
Action of Sea—Buat when we feel ourselves entitled to take for granted
that all cliffs at the foot of which the sea is now beating, have been
produced by the erosive action of its waves, it only requires us to admit
that the land may have stood formerly at lower levels, so as to allow
the sea to flow over the lower parts of it, for us to see the probability
that all inland cliffs, scars, precipices, valleys, and mountain passes,
may have been produced in the same way.

The passes leading across the crests of great mountain chains could
have been produced by no other cause than by the eroding action of
the tides and currents as the mountains rose through the sea; what
are now “ passes” having then been “ sounds” or straits between islands.

The idea sometimes entertained that these gaps or passes on the
crests of mountains have been formed by convulsive fractures and
gapings of the surface, produced by disturbing forces proceeding from
the interior of the earth, is in all cases an erroneous one. Its mistake
can always be shewn by examining the floor of the pass, when the
rocks will be seen to stretch across it unbroken by any fracture, and as
solid and undisturbed as in any other part of the mountain. Isolated
crags and precipices, or long lines of cliff and of steep slopes, looking
down upon broad plains, must have in like manner been formed by the
sweeping power of the sea. Broad open valleys attest a similar origin,
and speaking generally, the principal features in the form of the
ground in all lands have been produced by this wide-spread action.

The removal of vast masses of rock, therefore, by this agency, and
its transport to the beds of neighbouring seas and oceans becomes
certain. The results of this erosive action are exhibited to us often in the
most striking manner in the gorges and ravines of mountain slopes,
but low gently undulating grounds frequently present examples of it
that are in reality still more wonderful ; since geologists can prove that
such grounds were once covered by great mountains, or at least by
masses of rock which were equal in bulk to the greatest of existing
mountains, and that these vast masses have been ground down and
utterly removed and swept away, so that we have now left merely the
base on which they stood.

To such agency we can only allude here in brief and general terms,
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so as to prepare the student to estimate rightly the forces and the
actions which we shall have to consider in their proper place.

Rain—The sea, however, is not the sole agent of the destruction of
that portion of rock at or above its level, which we call land. All rain
falling upon land, and either running over its surface or draining
through its interior, is constantly abrading and carrying off particles of
pre-existing rock in the shape of mud, silt, and sand. From the
gutters and the ditches, from the rills, the streams, and the brooks,
these materials for the building of mechanically formed rocks are almost
unceasingly being carried into the rivers, and by them transported to
the beds of lakes and seas. Insignificant as such an action may appear
to us, its results when continued through hundreds and thousands of
years become far greater than we should at first imagine.

Landslips—Rain soaking into ground, and issuing as springs on
ateep slopes or precipices, sometimes exerts a more wholesale destructive
power, by gradually loosening and undermining very considerable
masses of ground, and thus causing them to be launcked forward, down
the slope, producing what are called “landslips.” Examples of land-
slips are common in most hilly countries. Some of them are described
by Lyell in the twentieth chapter of his Principles, especially the
remarkable one (originally described by Buckland and Conybeare),
on the coast of Dorset, when a mass of chalk slid over the surface of a
bed of clay down into the sea, leaving a rent three-fourths of a mile
long, 150 feet deep, and 240 feet wide, the whole mass on the seaward
side of it, with its houses, roads, and fields, being cracked, broken, and
tilted in various directions, and thus prepared for being more easily
carried off by the action of the sea.

Far larger instances of ancient landslips, of which no record is
known, and which took place perhaps before historic times, or even
before the country was inhabited by man, may be observed in some
parts of the south-west coast of Ireland. On the coast west of Bear-
haven in county Cork, and west of Brandon Head in county Kerry, as
also in Derrymore Glen between the mountains called Baurtregaum and
Cahirconrea, great cliffs were observed during the progress of the geo-
logical survey, in which the beds of rock lay, in most abnormal and
puzzling positions, so that it was difficult to understand how they had
assumed them, until the idea struck me that they formed parts of
gigantic landslips, an idea which, when once suggested, readily accounted
for the circumstances. Masses of land with cliffs 800 feet high were
then seen to be nothing but a confused heap of broken ruins, their
cracks and dislocations being superficial only, or not extending below
the level of the sea.

Jce and Snow.—When rain falls as snow, on the other hand, it
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exerts a conservative and protective effect as long as it retains its solid
form, but, on melting, acts like rain, and even with greater intensity,
inasmuch as a greater amount of water is often set lovse and in motion
over the land by the rapid melting of snow than would fall in the
same space of time in the shape of rain directly from the clouds. The
most extensive and powerful floods are those of the spring in mountain-
ous districts, when the snows melt rapidly on the hills.

If rain or other water soaks into rocks and fills up their interstices,
either the small pores, or the crevices, joints, and fissures, by which all
rocks are traversed, and this water then freezes, its conversion into ice
is accompanied by an expansion which exercises an irresistible mechani-
cal force, the effect of which will be either the disintegration of the
particles in the one case, or the breaking and rending asunder, and the
displacement of the larger masses in the other, On mountain summits
and sides, subject to great vicissitudes of temperature, this agency exerts
no mean effect. The hardest rocks may be broken up by it, and enor-
mous blocks ultimately displaced and toppled over precipices, or set
rolling down slopes to suffer still further fracture, and produce still
greater ruin in their fall.

Few men live in situations enabling them to observe, and of those still
fewer have the ability or the inclination to note and record the’amount
of this agency in the remote and inaccessible places where it is greatest.
Its amount, however, may be measured by the piles of angular frag-
ments, large and small, lying at the foot of crags and precipices, or
sometimes on the sharp peaks and steep summits of the mountains,
where they are the ruins of formerly existing * torrs” and pinnacles.

Captain Beechey in his voyage towards the North Pole (Dorothea
and Trent), describes the amount of this action as very great in
Spitzbergen. He says that the mountains were rapidly disintegrating
from the great absorption of wet during summer, and its dilatation by
frost in winter. “ Masses of rock were, in consequence, repeatedly
detached from the hills, accompanied by a loud report, and falling from
a great height, were shattered to fragments at the base of the mountain,
there to undergo a more active disintegration.” Soil was thus formed,
he says, up to 1500 feet above the sea. (See Sir J. Richardson’s Polar
Voyages, p. 207).

Glaciers—When mountains are covered by perpetual snow, all the
parts so covered are protected by this envelope from all change. Insuch
situations, however, the moving power of water takes another form,
that of the glacier, or “ river of ice.” The lower border of the per-
petual snow-mass passes into ice, partly from the pressure of the
mass above, and partly from the alternation of melting and freezing
temperatures, just as snow on the roof of a house forms icicles at its
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lower edge, when some of it is melted by the sun o; the warmth of the
house, and refrozen by the cold from evaporation, or the next night's
frost. This ice accumulates in the valleys, and is frozen into a solid or
nearly solid mass, called a glacier. Glaciers sometimes fill up valleys
twenty milés long, by three or four wide, to the depth of 600 feet.
Although apparently solid and stationary, they really move slowly
down the valleys, and carry with them, either on the surface, frozen
into their mass, or grinding and rubbing along the bottom, all the frag-
ments, large and small, from blocks many tons in weight, down to the
finest sand and mud, that rain, and ice, and the friction of the moving
glacier itself, detach from the adjacent rocks*

The glaciers of the Alps, and prohably those of other parts of the
world, descend to a vertical depth of nearly 4000 feet below the line
of perpetual snow, before they finally melt away, and leap forth as
rivers of running water. The confused pile of materials, of all sorts
and sizes, which they there deposit, is called the * moraine This
word is also applied to the lines of blocks that are carried along on the
surface of the glacier, which are called the lateral moraines, the one at
the end of the glacier being styled the terminal moraine.

It is easy to understand that a glacier slipping down its valley,
may bear on its sides the blocks and fragments that fall from the
adjacent cliffs, just as a river would carry down the stems aud sticks
and leaves from the woods on its banks. A line of these might in each
case be seen on each side of the stream, and if two strcams unite, the
two lines of transported substances on their adjacent sides would like-
wise unite, and be carried down as a double medial line along the
centre of the stream below the junction. In this manner, if a glacier
have many tributaries in its upper parts, the lower portion of it may
have many medial lines of moraine, and in some cases so many as to be
entirely covered with a confused stratum of debris.

The river of water that always springs from the end of a glacier, is
of course quite unable to move the larger blocks which have been car-
ried down by the glacier, and they remain in the terminal moraine
until they are worn away, or broken up by atmospheric influences.
The river, however, carries off at once the fine mud and impalpable
sand and powdert derived from the grinding action of the glacier, and

* For the description of the glaciers of the Alps, aud the cause of the motion of glacicrs,
sce the works of Agazziz and Charpentier, J. Forbes, and Dr. Tyndall; for those of the
Himalaya, Dr. Hooker's Himalayan Journals.

t+ The ice of a glacier secns iu ity lower part to be always full of little buliblex, con-
taining small nests of this dirty powder. I observed in the summer of 1860, that at some
of the hotels in Switzerland (especially at Chamounix, at the Hotel des Londres), ice was
provided at the table d'hote. This was of course glacier-ice, and on putting a piece of it into
a glass of water, first one and then another of the little bubbles in the ice burst, as its walls
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flows as a dirty yellowish or greenish white stream of filthy water, until
it reaches the sea, or some great lake like that of Geneva, in which the
sediment may be deposited. The Rhone that has become purified in
the Lake of Geneva, is,shortly after issuing from it, contaminated by the
Arve and other rivers below. The Rhine after leaving Lake Constance,
in like manner receives the Aar with all the washing of the glaciers of
the Oberland, and rolls henceforth a rapid turbid stream into the Ger-
man Ocean. Holland is in great part composed of mud from the
glaciers of Switzerland.

Icebergs.—If, however, it so happen that a glacier come down into
a lake, or into the sea, before it melt away, large fragments of it (ice-
bergs) will be frequently floated off, with all their freight of rock-
fragments of all kinds ; and these loaded icebergs may then be carried
great distances before they entirely dissolve. In this manner, large
unworn angular blocks of rock may sometimes be dropped on the bed
of the sea even hundreds of miles from their original site. The termi-
nal moraine, instead of a pile at the foot of the glacier, is thus dissemi-
nated far and wide over the bottom of the surrounding seas.

The finer sediment imparted to the sea by melting icebergs may, of
course, be carried still further by the oceanic currents, and thus mud
at the bottom of a tropical ocean may be derived from the grinding of
arctic or antarctic land.

River Valleys—Rivers form their own beds, but not their own
valleys. Rivers are the results of their valleys, but they are their
immediate results. The river could not be formed till after the valley,
with all its tributary branches, had been marked out ; but the valley
could not even be mark-:d out without the river, in most cases, simul-
taneously springing into existence, and commencing to form its channel
or bed, and thus modify, and deepen, and complete the valley.

If we watch the tide receding from a flat muddy coast, we see that
the mud flat, even where no fresh water drains over it from the land,
is frequently traversed by a number of little branching systems of
channels, opening one into the other, and tending to one general
embouchure on the margin of the mud flat, at low-water mark. The
surface of the mud is not a geometrical plane, but slightly undulating ;
and the sea, as it recedes, carries off some of the lighter and looser
surface-matter from some parts, thus making additional hollows,” and
forming and giving direction to currents, which acquire more and more
force, and are drawn into narrower limits, as the water falls. Deeper
channels are thus eroded, and canals supplied for the drainage of the

melted, and a cloud of sediment was discharged into the water, 8o that in the space of ten
minutes, the glass of water which was at first quite clear, became as turbid as if a spoonful
of milk had been dropped into it.



106 - RIVER VALLEYS.

whole surface. First two, and then more, of these little systems of
drainage unite, until at dead low-water we often have the miniature
representation of the river system of a great continent (wanting of
course the mountain chains), produced before our eyes in the course of
a single tide, in the very manner and by the very agent by which all
river systems on all islands and continents have been produced.

The difference between them is this only, that our islands and con-
tinents are now above the sea, not in consequence of the gradual fall of
the water, but in consequence of the gradual rise of the land.

It may be said, moreover, that this little drainage system thus set up
in a mud flat is not the result of the action of one tide, that it is not
obliterated every time it is covered at high-water, and reproduced again
afresh, but is the final result of many elevations and depressions, and
many successions of drainage action, all combining to produce the same
effect in the same lines, wherever nothing has happened, in the mean-
while, to direct them into different ones.

Just so, however, it is with the river systems of our dry lands.
The present form and contour of our lands, and their partition into
basins of drainage or river systems, each divided from the other by
lines of “ watershed,” is the result of many elevations above the sea,
and depressions below its level. The internal forces of elevation and
depression have acted not once only, but many times ; and accordingly
the whole surface of our land has been, not once only, but often, sub-
jected to the graving tools and gouges, the planes and chisels, so to
speak, of the upper surface of the sea ; the hollows and excavations
thus caused not having been obliterated, but generally deepened and
intensified on each occasion.

Action of Rivers—This re-direction of draining water into old
channels will be more certain and frequent in proportion to the steep-
ness of the ground and consequent rapidity of the flow of water ; and
channels once selected will there be more rapidly deepened, and more
completely and permanently formed. Such deep valleys (ravines, as
we should then call them) are scarcely to be obliterated, or otherwise
altered than from deepening and enlargement, by any number or
amount of changes, short of the removal of the mass of high ground
which they traverse. As long as the mountains remain undestroyed,
the valleys and ravines must obviously be continually enlarged, either
vertically or laterally, by the action of the waters which traverse them.

The erosive action of mountain torrents can hardly fail to be per-
ceived by any one who visits them. In their narrow channels, smooth
grooves and cuts, obviously water-worn, may often be observed, even in
the hardest rocks ; while holes, called “ pot-holes,” of several feet in
depth and width are often formed in such rock by the whirling action
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of water keeping in perpetual circular motion a few pebbles or a little
sand. Cascades and waterfalls dig deep holes and black pools below
the ledges over which they fall, and often undermine those ledges, and
thus break them away, block by block, much faster than the abrasion of

- mere water friction could remove them. Cataracts cut their way back
in all rivers, whether in the ravines of mountains, or when they fall
from one plain or one table-land to another, as in the case of the Falls
‘of Niagara and others. The ravine that the river St. Lawrence has
excavated for itself by the recession of its Falls is 7 miles long, 200 to
400 yards wide, and 200 to 300 feet deep, and would require some-
thing like 35,000 years for its production, at the present rate of pro-
gress.—(Lyells Principles of Geology, chap. xiv.)

The amount of sediment transported by a river at any given time

varies very greatly, and the amount transported by different rivers is
also very various. Dr. Livingstone (in his Missionary Travels in South
Africa, p. 598), describes rivers which ordinarily have more sand in
them than water. He says, “ We came to the Zingesi, a sand rivulet
in flood. It was sixty or seventy yards wide, and waist deep. Like
all these sand rivers, it is for the most part dry ; but by digging down
a few feet, water is to be found, which is percolating along the bed on
a stratum of clay. . . . In trying to ford this, I felt
thousands of pamcles of coarse sand striking my legs. .
These sand rivers remove vast masses of disintegrated rock before 1t
is fine enough to form soil. . . . The shower of particles
and gravel which struck against my legs gave me the idea that the
amount of matter removed by every freshet must be very great. In
most rivers where much wearing is going on, a person diving to the
bottom may hear literally thousands of stones knocking against each
other. This attrition being carried on for hundreds of miles in different
rivers, must have an effect greater than if all the pestles and mortars
and mills of the world were grinding and wearing away the rocks.”

The temporary damming up of rivers, and subsequent breaking
down of the barrier and escape of the lake formed above it, produces
sometimes the most remarkable instances of the power of moving water.
Rocks as big as houses are thus set in motion and carried sometimes
for very considerable distances down the valleys—(See Lyell, as above ;
also Jameson's Mineralogy, vol. iii., and De la Beche's Marual and Geo-
logical Observer.)

The blocks accumulated in mountain torrents are usually crags that
have been gradually loosened by the weathering action of the spray, or
undermined by the abrasion of the water, and then fallen into the bed
of the river. These blocks, arresting the force of the stream, are imme-
diately attacked by it, and very soon become smooth and rounded by



108 ACTION OF RIVERS.

attrition, either of the mere water, or of water charged with sand and
gravel. When sufficiently lightened, and sufficiently rounded and
polished, some greater flood than usual sets them in motion, to reccive
atill further rough treatment themselves, and to become converted into
tools for the breaking up and grinding of others, till at length the
massive and shapeless crag is rolled forward into the brook in the form
of a quantity of small round pebbles. These undergo here a continua-
tion of the same mechanical operation as before, till they are delivered
by the brook into the river in the shape of grains of sand, and are thus
swept onward towards the sea; and if the river be very large, long
before they reach the sea the sand is ground down into mud of the
finest and most impalpable description.*  Clouds of such mud discolour
the sea off the mouths of great rivers, such as the Amazon and Orinoco,
even for many scores of miles out of sight of land ;+ and the great ocean
currents may cairry it on, still slowly sinking through greater depths,
even for many hundred miles further, before it finally settles to rest in
some tranquil hollow of the bed of the ocean.

Difference between Ricer Activi and that of Sea.—Although the sea
and the river both cut away and carry off rock by the power of moving
water, the result of their action is easily to be distinguished. The sea
acts for the most part along a horizontal plane, cutting down land to its
own level with a broad, widely-spread action, always tending to produce
a level surface, not only over the land which it destroys, but by filling
up the hollows in its own bed with the materials derived from that
land. The river, on the other hand, acts in a vertical direction, cutting
its way down over a comparatively narrow and often tortuous line of
ground, and thus tending to make the surface rugged and uneven, and
to wear in it deeper and deeper valleys or ravines. We shall have occa-
sion hereafter, when speaking of “ Denudation,” to remark this difference
in the effect produced upon the surface of land more particularly.

Motive Powers of Water—We shall be able better to understand how
rapidly the size of water-borne fragments increases in proportion to the
velocity of the moving water, when we learn from Mr. W. Hopkins,I

¢ For a desceription of these facts as observed in the bed of the Ganges and its tributaries,
see Hooker’s admirable Himalayan Journals, vol. i., p. 378.

t ““ The river Plata, at a distance of 800 miles from the mouth of the river, was found to
maintain a rate of a mile an hour; and the Amazon, at 300 miles from the entrance, was
found running nearly three miles per hour, its original direction being but little altered, and
the water nearly fresh.”—(Admiralty Manual of Scientific Inquiry, note, p. 24.) Nothing is
said there of the sediment in the river, but T have myself seen, when anchored ten or fifteen
miles from the shore of New Guinea, north of Torres Straits, the waters of the much smaller
rivers of that island rush out as the tide fell, with a strong diseoloured stream of some miles
in width, and in such quantity as to be shortly drinkable alongside.—(Voyage of the Fly,
val. i, pp. 217 and 219.)

¢ See Presidential Address to the Geol. Soe. Lon., for year 1852, p. xxvii.
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that the poier of water to move bodies that are in (t increases as the sirth
pocer of the velocity of the current.  Thus if we double the velocity of a
current, its motive power is increased sirty-four times; if its velocity he
multiplied by 3, its motive power will be increased 7297 times ; if by 4,
4096 times ; and so on.

In studying the mechanical force of water upon rock, also, it is
necessary to bear in mind that all earthis and stones lose fully a third of
their weight when suspended in water.  These considerations enable us
to understand more readily the fact of bLlocks of rock many tons in
weight having been removed from breakwaters and jetties, and carried
sometimes many yards during great storms, as also of still larger blocks
hurried along by floods, ete.

The rolling power of water upon stones lying in its bed depends
greatly on their shape also, the same current Leing eaxily able to roll
along pieces of rock in the form of rounded pebbles, that it would be
quite unable to move if they were in the shape of flat slabs; while,
converscly, flat slabs or flakes would float more easily, or sink more
slowly, than rounded orsquare-shaped fragments of the same weight and
cubic contents. Flakes of mica, as Sir C. Lyell observes, therefore, might
be floated and transported onwards where grains of quartz, even thongh
lighter than the mica, would sink; and, on the other hand, rounded
quartz pebbles might be rolled forward where smaller and tlatter picees,
in the shape of shingle, would be brought to rest.

Mr. Babbage has lately treated of this subject, in a paper of which
an abstract appeared in the Journal of the Geological Society, November
1856.

He there supposes the case of a river, the mouth of whichis 100
feet deep, delivering four varieties of fine detritus into a sea which has
a uniform depth of 1000 fect over a great extent, which sea is traversed
by one of the great ocean currents, moving with a certain given velocity ®

He takes for granted that the four varicties of detritus are such as,
from their size, shape, and specific gravity, would fall through still water,
the first 10 feet per hour, the second 8 feet, the third 5 feet, and the
fourth 4 feet. The combined effect of the downward motion of the
detritus and the onward motion of the water, would then bring the first
variety to the bottom of the sea, at a distance of 180 miles from the
river’s mouth, and strew it over a space 20 miles long ; the second variety
would only begin to reach the bottom 225 miles from the river’s mouth,
and would be spread over 25 miles, and so on, as in the following
Table :—

* The supposed velocity of the river and ocean current is not stated in the abstract, but
from the calculation would appear to have been taken at 2 miles per hour,
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No l.vel““’ of |Nearest distance Length of Greatest distance'

all per hour.| O dePosit bo | “gepogit, | ©f depoeit from
Feet. Miles. Miles. Miles.
1 10 180 20 200
2 8 225 25 250
3 5 360 40 400
4 4 450 50 500

We should thus have, proceeding from the same river, and poured into
the sea either simultaneously or at different times, four different and
widely separated patches of mud or clay formed on the sea bottom,

Mr. Babbage says, that this subject was suggested to him from his
observing the extreme slowness with which a very fine powder, even of a
very heavy substance, such as emery, subsides in water, and he speaks
of mud clouds being suspended in the depths of the ocean, where the
density of the water increases, for vast periods of time.

Amount of Matter transported by Rivers—The amount of mechanical
work done by rivers can be estimated by examining their waters at
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