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CRYSTALS.*

By W. F. Frrrieg, B.ASc, F.GUS0 Lithologist to the  Geological  Survey

of Canada.

I have nothing original to offer you on this subject, nor are my
remarks intended to constitute a lecture on crystallography, but merely
1o bring to your notice some interes ing facts with regaid to those won-
derlul forms which we call ciystals, and more especially to trace out the
progress made in the study of them since the earliest times.  The sub,
jectis so vast that it will only be possible forme to call attention to some
of the more pro.ninent and interesting facts, which constitute, as it were,
the milestones along the road of our knowledge of the subject.

At the outset we are confronted with the yuestion “What is a
crystal ?”

So many delinitions have been given that it is somewhat difficult to
select one which is expressed in simple terms and at the same time is
comprehensive and accurate.

E. S. Dana says:—*“Structure in Inorganic nature is a result of
mathematical symmctry in the action of cohesive attraction.  The
forms produced are regular solids called erpstals ; whence morphelogy
is, in the Inorganic kingdom, called crystaltorocy, It is the science
of structure in this kingdom of nature.”

He subdivides the subject as follows :—

[ treating of forms resulting from

. Crystallography | crystallization.

Crystallology I treating of the methods of making
Crystallogeny < crystals, and the theories of their
origin.

* (Read before the Outawa Field Naturalists” Club, Dec. 20th. 1894.)
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Naumann’s definition of a crystal is a very concise and satisfactory
one,  [tis this :—¢ Any rigid inorganic body possessing an essential and
original (primitive) more or less regular polyhedric (many-sided) form
which fs divectly connected with its physical properties.”

This latter clause of the definition is very important as explaining
why cleavage fragments, pseudomorphs &c. are not to be termed
crystals.

To the question why cxleite, for instance, should assume one form
of crystal, and garnet another, science can retuin no answer, but must
content itself with determining and describ'ng these curions and multi-
farious forms.

The word “crystal” is derived from the Greek word *4puotaddog”
meaning “ice”. ‘The ancients first gave this name to the variety of
quartz  which we call ©* Rock-crystal, ” because, from its transparency,
its usual freedom from color, and the way in which it was fuund to en-
close other bodies, they imgimed it had been formed by the action of
intense cold un water, which thus became extraordinarily hardened.

The name was later transferred to pure transparent stones, such as
were after used for seals and engraved gems.

Some of the old writings on this subject are very amusing.  Albertus
Magnus, in the middle of the 13th century, gravely reiates how the
intense cold on the summits of some lofty mountains drzes the ice so
thoroughly that it becomes crystal.  Even as late as 1672 the learned
Robert Boyle goes into a long dissertation to prove that crystal could
not be ice, adducinz as two of the strongest proofs of this, first, the fact
that ice floats on water and crystal does not, and, secondly, that Mada-
gascar, India, and other countries in the torrid zone, abound in crystal,
and he could not believe that any ice, however hard, could withstand
the heat of those countries.  Later the term * crystal ™ was applied to
any mineral naturally limited by plane faces.

It was not until 1669 that any important discovery
regarding the propertics of crystals was made, and then it
was that Nicolaus Steno, a Danish physician, discovered for the
first time the constancy of angles in Rock-crystal.  But it is generally
admitted that Steno himself did not fully grasp the importance of his d's-
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covery, which was more a deduction from the mathematical form of the
prticular body he observed than a broad generalization from a series of
ohservationsofdifferent bodies. Itmust bebornein mind that the ancients
knew and had described crystals of certain minerals as having a constant
number of faces (or planes) arranged in a parficular way.  But Steno
went further than this and shewed that another constant existed.  He
cut a number of sections of variously shaped prisms of quartz (1.) at
right angles to the edges of the prism,and (2.) at right angles to the edge
formed by a face of a pyramid with a face of the prism and foundin the
first case (see Fig. 1) that the angles of any one section were equal to each

Vig. 1.

other and also to every angle of the other similar sections, and in the
second case (see Iig. 2) he found that the sections had two angles cqual

& ()

Fige 2,

to 4 anl four angles equal to ¢,except when the prism was absent in the
crystal, when the saction was a four-sided figure with two opposite angles
cqual to 4, as shewn on the left in IVig. 2.

His inference was that in all specimens of Rock-crystal correspond-
ing pairs of faces have the same inchnation.

‘Thus was taken the first step towards the discovery of one of the
three great fundamental laws governing the formation of crystals, which
has been enunciated thus :(—

THE LAW OF CONSTANCY OF ANGLES. Crystals of tae same substance,
whether natural or farmed in the laboratory, are essentially constant in
the angle of inclination between like planes.

Fora whole century the law discovered by Steno was not elaborated until,



120 Tur Orrawa NaTuRALIST.

in the year 1792, Romé Delisle,a pupil of Linnweus,shewed thatthe various
shapes possessed by crystals of the same substance, natural or artificial,
are all intimately related to each other. He formed a large collection of
natural crystals which he carefully studied and was particularly interested
by the fact that the same mineral often occurred in widely different
forms. His studies led him to the conclusion that the shape of every
crystal of the same substance is such as can be derived by a particular
process from a certain fundamental figure called the Primitive form,
the shape and angles of which depend only on the nature of the subs.
tance itself. All the muititudinous forms which asubstance such as pyrite
(sulphide of iron) assumes, he found could be produced by replacing the
edges or the solid angles of the primitive form by single planes or groups
of planes, but always in such a manner that the total alteration is
similarly related to all parts of the pritiitive form which are geometri-
cally similar.

Thus, as a simple example, by cutting off the angles of a cube it
may be converted into an octahedron. These planes of replacement were
regarded by him as being secondary and more or less accidental.

Werner in his treatise “ On the External Characters of Minerals ”
had employed the terms Abstumpfung = truncation, Zuscharfung = bevel-
ling, Zuspitzung=acumination, in speaking of similar variations or
changes from the fundamental form of crystal, but it is thought that Delisle
did not know of this at the time he wrote. Delisle set to work to determine
the primitive forms of all substances, which work was greatly facilitated
by the invention at this time of the gomometer. This instrument
was invented by a Frenchman named Carangeau, who prepared the
clay-models used by Delisle to illustrate his theory. It was designed
for the measurement of solid angles, particularly those of crystals, and
was of the form known as the common or contact goniometer.

A much more elaborate and accurate instrument for the same pur-
pese is the »effecting gonfometer of Dr. Wollaston, devised by him in 1809,
of which several elaborate modifications are now employed by crystallo-
graphers. Carangeau’s goniometer consisted essentially of a graduated
arc and two moveable arms. Its form may be learned by referring to
the figures eiven in almost all text-books ~f mineralogy. The great
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objection to it is that it is impossible to employ it n the case of very
small crystals, whilst the reflecting goniometer n-ay he used to measure
accurately the angles of crystals only \},th of an inch in size.

Romé Delisle, as the result of his researches, came to the conclusion
that the primitive forms of all known substances were only six in number,
namely :—-

1. 'The cube.

2. The regular octahedron.

3. The regular tetrahedron.

4. T'he rhombohedron.

5. The octahedron with a rhombic base.

6. The double six-sided pyramid.

These were announced in his treatise on Crystallography published
in 1783, in which he figures no less than 500 distinct forms of crystals.

The weak point of his theory was the fact that the whole series of
forms of any one substance could be derived not only from the
primitive form, but from almost any of the series, thus rendering it
impossible to lay d wn an exact rule as to which of these was to be
regarded as the true primitive form. He was guided in his choice by
the largeness of development and frequency of occurrence of particular
faces and the simplicity of the figure they formed. Thus he chose both
cube and regular octahedron, although, as we now know, these forms
really belong to one and the same series and may be derived the one
from the other. Many of his rontemporaries .Joubted not only his
choice of primitive forms but th: very existence of the series, and
Buffon’s objections, as set forth in his *“ Natural History of Minerals ”
published ten years laier (1783), bore testimony to the difficulty of the
important step taken by Romé Delisle. It was far from being obvious
that all the crystalline forims of a mine..t belong to one sertes.

As early as 1773, Bergman, a celebrated Swedish chemist, shewed
in his writings that he recognized the importance of cleavage, and Ly it
he tried to explain the relationship of the various forms assumed by
the same mineral, which had so interested and puzzled Delisle, who,
however, assigned little or no importance to cleavage, speaking, as he
does in the preface to his treatise mentioned above, most contempt-
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uously of the b1 ise-cristanx™ or “crystalloclastes.” But Bergman did
not proceed far enough, and it remained for ancther to fully develop
the theory of the structure of crystals as indicated by their cleavage.

In 1784 the AbL¢ Haiiy made his remarkable discovery, which,
like Newton’s immortal one, was the result of a mere accident.

A six-sided prism of calcite (carbonate of lime) had been broken
from alarge goup in the cabinet of M. Defrance, and he noticed that
the fractures were smooth and polished, not irregular as in the case ¢f

ken glass.  He then commenced splitting-up the crystal with his
knife and finally reduced the six-sided prism to a rhombohedron
Extending his experiment to other minerals Haiy arrived at the con
clusion that the kernel obtained from a mineral by cleavage was to be
regarded as its true primitive frrm.

E. S Danadefines deavage as the tendency to break or cleave
along certain planes due to regularity of internal structure and fracture,
produced, in adddion 10 external symmetry of form, by crystallization:
and he states two principles :-—

(1) In any species, the direction in which cleavage takes place
is always parallel 10 seme plane which cither actually occurs in the
crystals or may exist there in accordance with certain general laws.

(2) Cleavage is unifoim as to ease parallel to all like planes. ‘That
is to say that if it may be obtained parallel to ene of the faces of a regular
octahedron, for instance, it may be obtained with the same facility
parallel 1 each of the remaining octahedral faces.

Haiiy's primitive forms were ten in number, four more than those
ot Reméde I'Isle. They were :—

The cube.

2. The regular octahedron.

3, The regular tetrahedron.

4- The rhombic dodecahedron.

5. The rhombohedron, obtuse or acute.

6. The octahedron, with square, rectangular, or rhombic base.

7. The four-sided prism, with edges at right angles to the base, the
base being either a square, a rectangle, a rhomb, or mercly a parallelo-
gram.
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8. The four-sided prism, with edges inclined obliquely to the base,
the base being cither a rectangle, a rhomb, or merely a parallelogram.

9. The regular six-sided prism,

1o. T'he coubie six-sided pyramid.

He also grouped all these forms ir a general way thus: —

1. Figures bounded by parallelograms.

2. Figures bounded by eight triangles.

3- ‘The regular tetrahedron.

4. The repular six-sided prism.

5. The double six-sided pyramid.

Haiiy was let by his study of cleavage to framz a theory regarding
the structure of crystals and to discover a second great law governing
their formation, namely the one which ¢ mnects the secondary faces
with those of the primiiive form.

He found that the kernels which he obtained by cleavage could be
split up,apparently indefinitely, into smaller tragments of the same shape,
and, not believing that this process could go on to infinity, came to the
conclusion that every crystal of the same substance could, theoretically
at least, be cleaved into minuie bricks of a definite size and shape though
two small to be separately visible, and therefore that with these bricks
a crystal possessing any of the forms in which the particular mineral
occurs, might be built up.

As the simplest illustration take the case where the bricks are
little cubes  The conditions to be produced are that the built-up
crystal must possess cleavage, and at all its parts the faces obtainable by
cleavage are to have the same directions, also that its outer surface must
consist of a series of plane faces.

A cube composed of these little bricks could bhe increased in-
definitely in size by adding layers of these bricks to cach of its faces.
Conversely, it might be decreased in size by taking away the layers.

But suppose that the decrease takes place by the regular subtraction
of one or several ranges of bricks in each successive layer ; theory, by
calculating the number of these ranges required for a particular form,
can represent all known forms of crystals and also indicate possible forms
for a particular mineral which may not yet have been observed in th
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natural crystals.  Figs. 3 and 4 will serve to illustrate what we have
just been discussing.

Fie. 3, Fix. 4.

FFig. 3 illustrates a cube composed of little cubical bricks, some
rows of which are removed to shew the resulting step-like arrangement
of the layers. Al the edges of the steps lie 1n one plane, as seen in
Fig. 4.

If we remember that the little bricks are supposed to be so minute
as to be separately invisibie, it will be seen that the steps will appear to
lie wholly in the plane, which thus forms a secondary face equally in
clined to two faces of the cube.

Haiiy also shewed how a rhombic dodecahedron resulted
from the application of successive layers of these little bricks, each less
by one row all round. to the faces of the primitive cube, and of course
the same result may be obtained by subtracting rows in the same man-
ner. (Sec Fig 4.)

Fig. 5.
He also assumed in some cases that the decrease was parallul, not
to the edges of the crystal, but to a diagonal, taking the angles as its
paint of departure.  His theory established the fact that the various
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forms of crystals are not irregular or accidental, but definite, and based
on certain fixed laws; and he pointed out that whilst certain forms are
derivable from a given nucleus, there are others which cannot occur.

Moreover he observed that when any change in a crystal took
place by its combination with other forms, all similar parts (angles,
edges and faces) were modified in the same way.  Most important of
all, he shewed that these changes could be indicated by rational
co-efficients.

Thus Haiiy became the discoverer of two of the three great laws of
crystallography, namely, THE Law oF syMMETRY, and THE LAw OF
WHOLE NuMsMsiErs. The other, THE LAW OF CONSTANCY OF ANGLES,
we have already mentioned.

Let us consider for a moment Haily’s two laws, taking first :—

THE LAW OF SVMMETRY.

E. S, Dana enunciates this as follows: “The symmetry of
arystals is based upon the law that enher :

7. Al parts of a erystal similar in postlion witk reference o
the axes are similar in plunes or modification, or

11. Eack half of the sunilar parts of a crystal, alternate or
symmetrical in posilion or relation to ke other half,
may be alone similar in its planes or modifications.

The forms resulting according to the first method are termed
holohedral forms and those according to the second, Zemiledral”

An casy experimental way of studying the symmetry of crystals is
to cut onge, or the model of one, in two, and place the parts against
the surface of a mirror, which may or may not produce the exact ap-
pearance, of the original crystal.  If it does produce the exad
appearance we have severed the crystal in a plane of  symmelry.
By referring to Fig. 6 it will readily be seen that a cube, for in-
stance, possesses #ire such planes, indicated by the dotted lines.

.
<
N
Fig. 6.

In a sphere there would of course be an infinite number of these
planes.
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Now with regard to the second law :—

THE LAW OF WHOLE NUMBERS. ‘Lhe meaning of this is simply
that Haiiy found that the secondary faces had only such positions as
would result from the omission of 7whole numbers of rows of bricks
and from the layers having a thickness measured by some multiple
of that of a single brick. He actually proved by measurements that
the number of bricks in the width or height of a step rarely exceeds six
But  Haily’s theory of the structure of crystals had many weak
points in it which speedily bzcame objects of attack.
One of his first critics was Weiss, Professor of Mmeralogy at
Berlin, who translated Haiiy’s work into German, in 1So4.

He shewed that Haiiy’s ¢ primitive forms,” as professor Nichol puts
it, “erred both in excess and defect,” and that the ¢ bricks” were not
needed at all to explain the facts observed, in fact, the planes, so-called,
built up of them, would not reflect light.

Bernhardi, a doctor residing in Erfurt, pointed out that the
dimensions of the “primitive forms” could not be determined from
themselves, their height depending on another form.  Also that various
crystals, which he named, were much more readily explained from other
forms than those taken by Haily as their “ primitives”. In fact,
numberless objections were raised ; thus, it by no means follows that
because a crystal may be reduced to a certain form by cleavage, that its
growth has resulted from the grouping together of fragments having that
form ; again, some minerals have no cleavage, whilst others cleave only
in one or two dircctions ; again, it is hard to conceive of a crystal built
up, for instance, of little octahedrons, which, in order tc have their
faces parallel to the cleavages of the resulting crystal, and be parallel to
cach other, would have only their angular points in contact, thus form-
ing a most skeleton-like and unstable structure.

But Haiiy’s theory, pointing asit did to the great importance of the
angles of the faces and cleavages of crystals, served to direct attention
to them, and led to their more accurate study and determination.

It was not so much Haiiy’s data that required correction, but the
substitution of a better theory to connect his facts was needed.

The development of the atomic theory of the constitution of
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matter fuenished this, and, instead of “bricks”, we reason about
“atomic groups,” whose centres of mass are arranged in straight lines
and parallel planes, as were the centres of the “bricks™ in Hauy’s
original theory.

Weiss was the fiest, in 1808, to point out the importance of th2 axes
of crystals, although Hauy had referred to them.

He says:=—“The axis is traly the line governing every figure round
which the whole is uniformally disposed. Al the parts look to it, and
by it they sre bhund together as Ly a common chain and mutual
contact.”  “'hese axes, it must be borne in mind, are not mere geo-
meztrical lines; but it is i refcrence to them that the {orces work which
have formed the crystals.

Weiss proceeded to arrange Haay's primiicoe forms into four classes,
cach distinguished by a purcly geomeuical character ; and then from
these four classes of sets of lines, he deduced all the primitive forns by
the construction of planes passing :—

1. Through ends of three lines.

w

Through ends of two of the lines and parallel to the third.

3. Through an end of one of the lines and parallel to two of them

That is, these pianes passed through the end of a line, or else did
not meet it at all.  These axes were, in fact, the co-ordinates of the
crystal faces of the primitive forms of Hauy. By taking points along
cach of these lines at distances equal to twice, three times, four times,
cte., the original length, he found. constructing planes as before, that he
obtained a set including all the secondary planes described by Hauy as
cccurring in actual crystals.

Thus he was enabled to devisz a very simple system of designating
the various faces of crystals, which also gre.ily facilitated the calcula-
tion of their angles.

Haily had attempted this in conformity with his theory, but his
symbols were complex and unwicldy.

It is a curious coincidence that at the same time as Weiss was
developing his system, Mohs, Werner’s successer at Freiberg, working
quite independently, arrived at the same division of crystals into four
classes, but by a very differen. process of reasoning. These four
classes he termed “ Systems of Crystallization.”
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Mohs also shewed that since all the similar edges and solid angles
of his fundamental figures were to be similarly altered, the existence of
one derived plane necessitated, as in Romé Delisle’s theory, the
simullaneous existence of a number of others having definite positions.
Such a set of faces he called a szmple form.  1f the faces of more than
one simple form_are present, the resuiting form was termed a
combination.

At this time Sir David Brewster was engaged in lus wonderful
researches on the optical properties of ciy:tals, and the results of his
experiments on the polarization of light brought out in such a remark-
able manner the intimate relations existing between their behaviour
with regard to hght passing through them, and the number of kinds of
axes they possessed, that Whewell has justly said, “Siv D). Brewster’s
optical experiments must have led to a classification of crystals intoihe
above systems, or something nearly equivalent, even if the crystals had
not heen so arranged by attention to their forms.”

Sometimes crystals were observed by both Weiss and Mohs which,
instead of being complete simple formg, like the regular octahedron,
presented only Zalf the regular number of faces, as, for example, the
regular tetrahedron, which may be deiived from the regular octahedron
by suppressing its alternate faces.  Delisle and Haiiy had regarded the
tetrahedron as a distinct kind of primitive form, but Weiss and Mohs
found it necessary to postulate that simple forms may not only be
complete, but semi-complete also, pointing out, however, that the
half which presents itself is not an arbitraty one, but can always be
derived systematically from the complete simple form.

‘The complete simple forms were termed holoksdral, and the semi-
complete ones hemihearal.

In 1822, Mohs adled two more systems of crystallization to the
four already described by Weiss and himself; but Weiss brought forward
very strong-objections to their recognition, and their independance was
not fully established until 1833, when the actions on light of crystals
belonging to these systems were first studied. They were what we now
cail the monoclinic and triclinic systems.

The rescarches of Weiss and Mohs may be said to have given to
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crystallography its present form, in all essential points,as a pure scienre,
and subsequent progress has been along the lines ot working out details
rather than modifying its foundations.

‘The accompanying table, (page 130), will shew at a glance the six
systems of crystallization now recogniz «¢, with thew principle synonyms
and examples of minerals for cach system.

Very often crystals are met with in which one or more parts are
reversed with regard to the others, often presenting the appearance of
two crystals symmetrically united. These wre termed foin erystals, but
the theory of their formation is too elaborate to bz gone into in the
present paper. ‘T'ime will not permit me, either, 1o go into details
respecting the various methods of designating the faces of crystals by
numbers or symbols, and of calculating their angles. “T'hat of Naumann
is, perhaps, the one most employed. This subjuct belongs, however,more to
pure geometric crystallography, and will be found fully uxplamed in the
text-books. I can only briefly mention here some of the many wonderful
physical properties possessed by crystals.

The researches of Brewster on polarized light have already been
referred to.  The discovery that the shape of the cleavage-form is
intimately related to the action of the crystal upon light is duc to him
and his researches, as already mentioned, confirmed the cxisience of
the two additional systems of crystallization recognized somewhat doubt-
fully by Mobs.

One of the most remarkable discoveries of recent times was the
mathematical demonstration by von Lang, Quenstedt, and others, that
six, and only six, systems of symmetry are possible for all crystallized
matter.

In 1822, Mitscherlich announced his discovery of Zsomurplism, the
property which substances analogous in chemical composition possess
of crystallizing in forms closely resembling each other, and with only a
slight difference between their corresponding angles. A good example
is siderite and dolomite, the crystal form being a rhombohedron.
Muscherlich also pointed out that the same substance (simple or
compound) may crystallize in two distinct systems (dimorpiiism ),or even
in three or more (trimorphisme and polymorplism) ‘Thus the sulphide of
iron crystallizes in the isometric system (py»fe), and also in the
orthorhombic system (marcasite).
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SYSTEMS OF CRYSTALLIZATION,

NAME, P PLANES OF | oy vpy s,
P SYMMETRY.
U U R SRR SUSUNS SN A —_—
[ ISOMETRIC.—- {
Jessular, Mohs & Haidinger. )
{".m"f’{”'.’\! lansmann. Three, of equal length,! Fluor Spar.
},.' . ',“/’ Snumann. intersecting  each!  Nine. Galena.
Vegular, \Weiss & Rose, ) . ’:hl anales. | Pyrite
Cubie, Dufrenoy & Miller. other at right angles. ynite.
MMonometric, Dana (carly i !
editions.) , | I
S U
I, TerracoNaL.— ' . !
Pyramidal, Mobhs. ‘Thiee,intersecting each’
Zaoel-und-ctnaaige, \Weiss, " other at right angles. Zircon.
7etrayonal, Naumann. l The lataial  ones! Five. Vesuvianite.
Monodimetrr, Havsmamn, | equal in length ; the? Cassiterite,
Quadratic, von Kobell. i vertical a varying one!
Dimets i, Dana (early editions); i
HI. HeExAacovaL. ! JES. proper.
Rhombohe fral, Niohs. Four, the three equal; Seven: 3!
Dred-sind-cinaxiye, Weiss. | lateral ones  inter-; at 60 ; one'
Hexagonal, Naumann. : secting at angles off normal  toiCalcite.
|
!

Monotrimetric, ansmann.
NoTe. — ThisSystembasa ko -

planes of symmetry. | 120,

Prismatic ov Orthotype, Mohs,

Lin-und-cinaxige, Weiss.

Rhombie  and A nisometric,
Naumann.

Trimetiic and Orthorionmibic,

Three, of unequal
length, intersectingd

. angles
each other at righty PR

one, at right anglesl auxiliar
BOHEDRAL  DIVISION, which! 10 these, varying in!  Ruoam.Div
includes forms  with only 3; length. Threeat

6o and the verticall these; three,Quartz,

y.|Apatite.

y Three,at right! Barite.

toj Topaz.

cach other. [Aragonite.

Hausmann. angles.
Trimetric, Dana, (early  edi-
tions.)
V. MoNoCLINIC, - .
Hemiprismatic and  Hemior
thotype, Mohs. Three.  of  unequal
Zeweiund-eindlicderige, Weiss.]  length, two  inter- Augite
Vonockinohedral, Naumann. secting  at right Augite.
cLANe ran ) S S One. Gypsum.
Cline hombie, von  Kobell,[ angles and the third Orthoclase
Hausmann, Des Cloiszeaux.|  intersecting one o hoclase.
Augitic, Haidinger, the others obliguely.
Obligue, Miller.
dlonosymmetric, Groth.
VL. TricLiNiC.—
Zetarto prismatic, Mohs.
Ein-und-cingliederige, Weiss.
7riclinohedral, Naumann. Three, of unequal Anorthite.
Clinorhomboidal, von Kobell.| length, all the in-| None. Albite.
Anorthic, Haidinger, Miller,] tersections oblique. Cyanite.

& Des Cloiszeaus.
Aspmmetrie, Groth.
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The magnetic and electric properties of crystals, and their relations
to heat, all shew the same intimate connection and dependence on
their crystalline form observed in the case of their optic properties.

For fuller details of the subject treated of in this paper I would refer
you to the many excellent text-books of mineralogy, and to the articles
treating of the various divisions of the subject in the encyclopwdias. A
most excellent little work is that by Mr. Fletcher of the British Museum,
from which 1 have freely quoted.

In conclusion I would call your attention to the fact that we
Canadians have in our own country a vast unexplored ficld of research
in crystallography. Canada has afforded the most magnificent crystals
of many mineral species, which the world has ever seen. I need only
mention the superb and unvivaled crystals of zircon, apatite,
phlogopite, sphene &c. which grace the museums of Europe and this
continent.

Many of our localities present unusually tavorable conditions for
studying the mode of formation of the various crystallized minerals, and
if my remarks this evening awaken in some of my hearers an interest in
the fascinating study of the wonderful luws governing structure in
inorganic nature, my object will be accomplished.

CLUB EXCURSION TO PAUGAN FALLS.

The last Excursion of the season will be held on SATURDAY, 14th
instant. to Pavcan Fawrws, on the Gatineau. The train will leave Union
Station at 9.45 a.m.; returning, reaching Ottawa at 8.00 p.u.

This is a new locality to members of the Club, and must prove of
great interest, both as a collecting ground, and from its scenic beauty.

Members will assist the Club by notifying their frtends of the
Zxcursion.

Rares—>Members, Adults, 6oc. Non-Members, 7oc.  Children,
half-price.
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LIST OF NATIVE TREES AND SHRUBS GROWING
THE CENTRAI EXPERIMENTAL FARM,
OTTAWA, JULY, 1805,
By W. T. Macots,

SAPINDACEZ£,—(continued.)

(319) Acer NigruM, Michx.
Ontario.
Large tree ; hardy.

(420). A. pasycarpuw, Bhrh,  Silver, or White Maple.
N.B. ; Que.; Ont.
Large tree ; hardy ; leaves ornamental in Autumn
(421.) A rUBRUM, Linn.  Red, or Soft Maple.
Large tree : hardy ; leaves ornamental in Autumr.
126. NEGUNDO, Mwnch. (Ash-leaved Maple.)
(422.) N. aceroines, Meench.  Box-Flder.
Ont.; Man; N.W.T.
Tree ; hardy.

XXX. ANACARDIACEZA—Sumach Family.

127. RHUS, Linn. (Sumach.)
(423.) R.1vemiya, Linn. Siag-horn Sumach.
N.S.; N.B.; Que.; Ont

ATl

‘T'all shrub or smull tree ; hardy ; leaves ornamental in autumn.

(424 ) R. Grapra, Lino.  $mooth Sumach.
N.S.; N.B.; Que.; Ont.
Tall shrub; hardy.

(427.) R. ToxicopENprOY, Linn. Poison Ivy.
NS.; N.B.; Que.; Ont.; Man.; NW.T.; B.C )
Small climbing shrub ; hardy.
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(429.) R, aronaTica, Ait.  Fragrant Sumach.
Ont.
Shrub ; hardy.
Var. TrILOBATA, Gray.
N.W.F.; R.C.
Shrub ; hardy.

XXXI. LEGUMINOSZ—Pea Family.

128, AMORPHA, Linn.  (False Indigo.)
(480.) A. caxescens, Nutt. lLead Plant.
Man.
Shrub ; hardy.
(481.) A. rrurIcosa, Linn.  False Indigo
Man.
Shrub ; hardy.

153. GYMNOCLADUS, Lam. (Kentucky Coffee Tree.)
(566.) G. Cavanensis, Lam.
Western Ontario.
LLarge tree ; hardy.

XXXII. ROSACEZA—Rose Family.
155. PRUNUS, Tourn. (Plum. Cherry.)
(568.) P. AmrricaxNa, Marshall.  Wild Plum.
Que.; Ont.; Man.
Small tree ; hardy.

(569.) P. mariTiza, Wang.  Beach Plum.
N. B.;
Shrub ; hardy.
(570.) P. rumiLa, Linn.  Sand or Dwarf Cherry.
N.B.; Que.; Ont.; Man.
Shrub; hardy.
(571.) P. PENNsYLVaNICa, Linn.  Bird Cherry.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T.; B.C.
Tree ; hardy.
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(573.) P. Virgintana, Linn.  Choke Cherry.
N.S.; N.B.; Que.; Ont.; Man.; NAV.T.; B.C
Tall shrub, or sinall tree; hardy.
(575.) . seroriNa, Ehrh.  Black Cherry.
N.S.; N.B.; Que.; Ont.
‘I'ree ; hardy:.
157. SPIRAA, Linn.  (Meadow-sweet.)
(577.) S. saLiciroLia, Linn.  Common Meadow-sweet,)
N.S.; N.B.; Que.; Ont.; Man.; N.W.T.
Shrub ; hardy; flowers ornamental.
(578.) S. romENTOSA, Linn.  Hardhack.  Steeple Bush.
N.S.; N.B.; Que.; Ont.
Shrub ; hardy; flowers ornamental
(579.) S. BETULIFOLIA, Pallas.  Birch-leaved Spiraa.
N.W.T.; B.C.
Shrub recently planted.
(580.) S. Doucrasi, Hook.
B.C.
Shrub; hardy; flowers ornamental.
(581.) S. piscoLor, Pursh. var. arLEroLIA, Watson.
B.C.
Shrub; hardy.
158. NEILLIA, Don. (Nine Bark.)
(584.) N. opruLIFoL1A, Benth. and Hook.
Que.; Ont.
Shrub ; hardy.
160. RUBUS, Tourn. (Bramble.)
(586.) R. onoratus, Linn. Purple, Flowering Raspberry.
N.S.; N.B.; Que.; Ont.
Shrub; hardy; flowers ornamental.
(587.) R. Nutkanus, Mocins. White, Flowering Raspberry.
Ont.; Man.; N.W.T.; B.C.
Shrub ; hardy ; -flowers ornamental.
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{594.) R. srricosus, Michx. Red Raspberry.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T.; B.C.
Shrub; hardy.
(596 ) R. occinenTaLts, Linn.  Black Raspberry.
N.B.; Que.; Ont.
Shrub; hardy.
(600.) R. viLLosus, Ait. Thimble Berry.
N.S.; N.B.; Que.; Ont
Shrub ; hardy.
172. ROSA, Tourn. (Rose.)
(659.) R. skricEra, Michy.
Ont.
Shrub; hardy : flowers ornamental.
(660.) R. Carorina, Linn.  Swamp Rose.
N.S.; N.B.; Que.; Ont.
Shrub; hardy; flowers ornamental.
(661.) R. rucipa, Ehrh.  Dwarf Wild Rose.
N.S.; N.B.; Que.; Ont.
Shrub; hardy; flowers ornamental.

(662.) R. BLANDA, Ait.  Early Wild Rose.
Que.; Ont.; Man.; NAW.T.; B.C.
Shrub ; hardy; flowers ornamental.

(663.) R. acicuraris, Lindl
Man.; N.W.T.
Shrub ; hardy ; flowers ornamental.

173. PIRUS, Linn. (Pear. Apple.)
(671.) P. corONaRIA, Linn.  American Crab Apple.
Ont.
Small tree ; hardy.

(673.) P. arnuTiFoLis, Linn.  Choke-beny
N.S.; Que.; Ont.;
Shrub; hardy.
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ViR, MELANOCARPA, Hook.

N.5.; N.B.; Que.; Ont
shrub; hardy.
(674.) P Anericaxa, DC. Awmerican Mountain Ash.
N.S. ¢ N.B.; Que.: Ont.; Man.
Small tree; hardy; fruit ornamental.
174. CRATVEGUS, L. {Whie Thorn. ]
1678.] C. coccinga, Linn.  Scatlet Fruited ‘Thorn.
N.5 ;3 Que.; Ont; Man.: N.WIT.
Small tree ; hardy ; fruit ornamental.
[679 ] C. ronExrosy, Linn.  Black or Pear Thorn.
N S.; N.B.; Que.: Onat
Smali tree ; hardy.
[681.] €. Crus-caruy, Linn.  Cockspur Thorn,
Western Ontaria. .
Small tree ; hardy; leaves and fruit ornamental.
175. AMELANCHIER, Medic.  [June-Berry.]
[685.] A. Caxapxsis, Torr. and Gray.
N.S.; N.B.; Que.; Ont
Tall shrub or small tree ; hardy.

XXXIII. SAXIFRAGACEZ —Saxifrage Family,

186. PHILADELPHUS, Linn.  [Mock-Orange.]
[744 ] P. Gornosraxus, Lindl
B.C.
Tall shruo; hardy; flowers ornamental.
187. RIBES, Linn. [Currant.  Gooseberry.]
[749-] R. Cyxossati, Linn. Wild Gooseberry.
N.B.; Que.; Ont ; Man
Shrub ; hardy.
[750.] R. racusTrE, Poir. Swamp Gooseberry,
N.S.; N.B.; Que.; Ont.; Man.; NAW.T.; B.C.
Shrub ; hardy.
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[752.] R. ruerewy, Linn, Red Currant.
N.S.; N B.: Que.; Ont; Man.; NAVT: B.C
Shrub ; hardy.
1753-] R erosikarunm, I'Her. Fetid Carrant.
NS.; N.B.; Que.; Ont; Man.; NAWTL 0 BC
L.ow shruby; hardy.
l757.] R. rroribus, L’Her.  Black Currant.
N.S ; N.B.; Que.; Ont.; Man.
Shrub ; hardy.
[760.] R.saxcuriNevs, Pursh. Red, Flowering Currant.
B.C.

Shruby; tender; flowers ornamental.
[761.] R. aurkuwm, Pursh. Missouri Currant,
NWUT
Shrub ; hardy ; flowers ornamental.

XXXVI. HAMAMELACEZ—Witch Hazel Famiiy.

195. HAMANMELIS, Linn. [ Witch 1azel.]
{775-] H. Viramana, Linn
N.S.; N.B.; Que.; Ont
Tall shrub ; hardy.

XLVIL. CORNACEZA—Dogwood Family.

242. CORNUS, Tourn. [Cornel. Dogwood.]
1898.) C. rroring, Linn.  Flowering Dogwood.
Western Ontario.
Small tree ; semi-hardy ; flowers and fruit ornamental.
1899.] C. NurraLLyy, Audubon.  Western Flowering Dogwood.
IR ON
Small tree : recently planted ; flowers and fruit ornamental.
[902.] C. sroroxtFira, Michx.  Red-osier Dogwood.
N.S.; N.B.; Que.; Ont; Man.: NAWITL; B.C.
Shrub ; hardy.

137
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[0c6.] C. arrerNFOLIA, Linn.  Alternate-leaved Corndl.
N.S.; N.B.; Que.; Ont.
Tall shrub or small tree : hardy.

XLVIIl. CAPRIFOLIACE Z— Hontysuck'e Family.

245. SAMBUCUS, Linn, [Elder.]
[909.] S. racrmosy, Linn.  Red berr'ed Elder.
N.W.T.; B.C.
‘Iall shrub ; hardy; fruit ornamental.
Var rupens, Warsox.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T
‘Tall shrub ; hardy ; fruit ornamental.
lo10.] S. Canabexsis, Linn.  Common Elder.
N.S.; N.B.; Que.; Ont.; Man.; NAVE
Shrub ; hardy ; flowers ornamental.
246. VIBURNUM, Linn. {Arrow wood.]
[912.] V. cassixoipis.  Linn.
N.S.; N.B.; Que.; Onto; Man. ; NAWT.
Tall shrub; bardy.
lo13.] V. pExTATUN, Linn.  Arrow-wood.
Ont.
Shrub ; hardy ; leaves oanamental.
[914.] V. punescrns, Pursh.  Downy Arrow-woed.
Que.; Ont.; Man.
Shrub ; bardy.
[915.] V. acrriroriva, Linn. Mapie-leaved Anow-wead.
Que.; Ont.: Man.; N.WT,
Siirub ; hardy.
lo17-] ¥. Orvrus, Linn.  High-bush Cranberry.
N.S ; N.B.; Que.; Ont.; Man.; N.W/E,
‘Tall shrub ; hardy ; fruit ornamental.
247. LINNJ/EA, Gronev.  [Twin-flower.]
l919.] L. BorEALIS, Gionov.  Northan Twinflower
N.S.; N.P.;Que.; Ont.; Man.; N.WUTS; BLC.
low creeping evergreen; shrubby ; hardy; flowers ornamantal.
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248. SYMPHORICARPOS, Juss. [Snow-berry.|
[921.] S. racemosus, Michx.  Snow-berry.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T.: B.C.
Shrub ; hardy ; fruit ornamiental.
249. LONICERA, Linn. [Honeysuckle. Woodbine. ]
[925.] L. SuLtiva ru, Gray. (?)
Ont.; Man.
‘I'wining shrub ; hardy ; flowers ornamental.
|926.7 L. GrLavca, Hill.  Smooth Honeysuckle.
Ont.; Man.; N.W T,
T'wining shrub ; hardy ; flowers ornamental .
l927.] L.. ixvoLveraTa, Banks.
N.B.; Que.; Ont.; Man.; N.W.T.: B.C.
Shrub ; bardy.
[928.] L. cnaara, Muhl.  Fly Honeysuckle.
N.S.; N.B.; Que.; Ont.; Man.; NW.UTL; BUC.
Shrub ; hardy.
250. DIERVILLA, Tourn.  [Bush Honeysuckle.
[932-1 D. Trrripa, Mwench.
N.S.; N.B.; Que.; Ont.; Man.; N.W.T.
Low shrub; bardy.
XLIX. RUBIACEZE —Madder Family.
252. CEPHALANTHUS, Linn, [Buuon-bush.]
[934.] C. occipeNTaLss, Linn.  Button-bush.
Que.; Ont.
Shrub ; hardy.
LV. VACCINIACE £ —Huckleberry Family.
349. VACCINIUM, Linn.
[1355.] V. corvmuosuy, Linn.
N.S.; N.B.; Que.
Low shrub ; hardy.
{1359.] V. Myvernaes, Linn.  Whortleberry.  Bilberry.
N.W.T.: B.C.
Low shrub ; bardy.
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Zoology.—The Scieutii: Results of the * Challenger Expedition.
With wext Hlustrations and Plates [I—XVII.  Introduction, by E.
Raya Lankester. F. R. S.

I H;{fir?gr\aphy and Navigation. By sSuff-Captain T. [, Tizard, R. N.,

II.  Oceanic Circniation. By Il. N. Dickson.
I11. Geology.

Coral-Reefs. By Professor 1. W, fudd, C.B., FIR.S., V.P. G.S.

Chemico-Biological Changes in the Ocean By Robert Irvine, F.R.S.T
I.C.S.

Marine Deposits. By John Chumley, of the * Challenger 7 Olfice.

IV. Botany.
The Marine Flora. By George R M. Murray, FOR.S, k., F.L.S.
The Land Flma. By C. Baron Clarke, FLRS,, Pres. 1L.S.

V. Zoology.

(Introductany.) By @rofesser Eenst Haeckel, ML, D., Phe Dy Hone FURSCEL

Eapecations and Resvits. By Po Chalmers Mitcheli, MUAL, FUZS.

Foraminifera. By C. Davies Sherborn, F.G.S., F.Z.S.

Radio'aria. By Professor Erast Haeckel and A, Vaughan Jennings, F.L.S,,
I Gos.

Sponges. By Professor Wo | Sollas, M.AL, DoSe, LED, FIRS, with
note by Professor 1aeckel.

Coelentern. By Professor 3. J. Hickson, M. AL, D.Sc., ¥ RS, Professor I,
Perceval Wiight, M.AL, MDD, FOLLS, MURIL AL, P Chalmers Mitcheldl,
and Professor 12, Haeckel.

Echinoderma. By F. A. Bather, MoAL FLG.S, WL Perey Sladen, VRS
F.G.S., Theodore Lyman, and Professor Hijalmer Taéel.

Aunclida and  Nemertea. By Professor W. C. Melntosh, M.AL, LilD,
F. RS,

Arthropoda. By Rev, T, K. R, Stebbing, MUAL, FIL.S,, FoLE, Beddard,
MLAL, FLRUS, T Rupernt Jones, FLRS., De P Co Hoek, Memb, R,
R. Ac. Netherlands, R. 1. Pocock, and G, {1. Carpenter, B. Sc.

Mollusca. By Professor Paul Pelsencer, D.Se, and  W. E. Hoyle, M.AL,
M.R.C.S., F.R.SE.

Brachiopoda. By A. F. Bather.

Bryozoa.

Hemichordata, By S, I, Tarmer, M. AL, Bose, FUZS.

Tunicata. By Professor W, AL Heedman, D.Se,, FIRS,

Venebrata, By AL Smith Woodward, B.Sc., F.GLS., F.Z.5., R, Bowdler
Sharpe, LL.D., F.Z.5., DPwiessor Sie William Tarner, M.B., LL.D.
FLIRS.,. and Oldiield Thomas, F.Z.8.

VI. Aathropology. By I'tofessor A, C. Haddon, M. AL, M.R.LAL, FLZ.S.

Natural Science, Vol. VII, No. 41, pages 7--75, Londen, July 1, 1895,
(Special *“Challenger Number™ of ¢ Katural Science ™ may be ordered from Rait,
Henderson & Co., Ltd, 22 St Andrew sticet, Holborn Chcus, London, England,
P'rice = One shilling nett.)
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