HISTORICAL NOTE

Granite and Marble

Two types of stone, granite and mar-
ble, have been used since ancient times
for building, decoration, and sculpture.
Granite is used particularly in applica-
tions that require great resistance to
weathering, such as in monuments,
tombstones, road curbings, building fac-
ings, and foundations.

Granite is the most common igneous
rock (formed from solidified magma),
and is found in masses that may extend
for tens or hundreds of miles. Granite
varies in color and is usually light, with
gray predominating, but is also found in
pink, yellow, red, and green. The col-
oration is determined by impurities in
granite’s most dominant mineral con-
stituents, feldspar and quartz. Other
components of granite include mus-
covite, biotite, pyroxene, and horn-
blende.

In addition to its pleasing colors, gran-
ite has several other advantages: it pos-
sesses great strength and durability, has
a homogeneous texture, and is not too
difficult to work with. Granite is the
hardest of all building stones. Disad-
vantages include its rough surface
(which takes on a dirty appearance) and
its tendency to spall, or crumble, when
directly exposed to fire. Prior to World
War II, the widespread use of macadam
and concrete for roads, along with the
occurrence of the Great Depression of the
1930s (which brought construction to a
virtual standstill), caused a downturn in
granite production that lasted until the
post-war building boom.

Marble, a metamorphic rock usually
derived from limestone (in which the cal-
cite has been recrystallized), is a favorite
stone of architects because of its beauty
and the ease with which it can be
worked, as well as the warmth of its pol-
ished surfaces. The calcite grains in mar-
ble reflect light penetrating through
minute cracks in the surface, producing a
luminescence. Marble's resistance to
abrasion makes it popular for stair treads
and flooring. The hardness of marble is 3
on the Mohs scale. Marble has been used
in constructing such famous landmarks
as the Parthenon in Athens, the Taj
Mahal in India, the Lincoln Memorial in
Washington D.C., and St. Peter's Basilica
in Rome.

Because granite and marble have been
extensively used since ancient times,
quarrying of the stone was a major
industrial activity. Beginning in ancient
Egypt, granite or marble quarries were
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the sites for large construction projects.
From these sites, the Egyptians could
move blocks weighing up to a million
kilograms, hauling them to distant build-
ing sites. Most of these quarries were
open-faced, though workers could
extend tunnels several hundred meters
into cliffs to reach inclusions of high-
quality granite or marble.

After stripping away the top layers of
dirt and weathered stone, rows of holes

“were drilled into the exposed rock with

metal bow drills. Wooden wedges were
driven tightly into the holes, then doused
with water; the wood absorbed the
water, which expanded the wedges
enough to crack the rock along the line of
holes. Since granite is much harder than
marble, workers used not only picks but
also pounding balls of dolerite (a very
hard, coarse basalt) weighing up to 5 kg.
Wherever possible, workers took advan-
tage of natural joints in the rock to facili-
tate easy splitting.

In modern granite-quarrying opera-
tions, similar methods are used to split
the blocks. Holes, about 2 cm, are drilled
8-13 cm into the rock; inside each hole is
placed a set of steel "feathers” (half-
round shims) and a wedge plug. The
plug is successively driven between the
feathers; the force is eventually sufficient
to split the rock.

Marble blocks are quarried with the
same technique, though the softer marble
requires the drilling of deeper holes.
Wire saws may also be used—a single-
strand or three-strand wire runs as a belt
over the rock, cutting by abrasion as
sand and water are fed into it. Explosives
are almost never used for marble quarry-
ing because of the danger of shattering
the rock.

Masons finished rough marble stones
to the proper dimensions at the building
site itself, using metal chisels and mal-
lets, squares, plumb bobs, and straight-
edges. Such tools remained standard
until the 1800s, when power machinery
and explosives began to be widely used.
Mill sawing of marble into slabs is cur-
rently done with parallel iron blades fed
by sand and water. For finishing, marble
may be machined with lathes and carbu-
rundum wheels.

In quarrying, at least one half of the
marble is wasted because of breakage.
The waste marble is crushed or pow-
dered for use in stucco or mosaics. Small
spheres made of waste marble chips—
called "marbles"—were used in 17th-cen-

https://doi.org/10.1557/50883769400047199 Published online by Cambridge University Press

tury childrens' games; toy marbles are
now usually made out of glass.

Since granite is the hardest and most
durable of typical building stones, histor-
ically it was the most widely used mater-
ial for foundations and structural work.
The Egyptians used both granite and
marble, as well as quarried sandstone
and limestone, for their massive con-
structions. The Romans imported mar-
bles and granites of different colors from
various parts of the Empire. They treated
marble mainly as a decorative rock, set-
ting it into cement or applying it in slabs
to cover brick walls. The Romans also
used marble for pavement that was set in
geometric patterns or mosaics.

Marble is perhaps most famous, how-
ever, for its prevalent use in fine sculp-
ture. Granite, with its salt-and-pepper
coloring and irregular glinting from
embedded mica and quartz crystals, is
much less favored than the fine, nearly
translucent white marbles. The practice
of sculpting in marble started in ancient
Greece and continued through the
Renaissance to modern times. Michel-
angelo, Donatello, and Antonio Canova
used marble, as did their ancient prede-
cessors Phidias and Praxiteles.

Typically, a sculptor starts with a
block of stone and a pointed chisel,
knocking off large chunks that will not
be included in the finished piece.
Holding the chisel at an acute angle, the
sculptor roughs out the approximate
shape of the statue, paying close atten-
tion to the grain or stratification of the
marble, since a misdirected blow could
disastrously split the piece. Carving
around the stone, the sculptor criss-
crosses the direction of each set of trim-
ming. The detail work is completed with
successively finer chisels, rasps, files, and
abrasives, until the finished sculpture is
polished.

Today, unfortunately, the widespread
use of fossil fuels in our industrialized
society poses a theat—in the form of
"acid rain" and other pollution—to mar-
ble sculpture and fine stonework dis-
played outside. Sulfur dioxide in the air
transforms calcite on the surface of the
marble into gypsum, and the process of
recrystallization causes severe damage to
the stone. Migrating salts, such as
nitrates or chlorides, also harm the inter-
nal structure of marble as they travel into
deep pores and expand during recrystal-
lization. Many efforts are currently
underway to protect and restore classic
works of architecture and sculpture.

KEVIN J. ANDERSON

MRS BULLETIN/MAY 1993


https://doi.org/10.1557/S0883769400047199

NEW BOOKS FROM
The Materials Research Society

The following books have just been published
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Nanophase and Nanocomposite Materials
Editors: S. Komarneni, J.C. Parker,

G.J. Thomas

Covers the synthesis, processing and proper-
ties of nanophase and nanocomposite materi-
als, documenting the first symposium of its
kind in this rapidly growing field. Topics:
nanophase ceramic materials; nanophase met-
als and alloys; sol-gel nanocompaosites; bio-
logical and polymer nanocomposites; nano-
composites from layered and cage structures;
nanocomposites through multilayers; nano-
composites for various applications. 1993,
hardcover, 66 papers, 457 pages.

ISBN: 1-55899-181-6 Code; 286-B
$55.00 MRS Members

$63.00 U.S. List ~ $72.00 Foreign

Silicon Nitride Ceramics

Scientific and Technological Advances
Editors: I-W. Chen, P.F. Becher, M. Mitomo,

G. Petzow, T-S. Yen

in the past decade, silicon nitride ceramics
have been developed for a number of applica-
tions, including those with quite stringent reli-
ahility and economic requirements (e.g., auto-
mobile turbocharger rotors). These applica-
tions serve as graphic examples of the real
advances that have been accomplished. The
progression of these materials has been based
on advances in the fundamental understand-
ing of processing-phase equilibria-microstruc-
ture-mechanical properties relationships cou-
pled with the development of the manufactur-
ing and engineering practice capable of pro-
ducing highly reliable components. These
advances are reflected in this proceedings voi-
ume. 1993, hardcover, 67 papers, 549 pages.
ISBN; 1-55899-182-4 Code: 287-B
$55.00 MRS Members

$63.00 U.S. List ~ $72.,00 Foreign

ORDER FROM:
Materials Research Society
9800 McKnight Road
Pittsburgh, PA 15237
Phone (412) 367-3012
FAX (412) 367-4373

In Europe, Africa, and

the Middle East contact:

Clarke Associates—Europe, Ltd, 13a Small
Street, Bristol BS1 1DE, England; phone 0272
268864, FAX 0272 226437
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Mirror-transiational (011) twin boundary in modulated Bi,Sr, CaCu,QOg 5
X.C. Wu, W.S. Wei and T.S. Shi
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Fractal morphology of cement foams
G.N. Karam and T.D. Tonyan

Structural analysis and space model of the glassy alloy Cug 19ASg.45T€0 45 by X-ray
diffraction
C. Wagner, J. Vazquez, P. Villares and R. Jiménez-Garay

Vibrational spectral/structural changes from the hydrolysis/polycondensation of
methyimodified silicates. lii. IR spectral comparisons for condensates from the
binary methyltrimethoxysilane/tetramethoxysilane system

C.A. Capozzi, R.A. Condrate Sr. and L.D. Pye

Time and composition dependence of the spectral shape of the X-ray Ce-L,,
absorption in the R,_, Ce,CuQ,_4 superconductors
L.D. Finkelstein, N.N. Efremova, A.V. Postnikov, E.Z. Kurmaev, N.A. Babushkina
and G. Balakrishnan

Training and aging effects on shape memory behavior in a two-phase NiAlFe alloy
J.H. Yang and C.M. Wayman

Diffuse phase transition in solid solutions of Pb{Mg; Zn:Nb )O3, and PbTiO,
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Colloidal processing of silicon carbide
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