THE ORNADIAN XRCHITECT AND BUILDER. . .

R ROCKS. * !
B0 i what & archll‘ects have at least one interest in common, they both
Tocks of the eo]gef)loglst calls *“ rocks" and an architect ‘' stone.” The
field angq lhegic.ogflSt lnclu.de. however, the sand of a seashore, the soil of a
in any of lhes; ofa glacier, whereas no architect would think of building
Some other Wimenrmte;:ls unlesslpefhaps an if:e pa.lace at Quebec this or
imSelfa Petrogra.pher e geo]l.oglst »tlhen dealing Wlﬂ.l roc?«s is apt to dub
B0 gives Dimeclf 1 or a lit ologist, but the. arc.hltect is more modest
The S o sPeCI;xl name b.ecause he builds in stone.
iﬂ“eous roefsap t?r d‘xvxdes rocks into x.hree grand divisions,—massive or
Tocks havin l.h "'e=ul.tmg from the cc?ohng of melted material ; schistose
readily in gn ‘;" m‘f’erals arrang}:d in a parallel way so as to split most
Ments of othe irection ; aqd sedimentary or clastic rocks made of frag-
Breatesy Variefr r?Ck.S deposited by water. The massive rocks show the
COnstituents y of minerals, and are always taken up first. Their mineral
€ rock imoare of two l"»!nds—essennal. when their absence would throw
B foiie ':;nothér species, and access'ory when less. important.
rog| erystal ;hpla).'mg.the largest part in the ff)rmauon of. rocks is quartz,
Pyramig, 4 en it displays its own form. a six snd'ed pl"lSul ending in a
““a‘lacked : is the hardest of the essenual.rock-formmg minerals, is almost
many S y fhe wea(her,. ar.xd therefore‘ is .the most useful constituent of
Orthoclase SSUIl%}ble for building. Next in importance come the fe!spars,
g owing lthh its ﬂc.sh red or white cleavage surfaces, arfd plz?g‘loclase
Alumipg ae lcate striations, on cleavage plm.'nes. The tormerils a sl{lcate of
B il nd potash, and the latter of alumina and soda or lime. .Some of
orite ggclase felspars have a magnificent play of color, as m.labra-
Most ‘im f the darker rock minerals, mica, hornblende and augite are
" portant,
siuca:eo?"e several k.inds of mica, but we need mention or'xly m‘u.scovite, 2
dark i o potash having pale colors, and biotite, a rnagnestan silicate very
into 5 °l9r- All micas may be recognized by ﬂfell' very perfect cle‘a.vage
aving leedmgly thin elastic plates. Hornblende is a dark colored silicate
e ‘]V° planes of cleavage with an ang]e.of 124 degrees between them.
amo;g Zles cle.ff off are not elastic. .A.uglte or pyroxene, another Qafk.
ﬁ"guish j“k- silicate, has usually no distinct cleavage, a'nd may be distin-
uch in(:r thus from hernblende. Of the accessory minerals, fe\fv are of
e areres! to us, though garnet, often of a fine red f:olor, occurs:: in many
'ﬂetim,:u;d Torento, and tc.mrmaline in black trlangulnr. prisms may
ehitecy . 2 e seen. .The most important ol: the acc.essory minerals tq the
in Cubes 'Whl.l'On pyrites, a hart.j. brassy looking sulphide of iron crystallizing
and ﬁnail ich under the action of the weather may change to  sulphate
y stain the rock where it occurs rusty brown with oxide of iron.

yTur::ng now to the rocks themselves, granite is naturally taken up first
of the gr:l‘:trograp?lers‘ and arch'itects. as the most widespread and useful
lende an:' It consists essentially of quartz, felspar and mica or hoin-
A Spar: : ‘lakes on grey or flesh red colors from the prevalent orthcclase
and py fo: is one of the handsomest and most durable of building stones
18 one gef, NS. great haldqess wc.:uld. no doubt come into much wider use.
Batq Shect is the ease with which it crumbles under. the action of ifnense
tack js Callown at .the Bos_ton fire. If quartz be omitted from granne' the
rock, the, ed Syfimte, which has the same colours and.uses.as the preV}ous
With b, ugh a little softer to work. When the felspar. 1s.slrlated an.d r.mxef:l
augite irnblmde, forming a dark green or black rock, it is named diorite ; if
all intos the dark mineral the rock is diabase or gabbro. All tlllese rocks
them the same line in the hands of the builder, who sometimes calls
P black granite,
gen::;h::ies are rocks, unlike those that have been described, in that the
o Crysta]ass is fine grained or compact in structure enclosing !arger grains
an dSOmes tOf quartz or the felspars, Some 4.:>f the poTphynes are very
The mos ones for orname'mal work: but are little used in building.
and i, witi :e important ancient massive rocks b:«.we now been described ;
f modern cai Ce.ly be nece'ssary t.o take up 1n detail the corresponding series
Since this we‘:uptwe rcclfs, including the lavas, such as trachyte and basalt ;
ole group is absent from eastern Canada.

t ;rnk:'egsz:;:“’se r0.cks. 100, n'eed onl4y a brief mention, since only one of
Plates, s uq:dpfacuc;my granite, hzf.wpg a parallel arrangement of its mica
a whole h(;u to any extent' for building. In Norway one sometimes sees
are the fra se built of goeiss, roof as well as walls.. Far more important
useq buildimemal or sedunentary-rf)cks. Whl?h provide the most commonly
of clay in sog stones, We may divide tk.n?m into thn.ae' groups, those made
ete), anq lh;“e for'm, lhos‘? made up of silica or the silicates (quartz, felspar,
Of magnes; se which consist of carbonate of lime or of this with carbonate

The g a.
on by ‘E:‘;:Z ‘;’ argillaceous rocks are usually too feeble and easily acted
clayg t:ollsoli,;lt er to be of use in building. The slates, however, \thch are
able minute ated and |:netamorphosed.‘ are an exception, since innumer-
inding s Crystal.s of mica and olhen: x.mnerals have begun to form in them
Passed by no"‘“}';ff ials together and giving a resistance to the weather sur-
a3 & roofiy othery ock. The perfect cleavage Whl(fh gives slate its value
expect, buf’hmalerml does not correspond to the stratification, as on¢ would
tain builgin i bTee“ caused probably by strong lateral pressure in moun-
of by archizg. he different tones of color in slates are taken advantage
Perhaps ;]cts to give variety in roof effects.
Stones, R e most useful group of rocks in architecture is that of the sand-
find reccias, made up of large angular fragments are too rare (0
uch place as a building material ; and conglomerates, formed of
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rounded pebbles cemented together, are also rarely put touse, though some
notable buildings, such as the Pitti Palace, are built of them. Our brilliant
jasper conglomerate from Lake Huron with its red pebbles in a white
ground might give striking effects, though it would be very bard to work.
It would probably last for eternity, however, if put into a building. Sand-
on the other hand, are among the most favored building materials.
of grains of quartz, often with a large admixture of
or other silicates, and result from the destruction of the
older massive rocks. The cement binding the particles together has a great
eftect on the durability of the stone and should receive more attention than
it does from architects. A siliceous cement forms a rock difficult to work
but that will practically last forever. A ferruginous cement consisting of
oxides or carbonate of iron is a durable one and occurs in many reddish or
brownish sandstones, The cement istsaid to be calcareous when carbonate
of lime is deposited between the sand grains. Such sandstones effervesce
with cold, dilute acid, and the lime is more or less easily attacked by rain
charged with carbonic acid from the air of cities, allowing the stone to
crumble. The least efficient cement of allis argillaceous or clayey, and
sandstones containing it readily disintegrate when exposed to the weather
in a climate like ours. The clayey odor when breathed upon affords a rough
test for the argillaceous cement. It is an unhappy fact that the durability
of a sandstone is often in inverse ratio to the ease with which it is worked,
so that the builder is tempted to use the poorer qualities.

Last come the carbonates, consisting of caleium carbonate in limestone,
and of calcium and magnesium carbonates in dolomite. The two may be
distinguished by the action of cold acid, which effervesces strongly with the
carbonate of lime, but hardly at all with dolomite. The limestones are
generally formed of broken shells, though in many compact varieties, such
as lithographic stone, the fossils have completely disappeared. Porous
modern limestones, formed by springs are called travertine, The most
ancient limestones have been so metamorphosed as to become thoroughly
crystalline, and when very fine grained and pure whiteare statuary marbles.
Many of the colored varieties of so called marble are really, however,
uncrystalline limestones. The Ifinestones are often admirable building
stones, durable and handsome, but are apt to be attacked by the atmosphere
of great cities charged with acid fumes. The dolomites resist this action
somewhat better, A very handsome variety of chemicaily deposited car-
bonate of lime, sometimes used for interior decoration, is called Mexican
onyx in the trade, though incorrectly, since the true onyx is a variety of

stones,
They consist chiefly
fragments of felspar

silica.

The coloring matter of rocks is usually some compound of iron. Reds
are caused by the sesquioxide, hematile ; browns and yellows by the
hydrous or brown oxide. Red and brown sandstones are good
examples of this, the paler they are the less oxide of iron they contain, while
pure white ones are practically free from this metal. The flesh color of
orthoclase felspar in the granites arises also from the red oxide of iron. On
the other hand silicates and other compounds of iron in the monoxide state
show various shades of green or gray, or almost black, as in the diorites
and other greenstones, in green slates, and greenish grey sandstones,
These green monoxide compounds of iron tend to weather into the ruddier
sesquioxides. One often notices that pale greenish sandstones turn yellow-
ish or brownish on exposure, a result of slow oxidation of ferrous oxide.
The darker limestones are usually colored with bituminous or coaly matter,
which on exposure gradually oxides ; so that a blue limestone, like that of
Kingston, eventually bleaches to a pale grey, almost white ; Kingston by

moonlight seems built of marble,
The weathering quality of rocks is a matter of great interest to architects,
for on this turns the permanence of their work. Certain rocks, such as
quartz des and sandstones with a siliceous cement are practically indestruct-
ible by the weather, as one can see on surfaces scoured by glaciers during
the ice age 7000 years ago, but stll showing the polish and scratches then
given them. Rocks.formed of silicates, like granite and syenite, are also
very resistant ; others like tgf limestgnes gndhma'rbles are }lov;:l]y dlssqltved
i re rapi acted on by the impure air of large cities,
323}? :o‘:ldlai":xrse rl?::ces o? Su)iphuric acid. The dolomite of the English
parliament buildings is said to be suffering badly from this cause. Sand-
stones with clayey cements are readily disintegrated in moist and change-
able climates ; and stone containing much iron pyrites should be looked on
with suspicion, since it is very apt to weather into brown oxide of iron,
weakening the ston¢ and giving rusty stains, as in the_parll_amem buildings
at Ottawa. The porosity of a stone 1s a matter of prime importance in a
climate like ours where water soaked walls may be quickly crumbled under
i ost. s .

theI: :c:-‘ooc[;( :rcf:mposed of several dlf'fe_rent ml.nerals, like granite, great
changes of temperature tend toward disintegration through unequal expan-
sion. Quartz has a cubic 9XP9~"SI_OT] of ‘000036 for one degree centrigrade,
orthoclase only 17 parts ina million. In case of a great fire where the
temperature may be _ralsed.sudde_nly 1000 degrees or more, this unequal
expansion sets Up strains which splits off the surface, as in the great fires of
Boston and Portland, where massive granite buildings crumbled to ruins,
One would expect limestones to burn to quicklime and thus fall to pieces,
but actually they resist far more heat than granite, while sandstones resist
fire best of all.

The last point to be referred to is the best means of testing a rock intended

for building purposes. The test of time is of course the most convincing of
all, but then on€ cannot always wait a thousand years to see how durable a
building stone is. The resistance of a cube of stone to crushing strain
gives useful evidence as tots strength, and the amount of water it absorbs
helps to a decision as to its durability in frosty climates; but the most
valuable test .of a scientific kind isa petrographical examination. The
lithologist unlike other men can look through stone walls. By the micros-
copic study of thin rock sections one can determine the actual minerals that
make up a rock, their relationship to one another, their state of freshness or
decay and the character of the cement that binds the particles together. No
other method will give such complete evidence as to the internal structure
of arock, on which its durability depends, as 2 careful examination of
sections under the microscope.



