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By WirLiam C, DAY,

VALUE OF VARIOUS KINDS OF STONE PRODUCED IN
1893 AND 1894,

The following table shows the production of the various kinds of
stone in the United States in the years 1893 and 1894:

Value of different kinds of stone produced in the Uniled Stales during lhe years 1895
and 1504,

1504,

$10,020, 156
. 109, 585
2,790, 324
3,045, A7
16, 512, D04
@900, 000

a7, B77, Bi6

An inspeetion of this table shows a gain of %3,492,243 for the year
1894 for all the kinds of stone considered, Production of granite,
marble, slate, and limestone has inereased, while a falling off' is evident
in the cases of sandstone and bluestone.

The gain in granite outpnt is dne to the inereased business of quite a
small number of important producers, chiefly in New England. Many
small producers have not, however, enjoyed prosperity; in not a few
instances, indeed, quite the reverse has been true, even to the extent
of a complete shutting down of all operations on the part of some,
owing to the depression which has been felt by all commercial enter-
prises during the past two years.

The increase in marble output is due to increased activity in Georgia
and New York,

1To Mr. William A. Raborg. of the United States Geological Snrvey, T am eapecially imdebted for the
intelligence and anremitting zeal with which he has cooperated in the dificult work of securing and
tubulating the statistics of \ﬁxis' report,

It is almost mues_ur{.to atate that the statistical data of this report are obtained by direct indi-
vidual correspondence with the stone producers of the United States,  To the thonsands of g 1en
who have courteously and promptly replicd to the inquiries addressed to them in connection wh;g thia
and former reports, my grateful mlmnwledq;nmm; are doe. The feeling of cooperation shown by

narrymen in contributing to the value of the report hy their replies, and the interest which th
ﬂatvi:lzlwnys ?hown in the published results, make the duty of distriluting among them copies of th
a gratifying one.

In the w of this report T have been aided by a number of the technological articles and
items whgeh have n]:fmmd from time to time in the journal *Stene, " and which are elsewhere individ-
ually eredited, and also by the courteons cooperation of the editor of that journal in calling the atten.
ga:h:f stone producers to the importance of replying promptly and fully to the inguiries a

. )

In the consideration of the constituent minerals of the itie roeks, T have followed, in general,

the classitications adopted in the Tenth Consus Report on the Duilding Stones of the United States.
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The slate industry during the past year has been recovering lost
ground to some extent, but the activity shown in 1894 is very notice-
ably less than that which has characterized the early part of the
present year, 1895,

For reasons given further on in connection with the sandstone
article, the production of sandstone has fallen oft’ very decidedly.

Timestone shows a very marked inercase, bub this may be acconnted
for in part by the exceptionally thorough and searching eanvass of the
limestone producers which has been made in compiling the statistical
data for 1594,

The fignre for bluestone is an estimate, but is made on satisfactory
evidence of a general character and is probably quite close to the
truth in showing, as it does, a falling off’ in valuation. Prices for blue-
stone have been deelining for sometime past.

VALUE OF STONE PRODUCED IN 1894, BY STATES.

The following table ghows the values of the different kinds of stqne-
produced in 1894, by States:
Valua of various kinds of stone produced in 1554, by Stated.

~238E

States. Granite. | Sandstone. | Blate. Marhle. | Limestone. Total.
18,100 |... $210,269 228,
19, 810 18, B10
38, 228 J 1iE, B
258, #U0 625,
%gi:m ‘ 280, 571
44 | 1,08,7
178, 805
40, 819 40, 639
82,000 1,301,989
5, 815 18, Bi4
2,566,852 | 2,608, 654
1,203,108 | 1,225,298
16, m‘ a3t 269
241, 030 271, #04
18,68 | 14,
H10, U8t
R
987
26
802
070
238

16,512, 004 |a 87, 377, 10
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THE GRANITE INDUSTRY.
THE TERM “GRANITE"” AS USED IN THIS REPORT.

The term “granite,” as it is nsed in this report, might more properly,
from the strietly seientific standpoint, be replaced by the designation
“orystalline siliceons rocks.”  Since, however, the report is of inferest
chiefly as a statistical production, and iz intended to give to those
interested in the commercial aspects of the subject information bear-
ing upon not only the true granites, but also upon those rocks whose
general properties and industrial applications are the same as those of
true granites, it has been thought wiser to use the term * granite” as itis
understood by quarrymen, Most of the material ineluded under this
head is really true granite, but some of it is granite only in the com-
mercial sense of the term. The tables giving the values of granite
output in the various States of the country show, therefore, no distine-
tion between true granites, syenites, trap rocks, gneisses, and erystal-
line schists,

COMPONENTS OF GRANITE.
The essential components of the true granites are quartz and feld-
spar. Quile a number of other minerals are, however, (o be found in

the granites, and these have been classified by Mr. G. P, Merrill, in the
Teuth Oensus report on stone, as follows:

i Garnet.
e Y Danalite.
i ocla 48 Rutile.
mm_-nchm Apatite.
Albite. Pyrite
Olizoclnse, fynhl::tita.
Labradorite. Tt
Maguetite.
Oharacterizing aicessories, Hewabite,
Mo, Titamiv ivon,
Mugcoyite. Diecomposition products.
Biatite. Chlorite.
Phlogopite, Epidote.
Lepidolite Uralite.
Horublende. / Kaolin,
P!zm Iron oxides,
Epidote. Caleite.
Chlorite, Muscovite,
Avmite, Inclosures in cavities.
y : 1, Water.
Migroscopic aecessories, Carbon dioxide.
Sphene. Sodium ehloride.
Ziveon, . Potassium chloride,
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varieties are by no means sharply deawn, one kind gradually merging
into another in many cases.

Muscovite granite.—This variety is always light in color, from the
nearly colorless character of the museovite, * Comparatively little is
quarried in the United States. A highly important example is that
produced at Barre, Vt.

RBiotite granite.—The biotite granites are the most widespread of all
the varieties naumed above, In eolor they yary from light to very dark,
according to the mmount of mica present and the color of the feldspar,
Many of the red granites belong to this elass, the red color being due
to red feldspar. The granites of this class are, as w rule, tough and
hard. Good examples are the granites from Dix Island, Maine, West-
erly, R. L, and Richmond, Va.

Muscovite-Diatite grawite.—As the name implies, this granite stands
between the two already considered. The essential coustituents are
(uartz, orthoclase, muscovite, and biotite. The Concord, N. H., gran-
ite is a good example of this variety; similar to it is the stone from
quarries at Allenstown, Sunapee, and Raomney.

Horublende granite.—In addition to the hornblende uontamed in this
granife as the characterizing accessory, black mica is in nearly all cases
likewise to be found. Biotite is fonnd as a microseopie constituent in
many hornblende granites, and the name “horublende granite” is,
therefore, restricted to those in which no biotite is visible to the naked
eye. Granite belonging to this class is quarried at Peabody, Mass.,
and also at Mount Desert, Me.

Hornblende-biotite granite.—Some of the most beantifnl of our granites
belong to this ciass, notably so-called black granite from S{. George,
Me.. and some of that quarried at Cape Ann, Massachusetts, and at
Sauk Rapids, Minn. The essential constituents are quarty, orthoclase,
hornblende, aud biotite. These granites are susceptible of fine and
lasting polish. .

Epidote granite.—The granites of this class in the United States ave
rare, an example being that quarried at Dedham, Mass. The roek
works easily and takes a good polish.

Syenite.—The absence of quartz in a granite, or its presence ouly to
the extent of forming an aceessory constituent, determines its classifi-
ealion 18 o syenite. Fine syenites are known to oceur, but they have
not been extensively quarried.

Gueiss.—Stratification determines the classification of granite as
gneiss, It cleavage enables it to be quarried in the form of slabs suit-
able for curbing and similar uses in which slabs are desirable. The
stratification is largely determined by the uniformity in the direction
of the flat cleavage planes of the mica present in it. The terms “bas-
tard granite” and *stratified granite” are commonly used in reference
to gneiss. The only essential difference between granite and gneiss
being in the matter of stratification in the latter, there is good reason
for the use of the single term “ granite” as applied to gneiss,
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Mica schist—The minerals present in this rock are essentially quartz
and mica. If differs from gueiss in its lack of feldspar. This variety
is easily quarried, and is well adapted to foundation construction and
bridge work, but it is not in general favor for fine superstrnetures.

Dighgse.—This term ineludes vocks commonly ealled trap rock and
black granite. The essentinl minerals ave angite aud triclinic feldspar.
Microscopic accessories are magnetite, titanic ivon, and frequently apa-
tite and black mica. These rocks arve eruptive and oceur in dikes,
Examples of this variety are the products of guarries at Weehawken,
N. J.,, and other localities in the same State, and in Pennsylvania and
Virginia,

Buasalt.—This rock differs from diabase in being of finer texture and
of more recent origin,  In Califoruia this rock is extensively employed
in the manufacture of paving blocks,

Porphyry—In this rock the constituent mincraly, essentially quartz
and orthoclase feldspar, are exceedingly minute, making the rock com- -~
pact and close-grained. They are of eruptive origin and occur in dikes,
like trap rocks, They show considerable variation in eolor, are almost
indestructible, and take a fine polish. They are ent with diflieulty and
their hardness and lack of stratification constitute serions obstacles
in quarrying. In this conneetion the reader is reminded of the inter-
esting rediscovery of the ancient BEgyptian quarries of porphyry
deseribed in the Report on Mineral Resources for 1893, Steps have
been taken toward the reworking of these long-abandoned quarries by
Messrs. Farmer and Brindley, of London., Quartz-porphyry is found
at Fairfield, Pa.. and at Stone Monntain, Missouri.

GEOGRAPHICAL DISTRIBUTION OF THE VARIOUS CLASSES OF
GRANITE.

The following list, from the writer’s report on granife for the lleventh
Censns, gives a general idea of the geographical distribution of granite,
and indicates most of the particular kinds that have been or are now
being quarried in the various localities mentioned :

ARKANSAS,

Hornblende-biotite granite.. ... Pulaski Connty,

Elzolite syenite. ... .ooveeneen-. Garland Connty,
CALIFORNIA:

Biotite granite ..... ...z «v.... Placer Conuly,
Hornblende-biotite granite . ... Placer and Sacramento connties.
Hornblende grunite. ... ... Placer County.

Quartz diorite.....oee. ... Placer Conoty.

Basalt......__ .. ..._._....__.Bolune, Sosomws, and Alameda connties.
Andesite . ..........coaoo. oo Bhasta County.

Andesitic tufa, ... cooevaian. Holano County.

Qunartz porplyry <. .. ... ......Ban Bernardine County.

Baenltie tote - .- ioo oo iaais Tehama County.
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The following list gives the same datu as contained in the preceding
one, except that the arrangement is by kinds of granite instead of by
States:

Hornblende-biatits granite.—Pulaski County, Ark. ; Placer and Sactamento counties,
Cal.y Ponohscot and Knox counties, Me.; Essex County, Mass,; Iron and 8t. Fran-
¢ois countics, Mo.; Carroll County, N. 11 Mecklenburg County, N, O.: Fairfield
Connty, 5. €.; Salt Lake and Weber counties, Urah,

Elwolite syenite.—Garland County, Ark.

Quartz dinrite.—"lacer County, Cal.

Basalt.—Bolano, 8 , and Al 1 ties, Cal.; Jefferson County, Colo.;
Cluekamus sod Columbin connties, Oreg,

Biotite grenite—FPlacer Connty, Cal.; Clear Oreek and Jefferson eounties, Colo.;
Litehfield, New Haven, New London, and Fairtield counties, Conn.; Knox, York,
Washington, Lincoln, Walde, Oxford, Kennebeo, and Hancock counties, Me. ; Balti-
more, Howard, aud Montgomery connbies, Md.; Norfolk, Middlesex, Dristol, Wor-
cester, and Plymonth eonnties, Mass.; Cheshive, Hillsboro, Grafion, and Rockingham
connties, N.H.; Putvun Connty, X, ¥.; Warren, Franklin, Gaston, Granville, Ala-
mnnes, Davidson, Mecklenburg, Tredell, Farsyth, Guilford, Richmond, and Anson
counties, N. C.; Washington, Kent, snd Providence countios, 1. 1. ; Fairtield, Charles-
ton, Aikeu, Lexington, Ricllaad, Edgetield, pnd Newherry connties, 8. €.; Burnet
Connty, Tex.; Washington and Lssex counties. Vt.; Dinwiddie, Chesterfield, and
Henvieo eonnties, Vo,

Andenite.—sShasta Connty, Cal.; Multnomah County, Oreg.

Andesitio tifa.—Solano Connty, Cal.

Guartz porphyry.—San Bernordino County, Cal.; Lake and 8t Louis connties,
Minmn, ; Green Lake Connty, Wik,

Basaltio tufa.—Tehama County, Cal.

Diarite—Chaffes County, Colo.; Herks Connty, Pa.; 11 Paso Connty, Tex,

- Bhyolite—Chaftes and Conejos counties; Colo,

Rhyolitio tufn.—Donglas County, (folo.

Museovite-iotite granite—Litehtield Connty, Conn. ; Kennebec, Waldo, and Franklin
connties, Me.

Musoovite-biotite guoizs,—Litehtield County, Conn.; Cheshire and Hillsboro conn-
ties, N. H.

Biotite gneiss.—Litchtield, New Haven, Now London, Windham, Tolland, snd Hart-
ford connfies, Conn. : Lineoln, Frankling and Androscogein connties, Me. ; Ceeil and
Haltimore connties, Md.; Franklin County, Mass.; Passaie Connty, N, J.; West-
chester and Rocklaud counties, N, Y.; Cleveland, MeDowell, Caldwell, Wilson,
Btokes, Iredell, Wake, and Guilford connties, N, €.; Philadelphis and Delaware
countiss, Pa.; Providence Connty, R, L.; Campboll County, Va.; Jackson County,
Wis,

Hornblende-biotite  gueiss.—Middlesex and Fairfield counties, Conn.; Fulton
Connty, (i, -

Diubase.—New Haven County, Conn,; Washington and Knox counties, Mu. ; Mid-
dlesex aud Hampden counties, Masa. ; 8t, Lonis County, Minn, ; Hudson Connty,
N. J.; Linn County, Oreg.; Adams, York, Berks, snil Lancagter counties, Pa.; Lou-
doun and Fangnier connties, Va.

Augite-hornblende gnsiss, —Neweastle Counly, Del.

Muscovite granite.—Dekalll County, Gn.; Warren County, N. C.; Windsor County,
Vi.; Spottsylvania County, Va.

Hornblende granite.—Placer County, Cal.; Hancock County, Me.; Norfolk and
Essex connties, Mass, ; Sherburne, Benton, and Lake counties, Minm, ; Morris Conuty,
N. J.; Marathon County, Wis.

Olivine diabase,—Washington County, Me,; Chisage County, Minn.; Iron Comnty,
Mo.
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@abbro.—Bultimore County, Md.; S8t. Lonis County, Minn.; Vermont.

Epidote granite.—Norlolk County, Mass. _

Biotite-museovite granite.—Worcester and Berkshive counties, Muss.: Merrimack,
Cheshire, lillshoro, Grafton, Sullivan, and Stratiord counties, N. H.

Riotite-muscovite granite,—Rowan County, N. C.; Caledonia Connty, Vi.

Muasovite gneiss.—Clear Creel Connty, Colo.; Middlesex, ssex, Worcester, and
Hampden connties, Mass.; Philadelphia and Berks counties, Pa.

Melaphyre.—Suffolk County, Muss,

Hornblende-mica granite—Benton County, Minn. ; Lewis and Clarke Connty, Mont. :
Jefferson County, N. Y.

franite.—Iron County, Mo.; Rowan and Orange counties, N, C.; Jackson and
Columbia eounties, Oreg. ; Washingron County, R. 1.; Minnehaha Connty, 5. Dal.;
‘Btevens Counly, Wash. ; Marquette Connty, Wis.

Hornblende andesite—Washoe County, Nev.

Biolite-epidote gueiss.—Grafton County, N. H.

Norite,—Lssex County, N, Y.

Hornblende gneiss.—Burke County, X. C.; Philadelphin County, Pa.; Providence
County, R.T.

Biotite-musconits gneiss.—Delsware County, Pa.

Biotite yohist.—Fanguier County, Va.

METHODS OF QUARRYING, CUTTING, AND POLISHING GRANITE.

The following account of methods of quarrying, cutting, and polish-
ing granife in the United States' is taken from the Eleventh Oensus
report, for which it was prepared from field mnotes talken, under the
writer's direction, by Mr. Walter B. Smith:

METHODS OF QUARRYING GRANITE.
SIRCUTIURE OF GRANITE IN PLACE.

The sneeessfnl and economieal working of granite quarries depends
upon an intelligent application of a knowledge of the structure of the
rock and its natural divisions in the mass, as well as upon improved
methods, tools, and machinery for quarrying. The tapographical loca-

tion of the guarry and its relation fo facilities for transportation ave

important factors that affect the productiveness and greatly modity
the actual cost of operations in a given place.

In regions of great dynamic movement, such as most granite localities
possess, very large rock masses without seams or fissures do not oceur;
but these fractures, extending as they do in certain delinite directions
to each other in the mass, form systems of inchoate joints, which divide
it into roughly rectangular and rhombie forms, thus rendering valuable
assigtance to the quarryman. [t is probable that the fissnres were
eaused by pressure operating in certain directions during the origin or
uplifting of the rock, and it is even possible for it to have been suf-
ficient. to change the molecular arrangement of the component min-
erals. Even those granmites which are apparently normal, and which

1 Methods of quarrying granite in foreign countries have been well describol by IL Lundbohm, of
Sweden, in the artiels on stone in the Report on Minersl Resources for 1893,

IL'_ I_Ildl_'




STONE. ) 447

reveal no traees of stratifieation or parallel arrangement of mica or
horublende, are found by quarrymen and stonecutters to split more
easily and with a smoother surface in one or more directions than in
others. An unequal pressure operating on the mass wonld have
cansed cerfain divections or lines of weakness and account for this, or
it may have produced the apparent rearrangement of the feldspar
erystals, as found in a few of the granites.

In northern New England particularly most of the fissures, as
revealed by quarry openings, arve slightly enrved, parvallel partings
conforming in general to the direction of the slope npon which the
quarry may be located. They produce a sheeted arrangement of the
rock, which bends in ridges or curves in hilltops like anticlinal or
quagquaversal folds of sedimentary strata. Tn addition to these
flivisional planes there occur one or more systems of vertical joints,
the joints of each system running approximately parallel to each
other, though the systems cross at varying angles,

It is interesting to note that the direction of easiest cleavage, called
by quarrymen the “rift,” is parallel to the most numerous natnral
fraetures, and that at right angles to this another direction of cleavage,
called the ¢ grain,” is parallel to the system having the next greatest
namber of joints. When the rift of the rock in place is horizontal, or
more nearly horizontal than perpendicular, it is eustomarily called the
“lift.” The grain, although important, is not generally an eminent
feature, and its direction may remain nnknown even for a long time
after the quarry is opened. These systems of fracture, and the nnequal
ease of splitting in different directions, are points generally well
understood and advantageously used by experienced granite workers,

OPENING THE GUARKY.

Granite quarries are nearly always started in natural outeroppings
of the ledge, but as they are entirely open workings, and necessarily
cover large areas, considerable development work is needed at first
and from time to time, as the quarry is enlarged, in stripping or clear-
ing away the timber and soil and in removing the weathered portions
or eap rock. It sometimes happens, especially in the northeastern
region, that a ledge is found showing sound gramite at the top, ready
for quarrying, having been ground smooth by glacier movement and
left bare of soil; but nsnally long exposed onteroppings have a softer
outer portion, called “sap,” resulting chiefly from the partial decom-
position of the feldspar. This also occurs to a less extent along the
seams and fissures, and where the rock contains iron the sap is stained
by its oxidation to a brownish or reddish celor. The sap may be
merely a thin coating, scarcely discernible, or it may be that the rock
is rendered unsound for 30 feet or more in depth, as is the case with a
certain coarse-grained granite oceurring in the Rocky Mountains,
The observation of snch points in the field will serve as indications of
the probable durability of the stone and the stability of its color.
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BLABTING.

Owing to great diversity in the structure of the rocks classed here
a8 granite, the operations of quarrying necessarily vary considerably,
even in different openings of the same region. The object desired is,
however, the same in all, namely, the removal of large rectangular
blocks with the least outlay of time and labor compatible with keeping
the quarry in good working shape and avoiding waste, Ordinarily, to
break the rock into sizes which can be handled, blasting is necessary.
In doing this the objeet is to direct the force of the powder so that it
may break the rock in the desired direction without shattering either
the piece removed or the standing rock, bat it can be successful only
when it is detached at the ends and bottom and has a chance to move
out in fromt. As the rift in the rock in the majority of quarries
approaches the horizontal the first breaks are obviously made either
with or across the grain, The method most generally used for doing
this is called “lewising,” from the shape of the blast hole. A lewis
hole is made by drilling close together holes about an inch and a half
in diameter and in breaking down the partition between them by
means of a flat steel bar, called a “set.” This wide hole determines
the direction of the required fracture. A “complex ™ lewis hole is the
combination of three ovdinary drill holes; a “compound ” one, of four;
but the Tatter is seldom used, for if a yery long break is to be made a
series of lewis holes iy drilled at considerable distances apart, and
alter being charged are fired simultaneonsly by means of an electrie
battery.

Another process oceasionally used in a few quarries is as follows: A
single round hole having been drilled, the explosive is put in, and on
top of it an inverted iron wedge, placed between two half-rounds, is
carefully lowered; then the tamping is proceeded with in the usual
way. When the powder is exploded, the wedge, which is driven forci-
bly up between the half-rounds, breaks the rock in a direetion corre-
sponding to its thin end. One of the worst resnlts of this procedure is
that considerable rock near the top of the hole is apt to be huffed or
flaked up. -

Within a few years past, the Knox system of blasting rock has been
introduced and successfully used with general satisfaction in mauy of
the larger quarries. The results obtained are those which were sought
for by lewising, but the process is safer, quicker, takes less powder,
and, as 1t never shatters the rock, not only gives good, sound blocks ag
the produet of the blast, but also leaves the standing rock with a per-
feetly sonnd, clean face for fature operations. A round hole is first
drilled to the regunired depth, and into this is driven a reamer, which
produces V-shaped grooves at opposite sides to the entire depth of the
hole. The charge is then inserted, and the tamping is done in the
usual manner, exeept that instead of driving the tamping down upon
the top of the charge an air space or cushion is reserved between the
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charge of powder and the tamping and as far above the charge as pos-
sible. The explosive has therefore the greatest possible chance for
expansion before actually breaking the rock, the tamping being put
down only to a sufficient depth to insure firmness of position. The
result of this method is that the force of the explosive is directed in the
line of the grooves, and no shattering of the rock oceurs if it be solid,
such &s is common in ordinary blasting operations, and, as a conse-
quence, quarrymen are enabled to get ont stone of rectangular shape
without waste or loss of valuable rock.

Very large blasts or mines are sometimes fired in quarrying granite.
A shaft is sunk to the required depth, and from it drifts are run in
various directions. These ehambers, or drifts, are then charged with
explosives and fired. In 1887, at Granite Bend, Missouri, stone enough
was broken with one blast to supply the demands of a firm for fifty
years. The shaft, which was 85 feet deep, had chambers running in
several directions from the bottom, and was charged with 32,700 pounds
of black powder.

The explosive used for breaking out dimension stone is black blasting
powder, as its action is somewhat slower than that of the various forms
of mitroglycerin, and there is consequently less danger of shattering
the rock or of weakening it by starting incipient fractures, that may
not be detected until 1t is in place in a building; but for breaking np
poor stone, or for getting out rock regardless of size or form, giant
powder is frequently employed.

In a quarry having rather thin sheets and numerous vertieal joints
very good splits may be made with wedges driven between half rounds
(plug and feather) into small holes drilled a few inches apart along a
preseribed line, every few feet a deeper hole of a somewhat larger
dimension being drilied to gnide the fracture; but this process is chiefly
used for snldividing the blocks after they have been loosened by
powder and for initial splits in quarries where the drift is vertical.

Drills driven either by steam or compressed air arein use for making
blast holes in all the prineipal quarries. The drill is connected with
the piston, which is sapported by a portable iron tripod, carrying the
necessary appliances for regulating its movements. A flexible pipe
conveys the motive power in the form of eompressed air or steam.

In smaller quarries these holes are drilled by the * jumper” drill, a
long, flat-edged steel bar, which a man holds and turns as it rebounds
slightly after each of the swinging blows dealt it by heavy sledges,

Steam channeling machines, common in large marble and sandstone
quarries, are used on granite by a few guarriers ehiefly for making end
cuts in stone of exceptional structure, but only to a limited extent,
since fhe great hardness of granite renders the process very slow and
expensive.

The large blocks loosened by blasting are broken and split mto sizes
of the required approximate dimensions by the plug and feather method.

16 gEoL, PT 4——=20
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The holes, which are of small dimmeter, generally not more than three-
fourths of an ineh, and a few inches only in depth, are made by a drill
and hand hammer, Iuto each hole is inserted two halfrounds or
“feathers,” tapering pieces of irou, tlat on one side and rounded on the
other, between which is placed a steel plug or wedge., The wedges are
then driven in with a sledge till the strain is sufficient to split the roclk.

METHODS OF CUYTING, POLISHING, AND ORNAMENTING GRANITE,

Only a amall percentage of granite in rough bloeks as it leaves the
quarry proper is available for use in this form. Most of it has to be
cent to the desired dimensions and brought to the degree of finish
required for fthe special pnrposes for which it is to be used. Very
large blocks and stone designed for uses not requiring fine finish are
often worked in the open air, but most quarries have culling sheds
erected near the openings, in which the blocks are worked into their
intended form. These sheds vary from merely a rough covering of
boards to extensive buildings.

To produce good results great skill is needed by the stoneeutter
in the manipulation of his tools, and considerable artistic ability is
required for the finer kinds of work. From the rough work of simply
aplitting a bloek or rudely spalling an ashlar face to the artistic work-
ing of highly embellizshed and eomplicated statnary earving, a knowl-
edge of the rift and grain is important, as il indicates where heavy
blows may be strock and where lighter ones are required.

Owing to the great obduracy of this stone, and the fact that the
different winerals composing it vary greatly in hardness, the chief
work of shaping it is still performed by hand, probably by much the
same process Lthat was used by Egyptian stonecntters more than three
thonsand wvears ago. lmprovements and inventions have, however,
been made from time to time in hand ftools, and éxtensive machinery is
now inuse for produecing certain forms and kinds of finish.

Regent improvements.—1The most important improvements of the last
decade inelude the more extended adoption ol lathes for turning and
polishing columns, urns, ete,, and new devices in power machinery for
plain polishing. Greater economy and speed are now obtained by the
general use of chilled iron globules and crushed steel as abrasive
waterials and of the pnenmatie tool for the ornamentation of surfaces.

Tmplemends for entting.—The implements used by stonecutters to
produce common forms and ordinary finish are as follows:

Okigel—Various forms and siges are emnployed in cutting boder dreafts, moldings, letters, and ornn-
mental work.

Polut.—A piscs of steel bar drawn ont tos prramidal end; wsed for @ roughing ot sarfrees and
removing * bunehes,”

Tand drills, wiedges, and half-rounds,—Used for splitting ont blocks,

Tamd hammer —Uaed In ons hand for driving chisls, potots, and drills; which oes held aod guided
by This niisr.

Spalling hammer — A heavy squarecornercd sledge, used for ronghly veidneing a bloek by breaking
ofl' large ehips or spalls fron the edges, thus bringing it closer to its Intended form,
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Tean hammer.—Shaped like a donble-odzed wedge, with n hundle ronning parallel with the edges:
nsedl to remove irregularitics by striking squarely upon o surtnee and wedging or hroiaing off
small chips.

Bush hammer —Made of rectangular stecl plates hrought to an edge, bolted togetber, und attached to
alomg handle; nsed in the same manner as the pean hpmmer, but produoces a smoother surface,
the degres of amocthness depending upon the number of steal plates in the partionlar hammer
used.  These hammers, which ars all of the same thickness, are culled doent, S.aml, 8-eut, Baul,
Aleemt, and 12.enf, aecording fo the nomber of plates nasd in their eomstraction.

The size, shape, and finish of a stone depend upon the particular
place it is to oeenpy in a building and the style of architeeture. TFronts
or walls are laid up in varions kinds of ranges, usually designated as
conrsed range, broken range, broken ashlar, random range, and rubble
work. The kind of finish given the face of the stone is called either
bush hammered, pean hammered, pointed work, or rock face. These
may or may not have a border draft chiseled aronnd their margins.
Other kinds of finish are chiseled moldings and earved or polished
faces.

The usual process follawed by stonecutters in shaping blocks may be
ceneralized as follows: The block, having been split out to about the
right size by the plug and feather method, is brought to a plane surface
on one side, which is accomplished by knoeking off overhanging edges
and projections with the spalling hammer or spalling tool. Thafts or
ledges are then chiseled along two opposite edges. One draft being
completed, the workman lays upon it & woeoden strip or rule having par-
allel edges, A second vrule is then suuk in the draft made on the oppo-
site side until the two drafts are in the same plane, which is determined
by sighting across the upper e¢dges of therules. The whole faceis then
warked down to this plane with the teols necessary for fhe required
fineness of finish, a straightedge being applied from time to time as the
work progresses. The point is used for removing rougher projections.
T'his is followed by the pean bammer, and, if a smoother surface is
reguired, it is made by bush hammering, the hammer having the fewest
number of plates being nsed first. The required size of the face being
murked ont upon this suarface, the posifion of 4 second fee may be
determined by chiseling drafts across the ends of an adjacent surface,
using for the purpose either a square or a bevel, depending upon the
angle it is desired to make with the first face. The projecting rock
between the drafts having been removed in the manner used in forming
the first surface, a third face may be projected. A winding surface is
formed by using in one draft a role or strip having its edges not par-
allel, the amount of divergence depending upon the amount of warp
required, This rale is sunk till its upper edge is even with the upper
edge of the strip, having parallel edges placed upon the opposite edge
of the stone.

A cylindrical surface is worked by using curved rules in one direc-
tion, and is not as hard a matter as might at firstseem, Muech difficulty
iz, however, enconntered in laying out and working spiral, eonical, and
spherical surfaces, as it is first necessary to form plane and eylindrical
faces on whieh to apply the necessary bevels and templets.



452 MINERAL RESOURCES,

GRANITE FOR BUILDING PURFOSES,

By reference to the table giving the output of granite according to
purposes, it will be seen that more stone was nsed for building than for
any other purpose. A great amount of labor by the stonecutter is nec-
essary to fit it for its destined place, but much of this work consists in
merely squaring up or subdividing the large blocks as hauled from the
quarry opening. Much more work is needed on the stone to be used
for fronts, trimmings, and cerfain portions of superstruetures, while for
special parts, such as polished columns and ornate keystones and capi-
tals, the greatest skill and longest time are required. The general
processes of finer finish will, however, be mentioned further on in con-
nection with cemetery, monumental, and decorative purposes, although
all stone designed for superstructures, whether rongh or finely wronght,
has been tabulated nnder the heading ¢ Building purposes.”

GRANITE FOR STREET WORK.
PAVING BLOUOKS,

BExperience has demonstrated that the best and most enduring streets
for heavy traffic in large cities are those paved with stone blocks of
proper material and size laid npon a specially prepared bed. The very
hard and tough rocks frequently used, though capable of withstanding
a maximum amount of wear, soon become smooth and glazed under
traffic, and are therefore inferior to a stone which, wearing ronghly,
affords a better foothold for horses., Many of the granitic rocks pos-
sess the right degree of hardness and brittleness, and are largely nsed
for this purpose. This industry hag increased largely since 1880, the
number of granite blocks made in 1880 in the various States aggregat-
ing nearly 62,000,000,

Streets paved with the large-sized block used at first were found to
be more difficult to keep in repair, worse for horses, and rongher on
vehlicles than pavements made of the smaller blocks now in general
use. There is no uniform standard of size, as speecifications of the
various cities call for different sizes, but the variations are not great,
and blocks 33 to 44 inches wide, 6 to 7 inches deep, and 8 to 12 inches
long are generally preferred. In New York City, Brooklyn, and Phila-
delphia blocks a trifle longer are more commonly used, while in many
of the Western and Southern citics the length does not exceed 10
inches. . New Orleans, owing to the peculiar nature of its strests, takes
blocks much larger,

The manutacture of paving blocks, thongh an important adjunet of
the granite business, varies nevertheless for obvious reasons in many
of its details from the ordinary methods of granite eatting. The high
skill and fine workmanship of the stone mason are not needed, but a
quickness in seeing and taking advantage of the directions of cleavage,
as well as a deftness in handling the necessary tools, is requisite.
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Specifications eall for bloeks so quarried or dressed as to present
substantially rectangular faces with practically straight edges. The
corresponding dimensions of opposite faces must not vary more than
one-half inch, and the surface must be free from bunches, depressions,
and inequalities exceeding one-half inch.

The tools used for making blocks are knapping hammers, opening
hammers, hand hammers, reels, chisels, and, for initial splits, deills,
wedges, and half-rounds. When the block maker quarries his own
stock it is ealled “*motion work,” and the same process is used as in
quarrying stoune for other purposes, except that, as large bloeks are not
required, most of it ¢can be done with plug and feather,

Slabs, having been split ont in the usual manner to sizes that may
be easily turned over and handled by one man, are subdivided iuto
pieces corresponding approximately to the dimensions of the required
blocks. This is done by striking repeated blows npon the rock along
the line of the desired break with heavy knapping and opening hain-
mers, When a break is to be made crosswise the grain, it is frequently
necessary to chisel a light groove across one face, and commonly aeross
the adjacent sides, to guide the fracture produced by striking on the
opposite surface with the opening hammer. Good splits can, howeyer,
be made along either the rift or grain by the skillful use of the opening
hammer alone. Blocks broken out in the manper described are trimmed
and finished with the reel, which is a hand hammer having a long, flat,
steel head attached to a short handle, Bloek breakers become very
expert in the nse of this instrument, and, without making any measare-
ments, turn out in a snrprisingly short time a large number of blocks,
Tn Maine, whieh is far ahead of any other State in the number of blocks
made, the entire prodnct of many quarries is used for this exclusive
purpose. This is alse the case in California, which comes sccond, though
the blocks are manufactured chiefly from the surface “bowlders” or
detached masses of basalt so common in Sonoma County. Other guar-
ries, however, in various parts of the conntry utilize only the “grout,”
small or irregular shaped pieces, for making paving blocks, and haul
the stock to the breakers, who work in sheds: but the greatest number
of blocks are made on the spot where the rock is gquarried, the workmen
being protected during the hottest months by a temporarily spread
canvas fly.

Blocks are counted as they are thrown into the cart, which is usually
needed to haul them to the shipping point. Several paving-block
quarries in Maine are sitnated on steep monntain slopes so near water
communication that blocks may be slid in long board chuotes from the
gquarry directly into the hold of the vessel used for their transportation.

Paving breakers seldom work by the day, but are paid a certain sum
per thousand for making the blocks, the price paid in 1889 ranging from
§22 to #30, according to the size of block made, kind of stoue used,
locality, and whether the tools were furnished and the blocks quarried
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by their employers. Workmen using their own tools are commonly
paid #1 more per thousand for the blocks made, and when they quarry
the stock they use, from #2 to 85 per thousand is allowed in addition.

CURBING AND BASIN HEADS,

Next in importance to the manufacture of paving blocks, in the
division of granite for street work, is the produetion of long granite
slabs for eurbstone. Granite having a free rift is preferred for this
purpose on account of its better working qualities. The dimensions of
ordinary curbstones are from 6 to 12 feet long, 6 to 8 inches thick, and
about 2 feet deep. The top edge is made full and square and neatly
bush hammered; the face is also bush hammered down about a foot
from the top. The ends are dressed smooth, so as to make close joints,
and the back of the stone, which is placed next to the sidewallk, is also
dressed a few inches from the top.

OTHER USES.

Other applieations of granife to streef work are for flagstone, for
cross walks laid at the intersection of streets, and for gutter stone, but
these are dressed, when required, in the usual manner, and need no
special comment here.

Granite is largely used for making macadam and telford roads and
concrete and artificial stone pavements, though it is seldom guarried
expressly for this purpose, but made of spalls, grout, and waste from
other gnarries. The pieces are broken with sledges where coarse
stones are needed, or ron through power rock breakers when a tiner
subdivision is required.

GRANITE FOR CEMETERY, MONUMENTAL, AND DECORATIVE
PURPOSES.

A considerable portion of the stone for these uses, especially forsmall-
sized monuments, tombstones, and grave markers, is shipped from the
quarries in rough bloeks, which are snitably shaped and finished by
masons working in town shops or stone yards. Large monuments and
large polished blocks for buildings, eolnmns, pilasters, and statnary
are generally worked at quarry sheds, polishing mills, or shops not
far distant.

There has been a decided increase in the nse of polished granite for
cemetery purposes sinee the introduction of machinery for its polishing,
which has greatly decreased the price for this kind of finish. For these,
as well as for all purposes where a polighed surface is desirved, as bot-
tom courses in bunildings, columns, pilasters, wainscoting, ete,, the
red. pink, dark-gray, and black varieties are in high faver, since they
have a richer look and present a much greater confrast between a ham-
mered or chiseled surface and a polished one; but for granite statuary
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and ornately carved building blocks, and for all purposes where it is
desirable to present fine detail, it is necessary that the granite be of a
light eolor, fine grained, and easily worked to secure the best resunlts.

POLISHED GRANITE.

The varieties of granite susceptible of the highest and most enduring
polish ave those containing the largest percentages of the hard min-
erals, quartz and feldspar, quartz being especially important, Horn-
blende, however, takes a fairly good polish, and contributes largely to
the coloring of most dark granites. Pyroxene of ihe type ocenrring
in the (uincy granites is rather bad, sinee, owing to its britfleness, it
cracks out more or less and leaves small pits in the finished face.
Muael miea, especially in large plates, is objectionable, as it will not
polish, but remains dull and lusterless except where the divection of its
cleavage planes happen to coineide with the face of the stone.

After being prepared by bush hammering, the bloek is transported
to the shop or mill to receive farther smoothing and its final finish.
The surface to be worked upon is bronght to a horizontal position and
ground smooth with an abrasive material mixed with water and moved
about by a revolving iron or steel disk perforated with holes or made
of concentric rings. This disk, which is 12 or 14 inches across, is
revolved by an upright shalt, to the bottom of which it is fastened, and
the power is communicated through a main shaft ranning overhead.
Joints in the upright or connter shaft and its peenliar attachment to
the main shaft allow its lower ¢nd to be swungover a considerable arvea,
thus permitting the workman who guides it Lo move it over a surface
of stone many times larger than the disk itself.

The abrasive material now almost exclusively used for grinding
granite is either chilled-iron globules, steel emery. or erushed steel.
A coarse grade isused at first, then a finer kind, and for the last grind-
ing fine emery is often uged. Polishing i8 done in much the same way
as grinding, except that a felt-covered disk is used in place of an iron
one, and putty powder mixed with a little water, instead of coarser
grinding materials. Before the final polish, however, the surface is
usually given a dull gloss or “skin coat” by the disk and water alone.
A polish is sometimes produced by the use of oxalie acid instead of
putty powder, but the polish thus made is less durable. Moldings are
gronnd and polished by means of blocks fitting the grooves dragged
back and forth either by power or hand.

Grauite for columuns, balusters, round posts, and urns is now worked
chiefly in lathes, which, for the heaviest work, are made large enough
to handle bloeks 25 feet long and 5 feet in diameter. Instead of being
turned to the desired size by sharp eutting instruments, as in ordinary
machines for turning wood and metal, granite is tnrned or ground
away by the wedge-like action of rather thick steel disks, rotated by
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the pressure of the stone as it slowly turns in the lathe. The disks,
which are 6 to 8 inches in diameter, are set at guite an angle to the
stone, and move with an automatic carriage along the lathe bed. Large
lathes have four disks, two on each side, and a column may be reduced
some 2 inches in dismeter the whole length of the stone by one lateral
movement of the carriages along the bed. The first lathes for turning
granite ent only eylindrical or eonieal eolumns, but an improved form
is so made that templets or patterns may be inserted to gnide the car-
riages, and columns having any desired swell may be as readily turned.
For fine grinding and polishing the granite is transferred to another
lathe, where the only machinery used is to produce a simple turning or
revolution of the stone against iron blocks earrying the necessary grind-
ing or polishing materials.

Blocks are prepared for lathe work by being ronghed out with a point,
and by having holes chiseled in their squared ends for the reception of
the lathe dog and centers. This principal of cutting granite by means
of disks revolved by contact with the stone has been also applied to
the dressing of plain surfaces, the stone worked upon being mounted
upon a traveling carriage and made to pass under a series of disks
mounted in a stationary upright frame.

Tracery and lettering for polished granite are usually first drawn
upon paper which is firmly pasted to the surface and the design chiseled
through to the requisite depth in the rock.

CARVED GRANITE.

Statues, capitals, keystones, and, in general, all highly ornamental
designs, are worked out with chisels from detail drawings or plaster
casts. It is necessarily a slow process, owing to the hardness of the
rock, and the cost of such work is consequently great. The MacOoy
poneamatie tool, however, which has been recently patented and sue-
cessfnlly applied to this purpose, gives promise of superseding much
of the tediousness of the hand process. This instrument ig conneeted
to a flexible pipe, supplying the compressed air or steam by which it is
driven, and works at a remarkably high rate of speed. It may be
moved to any part of a surface, and works with a celerity unapproached
by other means.

The use of granite for sculpture iz steadily increasing, particularly
for outdoor statuary. The white fine-grained muscovite-biotite granite
found at Hallowell, Manchester, and Augusta, in Maine, is particularly
well adapted for this purpose. Statues made of the Hallowell granite
are to be found in nearly every Btate, though possibly the stone is
not superior to varieties found in other localities,
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VALUE OF THE GRANITE PRODUCT, BY STATES.

The following table shows the value of the granite produet, by
States, for the year 1894:

Value of gramite product in 1594, by States.

:

| States.
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The foregoing table shows a gain of 1,220,222 in the value of the
product as compared with that of 1893. This gain was made in the fol-
lowing States, named in alphabetical order: Georgia, Maine, Maryland,
Massachusetts, New Hampshire, Pennsylvania, Rhode Island, Vermont,
Virginia, and Wiseonsin, By far the most of the gain was made in
Rhode Island alone, this State showing an advance of §701,040. It is
thus apparent that for most of the States there has been a falling off
in the total ontput. As was true tor 1893, the financial depression is
aceountable for this state of affairs,

VALUE OF GRANITE PAVING BLOCKS MADE IN 1894, BY STATES.

In a number of the New England States there was an increased
tendency toward {he manufacture of paving blocks rather than the pro-
duetion of stone for building or other purposes, The following table
shows the value of the granite paving-block industry in the various
productive States:

FValue of granite paving blovics made tn 15854, by States.
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The following table gives the value of the granite ontput, by States,
for the years 1890 to 1594:

Fetlwe of gramile, by States, [from 1800 v 1804,

States. 188k 18#1. a3 B, | 18 |
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& Caramite valood wt8705,000 was produeed in Arkansas, Montans, Nevada, and Weshington rogether,
anid this wmount ls included in the total.

GRANITE INDUSTRY IN THE VARIOUS STATES.

Arransas—The valne of the product in 1894 amonnted to $25,100,
while in 1893 very little, if anything, was accomplished in granite
quarrying. The entire output comes from Pulaski Connty. Tndica-
tions for 1395 are encouraging.

California.—The granite industry in this State for the last few yoars,
but particularly for 1893 and 1594, has been at a low ebb. The valne
of the product for 1804 iz §307,000, but included in rhis fignre i8 un
estimate as to the value of the outpnt from the State prison quarries,
whieh forms an important item of the total. Placer County is eredited
with an output valued at £103,443, Sonoma County %34,568, San
Bernardino County $30.450, while smaller amonunts were taken fromn
quarries in Tulave, Sacramento, Madera, Fresno, Holano, Alameda.
Riverside, and Marin counties, Almost every communication received
from producersin this State emphatically reveals deeline in the indnstry.
dne, if is believed, entively to the financial depression.  Many quirries
discontinued work entirely, while others shut down for a part of the
yvear or worked with reduced force of men. -

Cotorado—The ontpnt for 15894 is valned at $49,302, Most of the
stoue was taken from guarries in Jefferson County, while smaller amounts
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came from Douglas, Gunnison, and Clear Oreek connties. A little work
was done in Chaffee, Larimer, and Boulder counties. A number of
qnarries discontinued operations entirely.

Tonnectient.—The produet for 18304 was valued at $504,390, while the
corresponding figure for 1803 was 652,459, A decrease in prodnet is
evident. The general toneof replies from quarrymen indicates a falling
off as compared with the preceding year. The productive connties in
order of magnitude of output are New Haven, New London, Fairfield,
Windham, Middlesex, Hartford, and Litchfield. The first two counties
produced most of the entive output. Judging from a number of impor-
tant contraets that have been awarded to Connectient prodncers, 1595
will make a much better showing than the past year.

Delaware.—The value of the ontpnt in 1804, £173.805, is below that
of 1303, All of the productive quarries are in Newecastle County.

(ieorgia.— As will be seen from the report on “ marble,” this State has
very materially advanced in its marble output. The same can be said
of the granite produet, which has inereased from #476,387 in 1893, to
&511,804 in 1804, Of this amount $225,010 is the valne of paving
blocks., There is every reason to believe that with a revival in business
there will be n still greater inerease in the granite indostry in this
State. By far the most of the ontput comes from Dekalb Couunty, in
which are the important produecing centers, Lithonia and Stone Moun-
tain. Other productive eounties are Haneock, Henry, Bibb, Elbert,
Spalding, Rockdale, Jones, Oglethorpe, and Newton., The last seven
of these connties produce very little as compared with the others.

Muine.—This ‘State stands second among the granite-producing
States in the value of its output. This has inereased from $1,274,954
in 1893 to 81,551,046 in 1894, While the manufacture of paving blocks
for use in the largest cities along the  Atlantic coast has always been
an important feature of the granite indostry in Maine, it has become
somewhat more so during the pust year. In the censns year 1880, the
valne of the paving-block product was 37 per cent of the whole, butin
the year jusl past it was 45.8 per cent. The most productive connties
are Hamcock, Knox, Franklin, Waldo, Washington, Kennebee, and
York; smaller amounts are quarried in Lincoln, Somerset, Penobscot,
Androseoggin, and Oxford. Many small gnarries have been tempora-
rily abandoned, while others have been sold ouf to larger concerns.
An improvement in the industry in this State is looked for during 1895,

Maryland.—The output in this State inereased from a value of
#2060,855 in 1803 to 308,966 in 1894, The worst parf of the year was
the first half, after which, in the case of a number of concerus, busi-
ness improved somewhat and became even better than the latter pars
of 1893, Indications are quite decided toward improvement in 1895,

Massachusetts—This State seems to have prospered exceptionally
well during 1594, considering the hard times. The value of the ontput
increased from $1,631,204 in 1893 to $1,994.830 in 1894, and the State



460 MINERAL RESOURCES.

maintains first position among the granite-producing States of the
country. Many complaints of financial depression are to be heard, of
course, and in fimes of prosperity the output would have been much
larger. Lower prices than in 1893 have been generally prevalent. The
most productive connties in order of importance are Bssex, Worcester,
Norfolk, Middlesex. Bristol, and Hampden; small quantities were pro-
duced in Franklin and Hampshire counties,

As is true of other New England States, more attention than usual
was devoted to the produetion of paving blocks, for which the demand
was good, but lower prices prevailed than were received in 1803,

Minnesota.—The value of the output in 1894 was $133,936; the cor-
responding figure for 1593 was £270,206, The decrease is aceounted
for in the usnal manner—hard times, resulting in the shutting down of
operations entirely or operating with reduced force. The output comes
from the following connties: Bigstone, Stearns, Sherburne, ’ipestone,
Rocek, and Nicollet.

Missouri.—A falling off from #388.803 to $03,757 in 1894 marks the
granite industry in this State. A few prominent concerns practically
suspended operations, and their comparative inactivity accounts for
the decrease. Indications for 1895 are much better. The productive
counties of this State are Iron, Wayne, 8t. Francois, and Madison,

Montana.—Very little in the way of granite quarrying has ever been
done in this State. A little quarrying was done in Lewis and Olarke
County.

New Hampshive.—In this State a decided gain in ontpnt was made,
uamely, from $442,424 in 1893 to $724,702. A nnmber of quite impor-
tant contracts have been fulfilled during the year. Among most of the
producers there is econsiderable complaint of dull trade, but in spite of
the financial depression, business seems to have been markedly better
on the whole than in 1893. The most productive connties are Carroll,
Cheshirve, Hillsboro, Merrimack, and Strafford; smaller amonnts were
taken from quarries in Grafton, Sullivan, and Rockingham counties.
Quite a number of new firms have commenced business during the
year. The cutlook for 1895 is much better,

New Jersoy—Quarrying in New Jersey seems to have suffered from
the prevailing business depression. The product fell off in value from
F3T3,147 in 1893 to &310,965 in 1894, Considerable of the product is
veally trap rock, which, for reasons already given, is included with
granite. Indications for 1895 are promising. The produetive counties
are Bomerset, Hudson, Bssex, Sussex, Pagsaic, Mercer, and Hunterdon,
Bmall amounts were gquarried also in Union and Morris counties,

New York—This State has never yielded wvery large quantities of
granite, although good stone is to be found there. The product of 1803
was valued at #151,449, while that of 18394 amounted to $140.618. The
produoctive counties are Essex, Richmond, Orange, and Westehester.,
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North Carolina.—Although the value of the granite produet in this
State declined from 122,707 in 1893 to $108,993 in 1394, considering
the comparative newness of the industry in the State its condition may
be regarded as very satisfactory in view of the hard times. The pro-
ductive counties were Gaston, Iredell, Rowan, Surry, and Wake.

Oregon.—Small quantities of granite were produced in Clackamas,
Columbia, and Multnomah counties,

Pennsylvania.—A more thorough canvass of the granite producers in
this State is in part acconntable for the large reported increase from
$206,493 in 1893 to £600,000 in 1894, The value of the stone devoted
to paving purposes in 1894 amounted to $258,777, or nearly one-half of
the total. Although there is no exceptionally fine granite in the State,
there is an abundance of stone that serves ordinary uses very well, and
it is steadily produced. The productive counties are Bucks, Ohester,
Allegheny, Delaware, Montgomery, Somerset, Adams, and Northampton.

Rhode Island.—The increase in the output of granite in Rhode Island
over the preceding year, 1893, is nothing less than phenomenal. In
1889, the census year, the output was valued at 2931,216; in 1893 at
§509,799; and in 1804, at £1,211,439. A number of quite serious strikes
have oceurred among the Rhode Island guarries and works within the
last three years, and it may be that contracts have been delayed on
that aceconnt until the past year. In spite of the prosperity which
appears to prevail, complaints of financial depressgion are to be heard
in Rhode Island as in all other States. The smaller producers have
been particularly affected and in some cases have had to shut down
their operations, The bulk of the business is now in the hands of a
small number of concerns,

The granite quarries and works located at Westerly, Washington
County, have long been celebrated for the very fine ornamental stock
produced. Most elaborately ornamented monuments and statues are
turned out in great number. The plants for finishing and polishing
are exceedingly well equipped, all the latest improvements in quarry
tools being freely used. The stone is partienlarly well adapted for
suecessful ornamentation and fine finish, and this aceounts largely for
the prominence of this branch of the granite industry in the State. In
fine carving a pnenmatic tool, striking exceedingly rapid blows and
operated by heavy air pressure, is becoming popular among grauite
cntters. The rapidity with which fine work can be executed is very
much inereased by the use of this fool. Its value in eonneetion with
granite as well ag with ornamental marble has alreacdy been satisfac-
torily demonstrated.

Rhode Island stands first among the States of the Union for its
output of ornamental and monumental stock.

South Carolina.—The financial stringency made itself felt in South
Qarolina to the extent of reducing the output from a valuation of $95,443
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in 1893 to 845,809 in 1804, The productive counties are Fairfield, Edge-
field, and Richland. .

Vermont.—In spite of dullness in business generally, the value of the
ontput in Vermont has increased to the extent shown by the values
178,400 for 1893 and %893,956 for 1884, The productive counties are
Washington, Windbam, Orange, and Oaledonia; small amounts have
been quarried also in Ohittenden, Orleans, and Windsor connties.

Among the most important developmerits of the last decade are those
which have been made at Barrve. At this point there is an enormous
supply of granite of the finest gnality, such that the product is well
adapted not only to all the ordinary nses to which granite is put, but
also for the finest kinds of monumental and decorative work, to which
it is quite largely applied. The methods of quarrying are modern. In
one of the guarries in this loeality the Knox system of blasting is in
very snecessfunl nse.  'The application of this recent method of blasting
granite is quite limited, and is not received with favor by a great many
of the large producers of granite in this and other States.  The objections
to the system as applied to granite are probably, however, due mora to
the results of single, and in some cases unsuceessful, experiments than
to long-continned and fair trials of it.

Virgiwie.—The ontput in Virginia in 1884 amonnted in value to
£123,361, while in 1803 the corresponding fignre was $103,703. There
has thus been a gain which thongh not large is very satisfactory when
the falling off in many other States is considered. The productive
connfies are Chesterfield, Amherst, Henrico, Alexandria, Campbell,
and Dinwiddie,

A unmber of the quarries in the vicinity of Richmond have been
operated snccessfully for a number of years. The plants are compara-
tively well equipped, and while operations might be conducted upon a
considerably larger scale they may be said to be prosperons. The
stone from most of these quarries is of good quality and is generally
well received.

Wisconsin.—The value of the granite output in 1893 amounted to
133,220, while in the year 1804 it reached ®166,098. The output
comes from Green Lake, Marinette, and Marquette counties., The
granite industry in this State is comparatively new. but it bids fair to
increase steadily under normal financial conditions.

THE MARBLE INDUSTRY.

Stone of one kind or another, suitable for building or other industrial
use, is most abundantly distributed thronghont the United States. One
is apt therefore to look upon the operations of quarrying as practicable
in almost any loeality, and eonsequently to regard the industry of stone
production as practically universal, This view is not far from correct
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when only the coarser kinds of' stone are considerad. Marble, however,
is found in comparatively few loealitics, since only here and there have
the metamorphosing influences of heat and pressure transformed the
widely distributed limestone depositsinto marble.  Quarrying operations
i the case of marble are still further restricted by the fact that by no
means all marble is of sofficiently good quality to justify its production
lor the purposes to which marble as an ornamental product is applied.
Marble must fulfill certain definite conditions as to strength, color, erys-
talline condition, freedom from flaws, ele., and, farthermore, must he
fawly easy of access, before guarrying operations can be undertaken
with a fair prospect of financial snccess.

Notonly are marble and limestone very difterent in physical structure
und purity, but the nses to whieh they are put are strongly contrasted,
so that, even though closely related from the ehemical standpoint, in
that they are both carbonates of caleinm or of ¢aleinm and magnesium
together, they have in a commercial sense almost nothing in common,
except in 5o far as waste marble replaces ordinary limestone for sneh
nses as burning into lime; road ballast, or blast-furnace flux. 1In this
report, therefore, ordinary limestone and marble areseparately considered
in so far as the uses to which they are applied arve radically different,

VALUE OF THE MARBLE PRODUCT, BY STATES.

The following table shows the value of the marble output, by States,
for the year 1894, TInspection of this table shows that only a small
number of States prodnee marhle, while from the report on limestone
it is evident that a large number of our States yield ordinary limestone
in abundanece:

Falue uf marile production, by Stabes, for the year 1894,

Bt | Valoe. | Htates. Value;

Califormia . B3, 420 || Pennayivania . $00, 000

| Georgin . T34, 335 Teniessen 291, 768

| Xdaho -..;: 00l || Vermonst - i 1, 500, 360
Mauryland - 175, ()0 P
New York.... il R3S L7 e P I TR T8

From the foregoing table it appears that the product tfrom Vermont,
valued at $1.500,3949, amonnts to 47.6 per cent of the total. In the
census year 1839, Vermont produnced 62 per cent of the total, Large
gains in production have been made dnving the past year in Georgia
and New York. The total product in 1893 was valued at $2,411,002,
so that for the marble industry as @ whole there has been a gain of
F758,493 in value of output for the entire country.
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The following table shows the value, by States. of the marble pro-
dueed doring the years 1890 to 1894, inelusive:

Falwe of marble, by States, from 1880 to 1554,

|
Stutes. 1EM. 1801, | 1802, LA 186
ORI - e 57, D40 awu.uwl 115, B0 $10, 000 £19, 420
| Georpinsoicoin. S 166,950 | 295,000 | 280, 000 261, 660 T4, 385
Idabo .. e s e e v t,ml :1‘,ooo|
| Maryland ... ... | 104, 000 105, 000 130,000 | 175, 000 |
Moaaspohugeths o e e e s b 109,000 | T
New York -.....o.. |7 80, 00 380, 000 208,02 | 60), 535
Peunsylivania b n e AT 45, 000 0, (00 27, DG 50, (00
Tenneasee . 410, 467 400, 000 G0, (G0 150, 000 231, 706
Vermont - . 2180, BO0 | 2200,000 | A 275000 1 621,000 | 1 500, 500,
| Soattering. 191, 850 100 (10 B0 |, ve convimiaa) s pomiats
Tokal..oooooiiiiiiiiniii| B.488,170 | 30610.000 | 3,705 000 2,410,080 | 3, 190, 785 |
I | L, g i |

MARBLE INDUSTRY IN THE VARIOUS STATES.

The following is a consideration of the marble industry in the indi-
vidual productive States:

California.—Although the ontput in this State inereased in value
from $10,000 in 1893 to $13,420 in 1894, the marble branch of the stone
industry is not at present in a flourishing state, and owing to the
depressed finaneial condition, operations Lave been much enrtailed, Tt
is believed, however, that with general improvement in business will
eome a prosperons revival of the quarrying operations throughout the
State. The counties which at one time or another have produced
marble are San Bernardino, Amador, Inyo, and San Luis Obispo, Most
of’ the output has come from the first-named county.

Georgia.—The advances made in marble quarrying in Georgia during
the past year are very remarkable, The value of the ontput in 1893
was 8261,666, and in 1804, $724,385. The entire ontput came from
Pickens County.

According to Bulletin No. 1 of the Geological Survey of Georgia,
nuder direction of Mr, W, 8, Yeates, entitled “A Preliminary Report
on the Marbles of Georgia,” by 5. W, MceCallie, assistant geologist, the
quarrying of marble in this State dates back to 1840, when operations
on a very small seale were undertaken near Tate. Very little was
accomplished, however, until the organization of the Georgia Marble
Company in 1884, with a capital of $1,500,000. There are now four
flourishing firms in Pickens Connty, while another, operating in Cher-
okee County, will begin in 1895,

The marbles of Georgia follow a general line running in a northerly
direction from Fannin County on the north, through Gilmer and Pick-
ens connties, to Cherokee County on the south. ¢ The Marietta and
North Georgia Railroad runs parallel to the marble belt thronghont its
entire length, and at no point is the outeropping located more than 2
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or 3 miles from this road.” All the quarries at present operaling are
near the town of Tate, Pickens County.

The product of the gquarries operated by the Georgia Marble Com-
pany varies somewhat in color. The Kennesaw quarry yields a limited
quantity of white marble. the erystals of which are large and glisten-
ing, but very compactly united; and in addition there is a white mar-
ble elouded with light spots and lines of blue. The Cherokee quarry
produces white and blunish-gray stock, both clouded with dark-blue
spots. From the Creole guarries o marble having a white gronnd and
exceedingly dark-blue mottlings is taken. This is used for monu-
mental work and exterior decoration. A great variety of different
shades of marble is fo be found in the Etowal quarry, the principal
colors being pink, salmon, rose, and dark green, These, with their
combinations, produce very rich effects amd are sunitable for work in
which high color andrichuess are desived. 1t finds its chief application
in wainscoting, mantels, table tops, connters, panels, ete.

The following analysis was made by Mr. John €., Jackson, of Chicago:

Analysis of Georgia marble,

Caloinm earhonmte. . 07. 32
Magnesinu carbonate 1. fior
BN, .. covn o - 5 a2
Tron prodoside. .. issaamiiiai Gl 26
AT e vsaas . 20|
R s e e e oA 100, 05

The tollowing tests by compression of the strength of three enbes
of Georgia marble, made in 1836 by Capt. Marcus W, Lyon, United
States Army, with the testing machine at, Watertown Arsenal, Mass,,
serve to indicate the great crushing strength of this marble:

Meclhanieal tests of feorgia marbie.

Dimensions, | Ultimate strength,
Teat | Seelivnal Pounds
Nn. Marks. Helght Compressed | aren. | Total per
by Hurfaen, poumils. | sjumrs
| | ineh. |
| Seq. ineh.

o 6 @' o0 36,00 | 305, 800 | 10, 976
603 600 — 599 46.94 | 434,100 | 12,078
L G — a0l M6.12 | 38, 400 | 10 642

The structure of the marbles from the various quarries is essentinlly
the same, the difference being in color only. The nonabsorbent prop-
erties are indicated by the following experiments made by Prof. J. I3,
Johuson, of St. Lonis, Mo.:

A 3-inch enbe was soaked in water twenty-four hours and weighed. 1t was then
dricd over a stesm coil at o tomperature of abont 2157 F. for twenty-four hours and

16 GEOL, PT 4—30
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again weighed. The difference in the weight divided by the weight wher dm'

that it had absorbed water to an amount expressed by six-hundredths of 1 per
The nonabsorbeut qualities thus revealed enable the stone to withstand disinte-
ration,

The following data are taken from the bulletin of the Georgia
Geologival Sarvey, already referred to:

Crughing tests of Georgin marble.(a)

i | ' bl conn. | Bolmond to
- pressed  Poal- %:ﬂl". qtm:;%: ;- '.:‘;-m Speeitio “:-ﬁbiu
e que. B, B e SRR PRSI S PR
14, Al . EHT cubos®,
| pomnds | onnds, iba.lnpsi..ng.
10, 000 10,204
dll, 400 1,
dver | loere
019,000 | 13,800
eimioo | 10
13, 200 13, 200
18, 200 13, 200
000 244
12900 %_m
11, 300 11,414
10,900 | 10m
10,800 11,020

rThe survey s noder obligations o Prof. Chirles Pevris of (he enginvering department of the
University of Tennesser, for valuable ail rondered in making the orushing and shsorption tests.

BGen. (. A, Gillmer, 1n his report on the nmmmvaMhofhnWahmanfm Un!bed
Siates, Appendix TT, Aanual Bnponor thy Chiel of Enxllumnfor 1875, d i
for converting the shing ¢ of different, into poeh other. 1n mplyh;m farmula for
Jsmil % ineli cubes, it is found that the erushi i welght of the smaller oube should b incrensed by
approximutaly one-fifLl ol itsell in order to mmmmlyit&amnh of the two enles,

eCracked o edgo batore hursting.

d Buret saddenly.

#Tarat with explosion.

The following artificial weathering fests wore made on nmpolished cubes of Nos.
1, 3, and 6 aud a pelished enbe of No. 1. They were suspended for several days in an
at.mmphm of hyﬂmhlor!c. snlphurous, aml earbonie acids:

Artificial weathering tests made on polished and wnpolished Geovgia marbie.

O Final .
woight, | weight, | =%

45, OBES L T L 11
s_s.ﬁ 45, 778 . Liign

il dd. 10 1A%
42, Liew 41, 0940 1426

1t is noticeabls that the unpolished eube of No. 1 was dissolved with considerable
more readiness than the polisherd.
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Chemioal analyses of' (roorgin marble,

| Magne- Ferrie ox-| Inanlahlo [
Marbles, Calolum |, oy,

. Faosa on |
alum fde nnd | siliceons | Total.
oxide. oxide. | aluming, | mattor Agnitidn, |
L Per aeint. | Par oerit. | Par dent. | Per cant. | Par cent.
Las o Ly | o {1 2,12 42 B0 | 100, 4
% | .47 i 78 46, B8 iy TH
b3 1.18 .15 Pl 70 A O N B (M
4 21 80 L2 .10 47,26 | 100, 43
B 21,06 LB T 40 1im), 0
{3 .78 it 3 143 4313 | 100. 23
w7 67 101 42 76| 4549 | 100,35
B. o AR | "2 | 1,43 Al B5 100; 1
. B A iz R 2176 I7. 08 | 1040, 58
1 42 1086 | .81 i,% {n) Enj
o L. ET 16, 64 JTd {a} a)

a Vndotermingl.

No. 1. A coaracky cryal;lllne white murhle, from the Cheroked quurry (Georzin Marble Company),
Pickens Connty. .

No. 2. A white ino-gruined murble from ). P. Harrison's quarry, 2 miles east of Jasper,

Wo. 9. A coarse-grained black and white mortiod marble, “Creole,” of the Grorgla quarries.

No. 4. A finegrained gray marble, from the Dickey property.

No. 5. A lne-grained bluish-gray marble, from the Tolt property.

Nao. 6. A conrse-grainod flesh-colored marble, * Ewwahb, " of the Georgin guorries.

No. 7. A conrse-grained gray marble, from the Estnger farm,

No. 8 A ounrse-grained brown marble, feoo the Hasking fuem.

No. 9. A fine-grained Hght.reay marble, from the White property.

No. 10, A fne-grained black marble. from Six Mile Station.

No, 11, A foe-genined white marble, from Fannin County.

Maryland.—The value of the marble ontput in this State in 1894 was
B175,000; in 1893, 130,000, The industry in Maryland is limited to a
number of peints near Baltimore on the line of the Norfhern Central
Railroad and all in Baltimore County, The industry has been estab-
lished for many years and is in a prosperous condition,

The produnct is used to some extent for cemetery work, and also
largely for building purposes, particularly in Baltimore, where it enters
into the construction of a number of the finest structures. [t has also
been nsed in Philadelphin and in the extension of the National Capitol.
The Beaver Dam Marble Company is the most important firm, and has
a well-equipped plant, including the modern improvements for quarry-
ing and sawing. The most practical test which has been made of the
strength of this marble was its use as material for the Washington
Monument in Washington, the highest stone structure in the world,

New York.—A very striking advance in production was made in
New York during 1894, namely, from a valuation of $206,926 in 18393
to #601,5685 in 1804, The increase was due to very largely inereased
operations at Tuckahoe. The productive counties are St. Lawrence,
‘Westchester, Columbia, and Warren.

The color of the St. Lawrence County marble varies from white to
dark blue and green and mixtures of these shades, producing in these
cases p mottled appearance. The marble is adapted to monumental
and building purposes, but the greater part of the produect of 1889 was
used for the latter purpose. This stone, while too eoarsely erystalline
for fine earving, seroll work, or tracing, forms o fine contrast with the
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polished surface. It weighs 174 pounds to the cubie foot, and has a
erushing strength of 12,000 pounds to the inch.

The product from Pleasantville is called, from its appearance, *snow-
flake marble,” and is a dolomite, as is evident from the following
analysis made at Columbia College:

Analysiv of * snowfiake” marhile (dolomite) from Il e, N. ¥.
! l‘vrmnl:.l
! ] ]
Claloiom earbonate. .. 53,02
Magnesiom oarbonate el A0
Lron carbonate. ...... = L0
Aluming........ 3y 07
] [ SsEsiraedises | -0 |
> RO e e oou Lt Y

This marble is especially adapted for use in the preparation of car-
bonie neid.  Tts weight per eubie foot is 180 pounds, The Tuckahoe
marble was used for building, macadamizing roads, and for the prepa-
ration of soda water, Like the Pleasantville marble, it is a dolomite,

The product of Warren County, which comes from {ilens Falls and
its vicinity, consists of Dlack marble, which is generally used for tiling
and to some extent for other kinds of interior decoration, soda-water
fountaing, elock frames, ete. The stone is quite hard, and is quarried
by light blasting, and some of it, owing to the looseness of the beds,
can be removed by ordinary tools; the rougher stone is extensively
burned into lime,

At Hudson, in Columbia County, and at Catskill, across the river in
Greene Oounty, are gqnarries of what is known as “shell marble,”
largely made up of fossil remains.  The stone is so irregular that qoar-
rying is largely done by blasting, It is of a dull, brownish color, and
presents a beautiful appearance in finished surfaces; but owing to its
character it can not now receive the fine finish given to other more
perfectly metamorphosed marbles. N

The prodoet from the Tuckahoe gquarries is now largely used for
building, and a still further inerease in production is looked for during
the year 1895,

Oregon.—In Douglas County several thonsand dollars” worth of mar-
ble was produced in 1894, most of the material being used for cemetery
purposes. The Variety Marble Company, of Roseburg, is the principal
producer. More extensive operations are predicted for 1895.

Tennessee—~The marble output of Tennessee increased from a valua-
tion of #150,000 in 1893, to $231,706 in 1804, The industry has ungues-
tionably suffered from the hard times, although evidently less in 1804
than in 1893, It comes mainly from Knox, Loudon, and Hawkins coun-
ties, althongh a small amount is produced in Hamblen, Blount, and
Jefferson counties, The marble region is thus seen to be in the eastern
part of the State, running in a northeasterly direction from Loudon
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County at the south to Hawking County at the northeast. The total
value of the marble produced in 1830 was £175,600. The marble indus-
try in this State is in a reasonably flonrishing condition.

The marble in Tennessee is in general easily quarried, and this (act
has caused a number of property owners in the past to undertake
quarrying operations on a small seale. The methods of gnarrying arve
generally somewhat crude, and only a few channelers and other
improvements in quarry machinery are in use.

Six marble-producing concerns have within a few years united, form-
ing a combination known as the Tennessee Produeers’ Marble Company,
the object of which is to maintain prices and carry on business more
economically.

Tennessee marble presents much variety of color, and its great beauty
is well known. It is especially well adapted for purposes of interior
decoration in buildings and for farniture tops, but the amount devoted
to the latter purpose is much less than it was a few years ago.

The processes of metamorphosis have in much of this marble stopped
short of the obliteration of fossil remains, the outlines of which are
very plainly marked and present a pleasing variety in the surface of
the polished slab. The colors run from a very light pink through
various shades to a chocolate brown and a mixed brown, white, and
pink.

The product of Hawkins County is highly esteemed, and its price
is almost twice that of the produet of Knox or Loudon County., As
ghown by the nnmerons outerops of marble in this State, it disinte-
grates somewhat nnder the influence of atmospheric agencies, but this
does not detract from its adaptability for interior decoration, to which
it is largely applied.

Some of the finishing wmills in the State are well equipped and oper-
ated in a thoroughly modern way, The average cost per cubie foot of
produeing the marble_ output of Tennessee in 1880 was 85.1 cents.  Of
this amount 80.8 per cent was paid for labor involved in taking marble
from the quarry and putting it into the shape in which it was sold.
Cost of transportation by wagon and railroad from the quarry to the
mill is in many eases quite a serious item of expense,

Vermont,—The value of the marble output-in 1893 was #1,621,000;
the year 1804 shows a falling off to 81,500,399, This decrease is entirely
due to the prevailing financial depression, and with the return of pros-
perous times the growth of the industry will proceed as steadily as it
has done in the past,

The producing counties are, in the order of their importance, Rut.
land, Bennington, Franklin, and Addison. These counties are all in
the western part of the State, and, interrupted only by Chittenden
County, extend from the Dorset quarries in the southwest corner to the
Champlain marbles at Swanton, in the extreme northern part. The
quarries now operated are fonnd in or near the towns of Manchester,
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Dorsef, East Dorset, Wallingford, Rutland, West Rutland, Proctor,
Pittsford, Brandon, Fair Haven, Middlebury, North Fervisburg, and
Swanton. Abandoned quarries are found all along the railroad line
from Dorset to Middlebunry., Most of the guarries are near railroad
lines, but in some cases it is necessary to haul by wagon to the nearest,
railroad station. The longest distance of such transportation is 7 miles.

The marble lies in irregular beds, extending north and south, and
having a slight dip toward the west, but at West Rutland the angle
i8 very much increased, amounting to 802, and the marble is worked
to a depth of 300 feet. In most cases the npper layers are of little
value. and the marble can only be used for purposes requiring rough
stone, regardless of composition.  Ten or fwelve feet of surface rock
must be thrown away before sound material is reached,

There is considerable variety in the color as well as in the texture of
the stone. The pure white marble is rare, oceurring in layers of very
limited extent. Mostof the sfoneis of a blnish-gray tone, and presents
a mottled or clonded appearance, resulting from a more or less intimate
mixture of Dlue amd white, Tuo some cases the blue is so predominant
that the marble is known as “blue marble,” and in eases where the
blue is particularly pronounced it iz ealled “extra dark blue,” The
pure white statunary marble is generally found af considerable depth.
There is, however, no decided regularity in the relative arrangement of
the different colors. The following analyses made at Yale University
for the Colombian Marble Qompany may be regarded as representative
of the marbles of the colors named :

Analyses of marbla from Practor, VE,

DARR-COLORED MARBLE,

Per dent.
| =
|
- (Rt i BT ST e SRR L a8, 370
wnesinm carhonnte . « THG
Iron earbonefe. ... ........ 034
Oreides of Tomgancese and al A0
Matter insalublo in aeids : = 830
i Crpanfomabter. .o e L 080
1
ML wivavontssirassorervimrrsers —— T
LIGHT-COLORED MARBLE,
Por cont.
Caleimn sarbonate i1, T00
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The stone weighs on an average 170 pounds to the cubic foot, although
it sometimes reaches 180 pounds.
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METHODS OF QUARRYING AND MANUFACTURING MARBLE.

The following deseription of methods of quarrying and manufacturing
is taken from the writer’s report on marble for the Eleventh Census:

QUARRYING.

The method of quarrying is essentially the same in most marble
quarries, With fine marble, blasting seems to be entirely out of the
question, because of injury to the stone, which has been amply proved
by past experiments in Italy. This injury has not always been apparent
in freshly qnarried stone, but has been revealed years after by disinte-
gration. It lias already been stated that the marble at Swanton, Vt.,
and at a few quarries in other States, is quarried by the Knox system
of blasting; but the product is not nsed for purposes which would be
injuriously atfected by blasting, and, furthermore, the character of the
stone in such cases admits of the application of this method. Experi-
ments in blasting marble haye also been recently tried in California,
but the results have not yet been made public. A spot for opening a
quarry is selected with the greatest care. If the surface indications
are not sufficient to determine the quality of the underlying marble, it
becomes necessary to drill a hole to a greater or less depth into the
body of the stone. This is accomplished by means of an ordinary dia-
mond drill for prospecting; that is, a hollow tool cutting a circle and
leaving a core, which is taken out when a proper depth is reached.
Lengths of 10 or 12 feet are thus frequently taken ont without flaws,
If the core presents satisfactory indications, the surface material is
stripped by blasting, so as to make an opening for the quarry. Der-
ricks are then placed in position, and channelers, drills, and gadders
commence operating npon the comparatively level floor secured by the
operations of stripping. A channeler then ents two grooves or channels
across the grain of the stone the width of the channeler apart (about 5
feet). The stone thus separated from the rest is called the key course,
This is eut across at intervals to the same depth as the long channels,
namely, the thickness of the bed operated upon.  The key course is thus
ent into blocks, which are held to the fixed marble only on the nnder
side. To separate the blocks from the quarry, two different processes
are in use. According to one of these, a block. ealled the “key block.”
is blasted out, destroying it, but also separating it at the bottom, thus
giving space for operating upon the adjacent block to be taken out
entire and in sound condition. Instead of blasting, the key bloek may
be loosened at the bottom by means of wedges driven into the channels
at one side and one end. A ring fastened into the center of the block
forms a means of attachment to the derrick, which then lifts it from the
floor. In the latter method more time is conswmed, but the key block
is saved, After the key block is removed, space suflicient for the in-
troduetion of the gadder is secured. The gadder, similar to the drill,
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bores horizontal holes 6 inches apart into the adjacent block at the
bottom.  Iron wedges, known us »gadding pins,” are then driven into
the holes, thus separating the block at the bottom. In order to avoid
breaking a block at the edges the pins are a foot or more in length.
When the key course has been removed, several conrses parallel to it
are channeled ont and removed in a similar manner, The channelers
require two meu, a rupner-and his helper, and will eut 75 ehannel feet
per day to a depth of about 5 feet,

The drills operate by striking rapid blows, and the diamond borer
cuts by revolying, the entting edge consisting of diamonds set info the
end. The underlying marble is eut into snccessive floors, as in the case
deseribed, thus gradually sinking below the surface, until, as in the Rut-
land and Proetor quarries, depths of 200 to 300 feet have been reached.
Bteam is commonly employed in running the quarry machinery, but in
some cases compressed air is used, and hoisting is done by derricks.
The usual size of blocks taken out is 4 feet Dy |1 feet 6 inches by 6 teet
6 inches, but for speeial pnrposes considerably larger blocks are fre-
quently removed.

MANUTFACTTRING.

If the marble quarried as above is to be sold in sawed or in finished
condition the blocks are transported fo the mills, where they are sawed
into slabs of varions thicknesses. The saws consist of strips of steel
fastened to au oseillating frame, The eutting material is sand, which,
mixed with water, continnally flows over the block and into the euts
made by the saws, and is fed upon the block either by hand or antomat-
ieally. In the antomatic process of feeding the samdl ig first delivered
from a hopper into a well conveniently located in the mill; from this
the mixture of water and sand is pumped through a main pipe con-
nected with varions branches, which delivers the contents upon the
blocks of stone,

Atter sawing, the blocks or slabs are placed upon a rubbing bed,
eonsisting of a cirenlar iron disk revolving horizontally and continually
supplied with the same mixture of sand and water used in sawing. A
rather smooth but dull surface is thus seenved, and the stone is then
ready for decorative work or for earving and polishing.

The polishing of large surfaces is accomplished by means of a buffer,
which consists of a rapidly revolving wheel covered with flannel and
charged with a go-ealled putty powder, and frequently with a mixtnre
of putfy and oxalie acid. This wheel is eapable of a nniversal hori-
zomtal movement while revolving, so thal it may reach all parts of the
slab, Muech of the polishing in Vermont mills is necessarily done by
hand on account of the delicate nature of the work, owing to the intri-
cacies of surface resulting from carving. In Tennessee mills, where
large plain slabs for waingeoting and partitions are polished, the prae-
tice of machine polishing is much more general.
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The light carving, or “skin work,” as it i3 ecalled, is largely done
in the old fashioned way, with mallet and hand-cntfing tool; bub a
recently patented pneumatic tool, delivering a large number of light
blows per second, is now being imtroduced. This is held in the hand
and movyed along the outline to be ent into the stone.  lts work is very
rapid, and it appears to be gaining in favor. It is used not only for
the softer kinds of slone, but alse for granite,

lu the preparation of stone for architectural designs, such as mold-
ings, cornices, ete., planers similar to iron planers are used. Moou-
mental urns and turned architectural work are produced by means of
lathes, which are used both for eutting and polishing the various forma.

THE SLATE INDUSTRY.

Clay slate consists of siliceons clay which has been hardencd and
otherwise changed by metamorphosing inflnences, such as heat, prea-
sure, and in some cases oxidation,

Qnite a variety of minerals, generally in an exceedingly fine state of
division, have been found in varying proportions throughout the kaolin
mass which constitutes the great bulk of the rock. Among snch min-
erals may be mentioned qunartz, feldspar, mica, tourmaline, organie
material, and hydrated oxide of iron, Carbonaceous matter accounts
for the black ecolor of slate from quarries in Maine and Pennsylvania,
In the red, purple, and green slates of Vermont and New York, car-
bonaceons material is wanting; the process of oxidation which con-
verted compounds of iron inte the ferrie condition, thus giving the
varions shades of red and purple, may also have destroyed the car-
bonaceous material characteristic of black slate,

USES TO WHICH SLATE IS PUT.

The property of slate which renders it useful as a rooling material is
its cleavage, in virtoe of which it may be readily split into thin sheets
of suitable area. The great balk of all the slate quarries in the United
States goes for vooling, but the number of other nses to which slate is
put is already large and is continually inereasing. Such uses arve fhe
following : ’

Slate is used locally in a comparatively rough state for sidewalls,
curbstones, hitching posts, underpinning, cellar walls, and door steps,
As a manufactured article, after going through the mill, it is offered for
the following purposes: Billiard-table beds, mantels, fircboards, register
frames, radiator tops, steps and risers, platforms, tiles, wainscoting,
moldings, thresholds, window sills, lintels, brackets, laundry tubs,
washbowl lops, cisterns, sinks, urinals, refrigerators, blackboards,
mangers, curriers’ slabs, imposing stones, grave boxes, grave covers,
headstones, grave markers, vault doors, water tables, belting courses,
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counter tops, brewers’ vats, greenhonse shelves, chimney tops, switch
boards, and panels for electric work., Tn the marbleizing process it is
susceptible of considerable ornamentation, which makes it more desir-
able still for many of the above uses and also extends the ligl of its
uses as follows: Table tops, stand tops, eard receivers, soda-water foun-
tains, cheekerboards, door plates, signs, and paper weights.

METHODS OF QUARRYING SLATE,

Slate quarrying haviog been for hundreds of yesrs an exceedingly
important industry in Wales, it natarally happens that the industry in
this country is largely carried on under the direction and superin-
tenldence of Walsh quarrymen who have learned the art by years of
experience in their native land.  Owing to the peculiarities of the slate
itself, methods of quairrying applicable to other Kinds of stone are not
suitable to the production of slate. A successlul slate quarryman has
almost invariably learned his art by years of experience under compe.
tent and skilled snpervision in guarries operated upon a liberal seale.
While in this work general principles are vecognized and applied, no
rule-of-thumb metnods of application will suffice, but the operator must
be in possession of such rrained judgment as will enable him to meet
continually changing conditions both in the nature of the slate and in
its environment. What might have been otherwise a fine and profitable
quarry may readily be spoiled by the exercise of poor jndgment in the
initial steps of opening the quarry. A large amonnt of débris must be
dizposed of in connection with slate quarrying and the proper disposi-
tionof this, 8o a8 not to interfere with future developments, is frequently
a matter involving eareful consideration and good judgment. That
serions mistakes may be made even by skilled workmen is testified to
by the large number of abaudoned gnarrvies in Vermont and Pennsyl-
vania which indieate nnsnecesstul operations.

Blasting iz liherally resorted to in slate quarrying, and in this part
of the art there is mueh room for the exercise ol good judgment; so as
to take advantage of the position of the rock as determined by the
cleavage grain and natural joints, and to direct the blast so that just
the desired effects may be produeed. To an on-looker the skill of a
gquarryman in producing already planned for and predicled effects is
sometimes quite wonderfnl. ]

Aside from thig mental work and judgment involved in the sueeessfnl
development of a quarry, the mechanical operations are comparatively
simple, and there is room for the employment of o considerable amonnt
of unskilled labor. In some of the largest quarries of Pennsylvania
Ttalians are freely employed in stripping and similar work. The tools
used ars of simple eharacter. In the production ol rooling slutes the
operations of manulfacture, which ¢onsist in splitting and trimming to
the proper thickness and size, are carvied on at the edge ol the quarry
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hy men who ave trained and skilled in this specialty and are known as
s gplitters.” Theirwork involves a thorough knowledgeof slateas to its
eleavage, and in many eases the most successful workmen havefollowed
the calling from boyhood up, having started as assistant fo some one
else in this work, Frequenfly a father brings up his sons in the same
lineof work, and in some cases Chis practice has been followed through
a nnmber of generations.

MANUFACTURE OF MILLED STOCK.

A long enumeration of the articles other than vooling slate into which
slate is manufactured has already been given. In the mills devoted to
this work there has been mueh opportunity for the exercize of mechani-
eal ingenuily ininventing lnbor-saving devices and in adapting slate to
new uses. While the Welsh enjoy quite s monopoly of the skilled
work in quarrying and in making roofing slate, their particular skill is
much less in demand in the mill itself, where all other articles of slate
are produced. TIn the production of milled stock improvements have
been rapidly made and American inventiveness has made ifself felt.
Much of the work involved in the produoction of milled stock consists
in the waking of slabs having smooth surfaces. Blate will not take a
poligh, but it may be made quite smooth by planing and rubbing with
sand and emery. The planers are similar to those used for planing
iron, At some localities in Pennsylvania the slate iz so hard thatb it
bas to be ent with black diamond saws. In the manufacture of billiard
table tops mueh eare must be exercised to secure perfectly smooth and
level surfaces, and for this purpose slate has no superior. .

Slate is well adapted for ornamental purposes aller it has gone
throngh the process of marbleizing. Quite u variefy of stones and
wood are thus imitated in a very suceessful manner. The following is
a list of different kinds of stone which arve thus imitated : Gray granite,
Mexican onyx, fossil limestone, Devonshire marble, Tennessee marble,
Circassian, Bgyptian, and Pyrenees marble; and in fact all the befter-
known varieties of variegated marble; also blue agate, red granite, red
serpentine, the various kinds of woods, and petrified wood of Oalifor-
nin. Asthe industry progresses the nnmber of different kinds of imita-
tion inereases. The slab to be marbleized is first rubbed by hand with
fine sand, using a wooden block covered with eloth. The marbleizing
process is done in $wo ways. The marble having fine veins and lines
running through it like Spanish marbles, is colored on a * float,” as it
is ealled; thatis to say, a large vat of water is gprinkled with the dif-
ferent oil paints requived. The effect desived on the stone is thus pro-
dneed on the surface of the water, and is then fransferred to the slab
by simply immersing the slab and leaving the representation on if.
The other method is by hand, brushes, sponges, aud feathers being
used to smear on the paint. In this process water colors are used.
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At this stage the slab is baked overnight, the temperature of the oven
or kiln varying from 1752 F. to 225° F. After this first baking the
slab is varoishied and the baking is then vepeated, Next il is seoured
with ground pumice dust, varnished, and baked again. If any gilding
ig 1o be done if is done at this stage, alter the slab comes out of the
kilo for the third time., The next stage consists in rubbing with very
fine pumice stone and a felt boek, after which it is baked for the last
time. Rubbing with roften stone follows, and the final polish is put
on by rubbing with the palin of the hand.

SLATE PRODUCT AND ITS VALUE, BY STATES.

The following table of production for the yeur 1884 shows the number
of squares of roofing slate, its value, the value of milled stock, and the
total value of slate for all purposes:

Value af slate production in 18594, by States.
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The following table shows the value of the produetion of slate, by
States, during the years 1800 to 18084, inclusive:

Fatie of slate, hy States, from 1550 to 7594,

fi 1380, 1891,
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| Total ...... | B33, B25 _"ETQ‘?. Ml | 684, BOD la.«t&’J. 513 | 802, 519 |3, 120, 4100 | O, 396 | 8,805,746




'.
P

BTONE. 477

Value of slate, by States, from 1S3 to 1594—Continned.
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An ingpection of this table shows that during the past year slate has
been produced in nine States, During the census year 1890 twelve
States yielded slate. The financial depresgion has had the effect of
shutting down operations in a number of States in which the industry
had not yet secured a firm footheld.

SLATE INDUSTRY IN THE VARIOUS STATES.

Dalifornia.—As is the case with other kinds of stone, quarrying of
slate in this State has not enjoyed great prosperity doring the past
year, The entire output eomes from Eldorade County and was entirely
devoted ro roofing,

GGeorgia.—The slate industry in Georgia undoubtedly has a future,
althongh operations have not been very extensive in the past. Demand
for slate as a roofing material in the South has not been a keen one, but
it is diffienlt to understand why it should not become so in view of the
extending use of slate for roofing in other portions of the country.
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Although slate is known to occur af a number of localities in the
South, the guarries at ock Mart are the only ones at present equipped
to supply any considerable demand.

Maine.—Slate production in Maine increased from a total valuation
of #139,200 in 1393 to #146.838 in 1804, Of the total valne in the lat-
ter year, 8123947 represents the value of 24,600 squares of rooling slate,
while the remainder, $22,901, is the value of milled stock, the produe-
tion of which is on the increase. The entire output comes from guar-
ries in Piseataquis Connty.

Maryland—The slate region of this State is a continnation ol the
York County slate belt. The Maryland quarries are all in the northern
part of Harford County, near the State line. The quarrvies of these two
counties coustitute what is known as the Peach Bottom slate region.
This region is diseussed more fully in connection with Pennsylvania
slate statistics. The Maryland produet is almost entirely nsed for
roofing purposes, 7,422 squares having been produced in 1393 and
39,460 in 1894, These prodnets were valued at $37,884 and 2150,568,
respectively.

New Jersey.—The slate quarries of this State are an extension of the
Penusylvania slate belt, and only a little quarrying is annually done.
The gquarries are in Sussex and Warren counties.

New York—The slate quarries of this State are all in Washington
County, near the line separating New York and Vermont. The New York
quarries produce slate of a cherry-red color, which is the on ly slate of
its kind in the world. The price for this slate is much higher than for
any other slate in the country. Norved slate is quarried on the Vermont
side of theline. In 18394 the product amonnted to 7,955 squares, valned
at 842,092, Many of the quarrymen operating in Vermont reside in
New York State.

In the reporl for 18393 the value of the output of slate in New York
was placed at too high a ligure, on aeconunt of an error arvising from the
difficulty in identifying gquarries near the State line as belonging to one
State or the other. The figures for 18394 are exact, having been verified
by Mr. George W. Harris, formerly a resident of Fair Haven, Vi, who
is familiar with the Vermont and New York slate region.

LPennsylvanic.—As is evident from the table of produoction, this State
praduces mora than half of the entire slate outpnt of the conntry, The
product of 1894 was valued at $1,620,158.  Of this amount $1.380,430
is the value of 411,300 squares of roofing slate, while Lhe remainder is
the value of milled stock.

The bllowing description of the Stale gquarrying regions of Penn-
sylvania is taken from the writer’s report in Mineral Resources lor
1839-90:

While there is a great variety in the colors of the slate produced in Vermont, a
similar statement does not apply o Pennsylvania, the product of which i3 entirely

black, although a very fing distinetion is locally made between black and a sort of
bluish-black.
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The actively guarried slate Delt of Pennsylvania really bogins in Bussex Clounty,
in the northesstern part of New Jersey, where, st Lafayette awl Newton, there are
glate quarries in eperation, and also in Warren County, at Polkville, The Pennsyl-
vanin portion of this slate belt begins at the Delaware Water Gap, in the northeast-
ern part of Northampton Connty, snd extends through Northempton, Lehigh, and
Buerks eounties in g sonthwesterly divection. There is then a break filled up by
Lebanon and Lancaster counties to the southwest, but in the southern part of York
County opeenstions in what i3 known as the Peach Bottom region veappear, Passing
from the Delaware Water Gap in u southwesterly direction, the most inportant pro-
ducing localities are as follows: Slateford, Mount Detliel, Hast Dangor, Pen Argyl,
Wind Gap, Belfuat, Kdelmun, Chapman Quarries, Treichlers, Danielsville, Walnut-
port, Slatington, Tripeli, Lynnport, Steinsville, and finally, in York County, a por-
tion of what ig known ns the Peaeh Bottow region, which is for the most part in
the northern part of Harford County, Md. The most important localities in York
County are West Bungor amd Dalta, which may be rogarded as the priveipal points
for the entire Peach Bottom region,  The slate of Pennsylvania is frequnently divided,
maore for commercial reasons than anything else, into the following regions: The
Bangor region, the Lehigh, the Northampton Hard Vein, the Pen Argyl, and the
Peach Bottom vegions, The Bangor regiou is entively within Northampton Counly,
and is the most important. It ineludes quarries at DBangor, East Bangor, Mount
Bethel, and Slateford; the Lehigh region inclodes Lehigh Connty entire, also a fow
quarries in Berks and Carbon counties, and also a small number of quarries in North-
ampton Connty, on the side of the Lehigh River, opposite Slatington; the Pen Argyl
region embraces gquarries at Pen Argyl and Wind Gap, in Northampton Connty. The
Northampton Hard Vein region is espeeially distingnished on sceonnt of the extreme
hardness of the slute as compared with that produced in other regions of the State.
It includes the following loealities: Chapman Quarries, Belfust, Fdelman, Seems-
ville, and Troichlors, all in Northampton County.  The Peach Boliom region ineludes
four quarries in York County, Pa., and five in Harford Connry, Md.

One of the chief difficultiss mel with in quareying the so-called “goft” slate of
Pennsylvania 18 the occurrence of what are known as “ribbens,” These rilibons ave
eomposed of foreign materiol and are execedingly hard and ingerfore not s little with
the smooth nnd economical quarrying of the slate. These ribbons are entirely want-
ing in the Peach Bottom slate, and this makes o great difterenee in the ease of gquar-
rying in favor of the product of the Pencl Bottom region. The slate produoced at
Chapman Quarries and other loealities quarrying the same kind of slate that is pro-
dueed at this locality is so extremely hard that although it can be split willk about
the same readiness as the soft slate, it has to be sawed with diamond saws., This
hardness is notrally an advantage to the slate, rendering it durable aod noenabsorp-
tive. For tlagging parposes it is extremely well adapted, chiefly on acconnt of its
hardness.  The most important produet into which this hard vein slate is made is
rooling slate, althongh it finds considerabile application for hilliard tables, imposing
stones, blackboards. cisterns, lintels; window sills, copings, vidgepoles, stairateps,
and ficor tiles. For paving purposes it has given great satisfuction.

The largest quarry in the Btate, and probably in the conntry, is the old Bangor
quarry at Bangor, The dimensions of this quarry are 1,100 feet long, 350 feet wide,
with an average depth of 175 feet. Operations are condoeted on aovery large seale
here in every respeet, two locomotive engines and a large number of cars being kept
during a part of the year almost constantly employed in stripping and tronsporting
the surface materinl to the damp, :

Slate quarrying not only in Pennsylvanis, bot in all other States produeing slate,
is earrind on almost entirely by the Welsh, in so fur as skilled labor is concerned.
This is of course due to the fact that operations of quarrying slate hinve heen hotter
stidied in the enormaons slate quarries of Wales tharrin any other part of the world,
and naturally laber skilled in slate quarrying comes from that conntry. For ordi-
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mnary lahor, sueh as stripping, Italians supply wost of the demand. A large school-
slate factory i in active operation at Bangor. In this factory the operations are
carried on almost entirely by machinery, which is so perfect in its working that the
manual labor required in attending to it is largely monopolized by ehildren of both
sexed, Similar statements may be made of large and prosperons sehool-alate fae-
tories in operation in Slatington and Walnutport, In the manufacture of roofing
slate, boys aro gnite freely employed in the work of trimming the slates after they
have been split to the proper thickness and approximate size. This practice enables
the Welsh to kesp the skilled work lurgely in their own hands, as they bring up
their sons to learn the business after them, beginning with the light work of trim-
ming, and as they grow older and stronger extending their work to the Leavier
operations.

Vermont.—The slate output of this State comes entively from quarries
in Butland County. The industry bas suffered quite noticeably from
the finaneial depression which has characterized the years 1893 and
1894, T'he total value of the output of 1883 was placed at $535,732.
As explained in connection with the consideration of slate statistics in
New York State, the above figures for 1893 in Vermont are somewhat
too low, as returns from some Vermont quarries operated by residents
of New York State were erroneously returned as belonging to the lat-
ter. The value of the product in 1894 for Vermont has been very
exactly ascerfained to be $655,167. Of this amount, 455,860 repre-
sents the value of 214,337 squares of roofing slate, while the remainder
iz the value of milled stock,

The arvea in which slate is actually prodoeed at present is confined
to a narrow strip in Washington County, N. Y., and a somewhat wider
one lying next to it in Rutland Connty, Vt. 1t extends from Castleton,
V., on the north, to Salem, N. Y., on the south, a distance of 35 or 40
miles, and has a maximum width of 6 miles, but the average is not
more than a mile and a half. Seattered over this territory there are
about forty-nine quarries in Vermont, and abandoned quarries, or those
which for one cause or another are at present idle, nnmber many more,
The first commercial use to be made of the slate of this region was
between thirty and forty years ago, when Messrs, Alanson aud Ira
Allen began on a small scale the mannfacture of school slates from the
stone obtained at Scoteh Hills, 2 miles north of the village of Fair
Haven. This quarry is still in operation. The industry has now
reached large proportions, the number of guarries keeping pace with
the demand for the stone, and this is steadily inereasing as new pur-
poses are tonnd for its application.

Aceording to My, George W. Harris an onteropping of blaek slate has
been observed near Benson, Rutland County, Noactual developments
have been made, but tested samples give promising indications both
as to texture and color,

The slate differs somewhat in its physical properties, such as hard,
ness, homogeneity, and eleavage, but the greatest varintion is to be
found in its color, no other place in the world showing so many colors
in an area of equal size. Most of the commercial names under which
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the slate is sold are descriptive of the color of each kind, and are as
follows: Sea green, unfading green, uniform green, bright green, red-
bright red, cherry red, purple, purple variegated, variegated, and
mottled,

The line dividing Vermont and New York also marks the division of
two important varieties of slate. The true sea-green is fonnd only in
the former State, while the red is entirely eonfined to the latter, some
of the qunarries produocing the respective kinds being, however, but a
few hundred yards apart. The sea-green slate is manofactored almost
entirely into roofing slates, more than three times as many squares
being made from it as from all other varieties combined. 1t is guar-
ried very extensively in the villages of Pawlet and Poultney. The sell-
ing price per square is lower than for any other prominent kind quarried
in the region, and the greater ontput results both from its predominance
in the localities mentioned and from the ease with which it is worked,
the split being remarkably pronounced. When [irst quarried its color
is a pleasant grayish-green, but after being exposed to the weather
it gradually fades and changes in a very nnequal manner, certain
sheets turning brown, others light gray, while some remain practically
unchanged. A roof covered with it presents, after a year or two, a
peeculiar spotted appearance. It is, however, a good wearing slate, and
the objection to its eolor is the principal one against it.

As already stated, no red slate is produced in Vermont, while the
red-slate quarries of New York, just across the dividing line, are the
only ones in the world producing red slate.

Virginia.—The slate industry of Virginia is developing in a satisfac-
tory manner, and althougl the general business depression has affected
the industry during the past two years, progress has been made both
in an inerease of output in 1894 as compared with 1893, and in the fur-
ther perfection of mills for the manufactore of products other than roof-
ing slate. The value of the oufput in 1893 was 8117,347, representing
the valne of 27,106 squares of roofing slate and 12,500 worth of milled
stock. In 1894 the total value of the output was ®138.151, of which
19,300 represented the value of milled stock and the remainder that
of 53,055 squares of roofing slate.  Most of the product comes from
Buekingham County, while the rest is quarried in Amberst and Albe-
marle gounties.

HISTORICAL DATA.

According to Mr. George W. Harris, of Fair Haven, Vt., the quarry-
ing of slate began with the operations at the Cilgwyn guarries in
Wiles. From these was taken the slate used in roofing some of the
oldest castles in that country. Sowmwe of these structures are said to
have been in existence prior to the Norman conquest. Exeavations
made i one of the ancient churehyards of Wales revealed a head-
stone erected over the grave of Sir William Brereton, who, aceording

16 ¢eoL, PT 4—351 5
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to the inseription, died in the year 1651, A headstone in o graveyard
at Plymouth, Mass., bears the date February 23, 1672, This slab and
others were bronght to this country as ballast in ships from the earliest
‘Welsh quarries.

The first use to which Vermont slate appears to have been pnut was
the manufacture of school slates by Deacon Ranney and Colonel Allen,
of Fair Haven, Vt, In 1847 the production of roofing slute began,
only 200 squares being manufactured the first year, In 1855 the same
locality yielded 45,000 squares of roofing slate. .

THE SANDSTONE INDUSTRY.
NATURE AND VARIETIES OF SANDSTONE.

The constitnent granules of sandstone have resnlted from the disin-
tegration of the older rocks under the influences of dynamie action,
erosion, and weathering, The sedimentary deposition of these gran-
ules from suspension in water, supplemented by the cementing effect
of other substances, aided by pressure, has given rise to what is known
as sandstone, The hardest essential component of the older rocks is
quartz, which is naturally therefore the most abundant granule-form.
ing material, and while other minerals are to be found in sandstone
most of the sandstones are almost entirely made up of quartz.  Feldspar

and mica are to be found in some sandstones, but the constitution of

this rock on the whole is much simpler and more uniform than is the
case with granitic amd voleanie rocks,

The size of the constitnent granules in sandstone is quite variable,
and thus it is enstomary to distinguish between fine and coarse grained
stone,

The nature of the material which binds the granunles together is an
important consideration, since it determines largely the strength, dur-
ability, and beanty of the stone, and consequently its commercial valne.
1t is searcely necessary to observe that no matter how hard the gran-
nles of a sandstone may be, if they are not firmly bound fogether the
rock as a whole may be easily crushed and disintegrated. The com-
monly pecnrring cementing materials are oxides of iron, argillaceons
material, caleium carbonate, and silica, the latter in a different physi-
eal condition from that which constitutes the quartz granulesthemselves,

Argillaceous sandstone is that in which the cementing material is
clay; such stone is apt to be weak amd easily erushed, unless it
happens that the original clay has been changed and hardened by
metamorphie action,

The cementing material of caleareous sandstone is ealeium carbonate,
which, owing to its susceptibility to decompesition under the inflnence
of an acid atmosphere, is not so desirable as some other materials,

Ferruginous sandstone is that in which the cement consists of one
or another of the oxides of iron, or mixtures of them, These oxides of
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USES TO WHICH SANDSTONE IS PUT.

The following is a list showing the various uses to which the sand-
stone of the country is put:

FOURDATIONS, SUPERSTRUCTURES, AND TRIMMINGS,

Solid fronts. Buttresses. Capping. Ashblar,
Foundations, Window sills. Belting or belt Forts.
. Cellar walls. Lintels. 0ONTRES, Dimemsions,
Underpinning. Kiln stone. Rubble, 8illa.
Steps. '
STREET WORX.
Paving blocks, Basin heads oreatoh- Road Macadam, Sledged stone,
Curbing. hasin covers, mling: | Telford. Crushed stone.
Tlagging. Stepping stones, =) Conerete,
ABRASIVE PURPOSES, 5
Grindstones, Whetstones. Shoe rubbers. Oilstonoes.
RRIDGE, DAM, AND RAILROAD WORK.
Bridges. Break water, Raila. Bunk stone,
Culverts. Jetties. Ballast. Parapets.
Aquednots. Pivrs. Approaches, Docks.
Daus, Buttresses. Towers, Bridge covering,
‘Wharf stone. Capstone.
MISCELLANEOUS,
Grout. Lining for blast fur- Watering troughs. Glass furnaces.
Hitehing posts, naces, Fluxing. Core sand for found-
Fence wall. Rolling-mill fur- Ganister, riea.
Sand for glass. naces, Fire briek, siliea Random stock,
Sand for plaster and Adamantine plaster.  brick,
cement, Millstones. Lining for steel con-
Furnace hearths. Cemetery work, verters.

VALUE OF THE SANDSTONE PRODUCT, BY STATES.

The following table shows, by States, the value of the sandstone pro-
duced during the calendar year 1594 :

Talue of sandstone production in 1594, by Stafes,

Stutes, | vatae. | States. Value.

Alnbama. .
Arkangas .
Ealll’uruia

Mary lan:

Massachusetts .. ..
Michigan ...
Minneatil.coeeeanns

Wyoming. . . -iicecucenea i
Total . ..ccueaaraesones| 8,045,847
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Inspection of the foregoing table, which reveals a total value of
$3,045,847, and a comparison with the total for the year 1893, shows a
falling off in produetion of 01,243,304 This decrease is greater than
for any other kind of stone. This is what would naturally be expected,
in view of the thet that sandstone is more exclnsively nged for huilding
purposes than any other variety of sbone. Thus, granite is quite lnrgely
employed as paving material in fhe form of Belgian blocks, and for
monumental and cemetery purposes; limestone, also, besides its use us
building material, is nsed for road making, burning iuto lime, and for
blast-furnace flux purposes, requiring large quantities of stone. In the
census year 1889, 23 per cent of the limestone, 43 per cent of the gran-
ite, and 65 per cent of the sandstone were the proportions of ench nsed
for building purpeses. Hence it is, that building operations being
restricted on account of hard times, the sandstone industry snffered
wore than the others. A surprisingly large number of sandstone qnar-
ries shut down operations entirely on account of the lack of demand.
while, without any exception, the largest producers report a serions
falling off in output, sometimes amounting to 50 per cent of the value
of the output in 1803,

The following table shows the production of sandstone, by States, for
the years 1800 to 1594 :

Falue of sandstone, by States, from 1890 to 1854,

Statos. 1800, 1801, wos, | omems | e,

|
$43, 52, 000 #3,400 | §18, 100
9, 35, 000 A0 [ oiereninnns
25, 18, 000 3, 202 2, 305
175, B0, 000 6, 314 10, 087
1,224, B0, 000 | 126,077 i, 106
0, 650,000 | 70,046 | 322 084
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SANDSTONE INDUSTRY IN THE VARIOUS STATES,

Alabama.—Sandstone has been prodnced from quarries in Jefferson,
Colbert, and 8t. Clair counties. Production in 1894 has been moch
restricted, but indications for improvement in 1895 are well delined
and nnmistakable.

Arkansas—But very little sandstone is quarried in Arkansas,
although it has been produced on a limited scale in four different
counties, namely, Johnson, Sebastian, Conway, and Miller.

Californie,—In sandstone production, as in that of all other kinds
of stone, the year 1894 has been an exceedingly dull one in this State,
Produetion in 1894 was so limited as to be hardly worth noting. I[u
former years sandstone has been produced in the following connties,
named in order of importance: Santa Clara, Amador, Ventura, San
Bernardine, Yolo, Solano, and Napa.

Colorado.—Production of sandstone in Colorado a few years ago had
assumed quite large proportions, and in 1889 the value of the output
was found fo be $1.224,088, During 1804 the industry almost came to
a standstill, many operators quitting the bunsiness entively, while others
barely existed in their struggles with slack demand, low prices, and
slow collections, The connties which have yielded sandstone are, in
order of importance: Boulder, Kl ’aso, Larimer, Bagle, Jefferson, Las
Animas, Fremont, Park, Tluerfano, and Montezuma.

Connectiviet.—Practically the entive output of sandstone in this State
comes [rom the well-known quarries at Portland, Middletown, and Crom-
well, in Middlesex Connty. 'The product of these localities has long
been in favor in the meost important eities of the Eadt, While produoe-
tion is in amount well below that of a few years since, the industry is
in # stable condition, with promise of decidedly better results in 1895,

Georgia.—While a small gquantity of sandstone was produced in 1894,
this branch of the stone industry in Georgia has never amounted to a
great deal. Mueh more enterprise has been shown in the development
of its valnable resources in granite, marble, and slate.

Tdaho.—~The output of sandstone in Idaho exceeded that of the census
year, but the industry does not yet cut mueh of w figure. The product
is eontined to Ada County.

IMlinois.—This State, while very prominent for its limestone ontput,
has not as yet done much in the way of quarrying sandstone, although
operations have been carried on in Henry, Fulton, Whiteside, Union,
Knox, Lee, and Clay counties,

Indiana.—Indiana is widely known for oolitic limestone rather than
for other varvieties, Sandgtone is produoced to a limited extent in the
following counties: Warren, Fonntain, Orange, and Potnam.

The sandstone of Orange County deserves especial mention on account
of its value for abrasive purposes. This stone is said to need no oil
to soften it, but 18 used with water alone, and it appears to be very
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popular for the purpose of sharpening tools. It has been very highly
recommended for razor hones and for sharpening axes and knives, It
is found chiefly in the western part of Orange County, and appears to
be produced in no other county of the State. Kuch of it is shipped in
the rough to various points in New York to be sawed.

Towa.—BSandstone production has been at quite a low chb in 1894,
althongh it has never been of much importance to the State. Marion
and Hardin counties have been the most importont, thongh small
amonnts have been gnarried in Cerro Gordo, Clayton, Lee, Jasper,
Washmgton, and Scott counties.

Kansas—Sandstone is found in all parts of this State, but the most
produetive portions are in the southern and southeastern counties.
Bourbon, Phillips, and Rawlinsg connties are the most productive,
although quarries have been operated in Crawford, Woodson, Clark,
Wilson, Kingman, Harper, and Comaneche connties.

But little was done in 15894,

Rentueky.—Althongh sandstone has been quarried in seven counties
of the Stare, almost nothing was done in 1894, Productive counties
are Rowan, Muhlenberg, Lewis, Bell, Orittenden, Rockeastle, and Ohio.

Maryland,—The annual production of sandstone in this State has
never been large, although some of the stone is fine in quality. This
statement applies particularly to stone quarried in Montgomery County,
on the Potomac Riyer, 20 miles from Washington. It was known
oviginally as Seneea red sandstone. Tt has been vsed in quite a large
nnmber of boildings in the eity of Washington, notably the Smith-
sonian Tonstitution.  From all the evidence which has been submitted
it appears o be one of the beat red sandstones in the country. Many
of the strong and ungualified indorsements of this stone appear as
the favorable result of an investigation of a committee of Congress
appointed to investigate the nse of fhis stone in the construetion of
the State, War, and Navy Department building in Washington.

Massachusetts—While the granite interests of Massachusetts have
held their own during the financial depression, sandstone production
has fallen off decidedly. The productive counties are Humpden, Suf-
tolk, Norfolk, and Hampshire. The first named yields most of the
produoet.

Michigan.—'This State has prodnced some fine grades of sandstone,
which are favorably received by builders over quite a wide area of the
country. Leading producers report poor business for the past year,
Imt thereis ne doubt that indications for 1895 are much more favorable.
Productive counties are chiefly Honghton and Marquette,

Minnesota.—Production fell off markedly in 1894, Productive coun-
ties are Pine, Pipestone, St. Lonis, Tonston, Rock, and Scott.

The developments which have been made in Pipestone County in
what is commercially known as “ Pipestone red jasper” are of particular
interest. This is a metamorphic quartzite roek of intense hardness,
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varying in ¢olor from cherry to lavender or violet. Its extreme hard-
ness is another important characteristic. The following analysis was
made by Dr, O, T, Jackson: :

Awalysin of ved pipesione from Pipestone County, Minn.

‘ Per cent. i
Waler R
Silie 48.2
4‘111.|i 5 '.!:..!«
'Phﬁnlt'\]:‘lsil-\lnf ron a
Oxdie of manganea .6
Crrbonate of e, ?.ll |
|
L o e s WY T s ¢ w2 m A B 5, e pne b w g mom e bt 4 UM, A
The following tests of thiz stone have been made:
Tests of Minnesola red pipeatons.
Crushing strength. ... .- crocicvimmiiaansvvon coms nene sves [ DB, PET BQ; i 23,000
) gk T R e
Walpkbpor oubiefoot. ool i i e s e s e e e ThEs . TG

On aceount of its color and desirable properties which tend to make
the stone durable, it is quite popular as a building material, and has
alveady been used in the construction of a large number of important
BLuildings.

Missouri—Sandstone quarrying was very mueh depressed through-
ont the year, In spite of hard times, however, the falling off was not
nearly so pronounced as in many other States. The value of the
product in 1880 was $155,557. and in 1894, $131 687. The most impor-
tant counties are Johnson, 3t. Clair, and Cape Girardean; others less
productive are Carroll, Barton, Saline, Franklin, Vernon, Ilolt, Lewis,
Buehanan, and Henry.

Montanae.—A small amount of sandstone was quartied during the
year. The productive connties are Deer Lodge, Caseade, Custer, and
Y ellowstone.

New Jersey,—The sandstone industry of New Jersey is one of consid-
crable magnitude, hayving amounted in 1889 to a valuation of #507,309,
The decrease to $217,941 in 1894 appears to be entirely attributable to
the general low condition of trade.

New York.—The sandstounes of this State are quite yarious in color
and in fineness of texture; some of them have won lasting reputations
for adaptability to building purposes.  Produetion languished in 1594,
amounting in value to $450,992, while in 1889, the corresponding figure
was $702,419,

The hest known sandstone is the Potsdam red sandstone, It hasan
enviahle reputation for durability and for ability to withstand the
effects of sudden heating and cooling.
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The leading countries producing sandstone are Orleans and St. Law-
rence; olhers are Niagara, Oswego, Oneida, Jelferson, Chenango, Mon-
roe, Allegany, Greene, Rocklivnd, Washington, Tioga, Steuben, Schuyler,
Franklin, Wyoming, Essex, Chautanqua, Ofsego, and Cattarangns.

In waddition to the prodnction of samdstons in New York, a large
quantity of what is commercially known as “bluestone” is quarried.
Blnestona is the name given to the variety of sandstone which consists
almost entirely of granules of silica cemented together by silica. The
identity of this stone with sandstone is not generally recognized among
the bluestoue produacers; in fact, many of them seem almost indignant
if it i3 called sandstone. The bluestone industry is entirely distinet
from what is herein given as the sandstone industry. Owing to the
hardness and dorability of bloestone, as well as the manner in whieh it
oecnrs in the earth, itis well adapted to purposes of street paving, such
as flagging and eurbing, and most of it is devoted to these uses, A
certain amount of the slone is quarried lrom regularly orgapized quar-
ries, with a definitely invested eapital and plant and good facilities for
quarrying, but a large amount is produced irregularly and spasmodic-
ally by men who invest no eapital and have no definite organization as
producers of stone. Their aperations are conducted as follows: Pro-
vided with avery simple equipment of the most ordinary quarry tools,
they dislodge the stone found on land belonging to other persons and
transport it to a number of shipping points, selling it there Lo dealers
who make a business of collecting the stone in this manner and ship-
ping it to places where itis used. The dealers pay the individuals who
quarry the gtone an amount which simply compensates them for their
time and labor, while the owner of the property receives a certain defi-
nite percentage from the dealer for the mmonnt of stone thus faken from
his land, During the year 1880, and a number of years previous, some
of the dealers at various points in New York State constituted the
members of the Tnion Bluestone Company, with headqunarters in New
York City. Each member of this company was entitled to furnish a
cortain percentage of the total amount sold by this company in a given
year, The dealers may, therefore, be regarded in a certain sense as
producers. The land on which this stone is quamried is, generally
speaking, of little value for anything but the bluestone contained n it.
Originally the stone was quarried for flagging only, bat more recently
it has been applied to quite a long list of purposes, snch ag rubble
masonry, retaining walls, and bridge stone, enrbing, gutters, step stones
flooring, vault covers, bages of tombstones, poreh and hitching posts,
house frimmings, such as platforms, steps, door and window sills,
lintels, and caps,

The stone is known commercially by a number of names, which
designate approximately the region from which it is taken. Among
the names in common use may be mentioned the following: Hudson
River bluestone, Hudson River flagging, North River bluestone, North



490() MINERAL RESOURCES.

River flagging, Tennsylvania blnestone, Wyoming Valley bluestone,
Delaware River bluestone, Delaware flugs, bluestone flagging, and
blnestone.

The value of the bluestone prodoced in New York in 1880 was
#1,303,321.  This prodnet came from 142 guarries, in addition to
nnmerous minor guarries or holes from which the produet was taken
by laborers, as has already been desceribed, The prodnctive counties
are seen in the following list: TUlster, $662,5245 Delaware, $150.366;
Clienango, $93,100; Sullivan, #837.930; Wyoming, #50.260; Sclienec-
tady, $47.006; Orange, 33,405; Albany, $23,285, and smaller amounts
fromn Otsego, Jefferson, Tompkins, Schoharie, Steuben, Seneca, Greene,
Chemung, Broome, Baratoga, Oneida, ockland, Franklin, Washington,
and Yates. The Union Blnestone Company, as organized in 1889, has
dissolved.

No eanvass of the bluestone producers has been made since 1389,
when the census figures, which were collected with great eare by per-
sonal visitation of all producing localities, gave the values and distri-
bution above stated. It is safe, however. to estimate the eutpnt for
1894 at 900,000, as production has fallen off in valne sinee 1889,

The following article, originally published in *Stone" for July, 13935, is
of interest as showing the peculiarities of bluestone quarrying:

The gquarrying of bluestone probably requires as much gkill, if not more, than
any other kind of stone, w fuct often overlooked, and a potent factor in the suecoss
or failore of a quarryman, It seems to be the general impression among a great
muny nsers, and perbaps a few of the prodocers, of this most nseiul and durable
stone that a mam need only find o deposit of salabile gquality of blnestone, with na
more than the nsual proportion of top to bed, and with the vsnal shipping facilities,
amd suecess is assnred, but for any one who has been closely connected with this
especially interesting business it is easy to find the reason why s quarry has not
paid.  The eanees arve usaally radical, and one of the fivst Aaws; after ascertaining
that the quarry contains stone in fair quantity, will be found by looking into the
system of guarrying, wherein nsnally inheres the drawback to the prosperity of the
(uarTy.

The peeuline formution of bluestono, and the fact that it is fonnd in compurntively
small deposits, make the use of machinery impracticable, a gquarry in Chenango
Connly, N, Y., probably being the ooly one which uses any of the modern machinery
or blasting deviced in quarrying, such as the Kpox system in use at this place.
Bome few of the olher large quarries, perhaps, are nsing the Enox systam in blast-
ing their top rock, and gquite a number are equipped with steam drills, but it is sife
bosay that 90 per eent of all the bluesione is guarried by hand wedges and sledges,
Tlagging is a large percentage of the kind produced, and rons from one-fonrth inch
thick np. The beds nsaally prodinee the thinner stone on top, runoing heavier as
the Lied i8 worked down, Nearly every quarry has its own peculiar formation.
Quirries withio 400 or 00 yurds of each other frequently differ greatly us to quality
and formation.  As o tule the hest quarrymen have worked in the quarries from the
time they have been able to do anything, and as that is nsually prefty early in life,
many of them have gained such knowledge of the work that they know to o cer-
tainty how the stone will work as scon as they see the bed, without raising o Lift,
It is ouly after long work al quarrying thal o man becomes expert.  To raising the
flag it is very necessary that they come up in as large pleces as possible, that the
eubters may gat the larger-sized stove wost in demond aud for which the best prices
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are obtained. A good quarryman will handle a liff with ntmost skill, driving the
‘wedges just enough to give it the proper steain to free itsell from the bed of stone,
and yet not so to strain it that it will break under the stonecutter's tool, or perhaps
hefore it is raised. There are no general rules or directions to follow; only knowl-
adge and skill obtained by long and close attention to the work are of any service.

Ohio.—This State stands in first place among all the States of the
Union for its output of sandstone. The value of the product in 1594
is 81,777,054, The financial depression during the past two years has
been severely felt by the sandstone producers of the State. In 1800
the total valne amonnted fo £3,046,656G. The productive counties, in
order of importance, are as follows: Cuyahoga, Lorain, Stark, Scioto,
Washington, Huron, Fairfield, Summit, Trumbull, Morrow, Wayne,
Muskingonm; and smaller amounts from Crawford, Richland, Holnes,
Harrison, Tusearawas, Belmont, Jefferson, Mahoning, Erie, Delaware,
Franklin, Lucas, Meigs, Montgomery, Ross, Licking, Guerusey, Colum-
biana, Perry, Portage, Wood, Ashland, Pike, and Lawrence. Dy far
the most of the stoue comes from Cuyahogn and Lorain counties, in
the northern part of the State.

Bowe of the sandstone quarries of Cuyahoga and Lorain counties are
operated in a most thorough, eomplete, and economical manner; the
latest applinnces are in use, and for smoothness of working very few
quarries in the country can compare with them. 'The nse of the Knox
system ol blasting in the guarries of this Stale is attended with great
suecess.  The stoune is of such a thoronghly homoegeneous character
that the result of a blast by the Knox system is simply to move, slightly,
large masses of stone without spalling or weakening them in any man-
ner., Onecould almost stand npon the mass of rock while being blasted
ont withont danger of personal injury.,

The uses to which Ohio sandstone is putf arve as follows: About one-
sixth is consumed for abrasive purposes, for whieh the stone has a very
high reputation. It supplies most of the demand in the United States
for grindstones, ete. Somewhat more than one-half is used for bunild-
ing. Abonf one-seventh is devoted to street work; while the remainder
is consumed in bridge, dam, and railroad construction.

Pennsyleania.—The value of the product in 1804 was 8349,787. A
greal many quarries ceased operations entirely doring the past year,
demand being very light and prices lower than heretofore. The fol
lowing are the productive counties, in order of importance: Beaver,
Dauphin, Lawrence, Allegheny, Westmoreland, Montgomery, Lacka-
wanna, Fayette, Luzerne, and Somerset; and smaller amounts from
Huntingdon, Bucks, Chester, Tioga, Philadelphia, Lancaster, Indiana,
Berks, Blair, Lehigh, Brie, Lebanon, Clearfield, Lycoming, Venango,
Jefferson, Cambria, Warren, Lk, Crawford, Armstrong, Clarion, Me-
Kean, Delaware, Greene, and Susquehanna.

South Dakota—The total outpnt reached a valuation of only $9,000.
The industry is a new one in this State, but there is reason to believe
that it will develop considerably in the course of the next decade.
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Teras.—The value of the output was $62,350, which 18 guite an
inerease over the product of a few vears ago. The output comes from
quarries in Washington, Parker, Grimes, Llano, Brown, Collin, and
Wise counties.

Utah.—The value ol the output of 1894 was 15,428, The product-
ive counties are [Ufah, Summit, Emery, and Boxelder.

Virginia.—The produetion of sandstone in Virginia has thus far been
very limited. Campbell and Prinee William counties have yielded
most of the produoet.

Washington.—Although very fine sandstone iz known to ocenr on the
shores of Lake Whateom, bat very little has yet been done in the way
of development, The product of 1804 is valued at =6,611,

West Virginie.—In this State there are large quantities of sandstone
admirably adapted for use in heavy foundation work, and partienlarly
bridge work. Productive counties arve Kanawha, Wood, Summers,
Ohio, Marion, Lewis, Preston, Ritchie, Harrison, MeDaowell, and Taylor.
The value of the ontput in 1894 was 863,865,

Wiscongin,—This State produced 394,888 worth of' sandstone in 1804,
This amount differs but little from that of 1803. Productive counties
are Bayfield, Tierce, Donglas, Ashland, Dunn; small amonnts have
been faken from the followmg: Saunk, Lafayette, Monroe, Portage,
Jackson, La Crosse, Trempealean, Dane, and Grant.

Wymming.—Qunarrying in this State is in its infaney, although there
appear to be many possibilities well worth investigation when the
demaud for sandstone is such as to justify it. Stone has been pro-
duced in Laramie, Albany, Converse, Carbon, and Sweetwater countics,

THE LIMESTONE INDUSTRY,
NATURE, ORIGIN, AND USES OF LIMESTONE,

The name “limestone” hmplies stone from which lime iz made,
Strictly speaking, therefore, it should apply enly to the c¢arbonate of
caleium, which, by ignition, is eonverted into lime, In practice, how-
aver, the name covers quite a variety of materials which eontain car-
bonate of ealeium, but in very different degrees. When limestone
presents itsell’ in erystalline condition, so as to be susceptible of line
polish and delicate ornamentation, it is known as marble. Marble i3
specially treated in an earlier portion of this report, inasmuch as ils
beauty of fexture aud fine erystalline condition make it applicable to
uses for which the nonerystalline variety of limestone can not serve,

Calcium carbonate is frequently associated with magnesinm car-
bonate in varying proportions. When the proportion of the latter is
small the stone is ealled magnesian limestone, but when the proportion
becomes 54,45 parts of caleinm carbonate to 45,65 parts of magnesinm
carbonuate it receives the name of “dolomite,” which, if crystalline,
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may constitute a marble, but if' nonerystalline is classed with the
ordinary limestones. The term “ordinary limestone” is commonly used
to include all the grades and degrees of limestone except marble, and
it is of “ordinary limestone™ with this meaning that this report treats.

The limestones are mainly, though probably not entirely. of organie
origin, resulting from the deposition and aggregation of shells, corals,
ete.; but at the time of deposition other materials, such as ¢lay, sand,
iron oxides, iron pyrites, mieca, ete., may have been included, thus pro-
ducing a large number of grades, which are frequently distinguished
by names which imply the presence of the most characteristic impurity.
Siliceous, argillaceous, and micaceous limestones are names in common
use. Usunally the presence of these impurities is an objection to the
stone for almost all the great varviely of uses to which limestone is
applied.

The detailed uses to which ordinary limestone is put are numerous,
and some of them are of vast importance, becanse they ean not be met
by any other kind of stone. Some of the uses to which limestone is
put bring it inte competition with the granites and sandstone, such as
building of all kinds, road making, and structural purposes genervally,
In its application to lime burning and blast-furnace flux, limestone
stands alone, and, as will be seen from the table of production, large
quantities are devoted to these purposes,

L
VALUE OF LIMESTONE PRODUCT, BY STATES.

Owing to the widespread distribution of limestone thronghont the
United SBtates and the number and varied character of the uses fo
which it is put, the collection of acenrate statistics becomes a much
more difficult problem than is encountered in the same nndertaking
with any other kind of stone, In view of the difficulties which present
themselves in connection with statistics of limestone, an entire revis-
ion of the directory was made, and as a result the original list of
names of producers was decidedly lengthened. While the original list
contained the names of all important operators, a great many additional
names of less important producers were seeured. The method which
was found most effective in obtaining knowledge of new names con-
sisted in addressing to postmasters of all offices located in limestone
producing connties of the country a donble postal card, which enabled
them to return to this Burean nawmes of all persons in their vicinity
who quarry limestone for any purpose whatsoever. The resunlts which
followed our subsequent veqnest for information addressed to limestone
producers are mogt gratifying. sinee there was every reason to believe
that the returps relating to value of output were so full and complete
a3 fo amount to an actoal census,
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siv distinet beds of limestone. Each of these six heds will furnish
good building material.  The upper bed in places will furnish marble,
although the ereater part of it has little commereial valoe, The third
bed in the series furnishes an excellent boilding stone at almost every
onterop, and it is fonnd thronghont nearly all the northern eounties,
It corresponds qguite closely with the Indiana oolitic limestone, being
in the same geological horizon, and resembling it in structure, except
that if 18 more crystalline and tukes a finer polish than the Bedford
{Indiana) stoue. It is more erystalline, less oolitie, and more fossilif-
erous in the western than in the eastern part of the hed. Tt has heen
gquarried at Batesville. Independence County, for huilding stone and
burning into lime. The fourth bed in the series, bhelonging to the Tren-
ton period, occupies the same geological position as the Tennessee
marble, which it resembles in structure and appearance. It has heen
traced and carefully mapped throngh Independence, Izard, Stoue,
Searey, Marion, and parts of Newton and Boone eonnties. It is known
to exist also 1 Madison and Carroll counties, and possibly extends as
far west as the State line or heyond.  Only small quantities have Leen
quarried, for local use in monmments and mantels. It varvies in eolor
through light gray, pink, red, variegated. and mottled, The fifth hed
is found in great quantities in Independence, Izard. Stone, and Searcy
eounties. 1t is a fair building material, and produces good lime. Some
lithographie stone has been obtained from it.

California.—The value of the limestone output, B285,000, in 1594 is
largely the value of lime produced; i, e., $273,250, The productive
counties, in order of importance, are Santa Cruz, San Bernardino, Kern,
Riverside, and San Benito; small amounts have been guarried also in
Eldorado, Banta Clara, S8an Diego, and Placer counties.

Colorado—The total value of the output in 1804 was 2132,170. Of
this value 72,680 represents the quantity nsed for fluxing purposes,
while the remainder was about evenly divided between bunilding and
lime making. Prodnetive connties are Pitkin, Jefferson, La Plata,
Boulder, Fremont, Pueblo, Larimer, and Chaffee,

Connecticut.—The total valne of the output in 1894 was #204,414,
The entire output is converted into limg,  In spite of considerable com-
plaint about hard times, business was better in 1894 than in 1893, as
shown by a gain of 840,414, The product comes entirely from Litch-
tield and Fairfield counties.

Flovida.—Production of stone ol any Kind in this State is limited to
the past few years. LThe value of the Ilimestone output in 1804 was
#30,639, and its use was divided about egually between the building of
Jjetties and burning into lime.

Georgia—Catoosa Connty yielded lime valued at 832,000, Ordi-
uarily, quite & considerable amonnt is uged for fluxing in blast lurnaces,
but much less was nsed for thiz porpose in 158 than formerly.

Tdulo.—A little limestone was converted mto 3,315 worth of lime
1 Kootenal, Bingham, Alturas, and Fremont counties.
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Allinois.—The limestone interests of this State are very large and
important, The total value of the ontput in 1804 was 82,555,052, Of
this amount $2,167,979 worth was used for building purposes. More
than half of the product comes from Cook and Will eounties, while the
rest is distributed among the following connties: Adams, Jersey, Madi-
son, Hardin, Kane, Pike, Kankakee, Hancoek, 8t Clair, Winnebago,
Rock Island, Henderson, Dupage, Randolpl, Union, Whiteside, Monroe,
Ogle, Stephenson, Kendall, Jo Daviess, McHenry, Greene, and Lasalle.

The following deseription of the Lemont and Joliet stone is taken
from the writer’s report in Mineral Resonrces for 1880-00:

The operations in Cook and Will connties, on necount of their magnitude, the
general exeellence of the stone produced, and the ease of qnarrying and working out,
deserve spacial mention, The region embraced by thess two counties is known gen-
erally as the Joliet region. It inclundes territory from abont 5 miles sonth of the eity
ol Johet to abont 10 to 12 miles north, taking in the towns of Lockport and Lemont
and running along the valley of the Tllinois River. Most of the gquarries are sitnated
on the banks of either the river or the cannl. The stone exists in layers at the sur-
face, yarying from 1 ineh to 8 inches in thickness. and growing in thickness with the
ingressing depth, until at abeut 25 feet it is found of a thickness varying from 15 to
20 inches, It is, howevar, rarely guarried below the 25-foot level, owing to the
expense of getting it ont and dressing it, since at that depth it is mueh harder,
althongh the quality of the stone is soperior o that in the upper levels, At the
depth of 25 feet the inflow of water materially adds to the expense of qnarrying.
The stone found al or near the surfies is ahnost valneless and is almost entively
thrown away in stripping the quurry. The next two-fifths furnish stone of sufii-
ciently good guality to be used for riprap, rubble, sidewalks, and curling, The
lust, two-fifths contain the best stone, namely, that used for boilding, 1t is gencrally
of w bluish-gray color. The exposed stone is of a yellowish color, from the effects of
the exposure to the atmosphers. It is also true that most of the Jolict stone turns
more or less yellow upon exposure, The beds are divided vertically by seaws voenr-
ring at somswhat irregular intervals of from 12 to 50 feet, nond continue with quite
smooth faces for long distances, and alse by a second set of seams ronning nearly at
right angles with the firat, bat continnous ouly between main joints, and occurring
at very irregular infervals, This structure renders the roek very ensily quarried and
obtuinable in blocks of almost any required lateral dimensions, The stone is easily
worked into required shapes, and takes a fine, siwooth finish, pud is susceptible of
being readily planed. This forms a very rapid and eheap method of finishing flng-
ging stones and preparing snch as are to receive s smooth finish on the polishing bed,
Enormons quantities of flagging stone are taken out, most of which goes into Chi-
eugo; Lut liminess with other cities is docidedly on the inerease, 'The finest varie-
ties are readily produced in forms which are capable of being turned ont by lathes.

The following is un analysis of Cook County limestone:

Analysis of Cook County, L., Huestone.

16 Gron, P1 4——32

SP BN
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The crushing strength of this stone is 16,017 ponnds to the square ineh; specific
gravity, 2.612. The stone obtained in the vicinity of the towns of Sterling, Morri-
son, Faiten, Cordova, and Porl Muron iy largely burned into liwe, This is true of
much of the stone all along the Mississippi River, The best grades of Alton stonc
Bbedome whiter upon exposure to the air, and some of it that has stood in buildings
for twenty to twenty-five years has become almost perfectly white, The gquarey at
the Chester (Illinois} 8tate prison is an immense Dluft abont 200 feet in height. 1t
has boen worked for ouly the past two or three years and is now turning out line
stone.  All work 18 done by the convicts,

Indiana.—Owing to the production of what is known as Bedford
oolitie limestone, this State is widely known as the most important in
the Union in its output of limestone for fine building and ornamental
purposes. The total value of the output of limestone of all kinds for
the year 1804 is $1,203,108, Three fourths of this amount is the value
of stone used for building, while the remainder represents the value of
lime made. The productive counties are as follows, in order of their
relative magnitnde: Lawrence, Huntington, Monroe, Decatur, Wash-
ington, Ripley, Owen, Clark, Franklin, Putnam, Wabash, and smaller
amonnts from Shelby, Grant, Carroll, Cass, Delaware, Howard, Black-
ford, Madison, Harrison, Jennings, Adams, IMloyd, Wells, Crawford,
Jay, Fayette, Miami, Randolph, Vanderburg, Wayne, and White.

The most productive portions of the State are the southern and
southeastern. The limestone of the State may, for convenience, be
divided infp three general elasses: First, the oolitic limestone, other-
wise known as cave limestone, from the namerons eaverns which are to
be fonnd seattered through it; second, the harder and mueh more erys.
talline varigty; and third, the rock which occurs in thin steata and whicl
is well adapted for purposes of flagging, ete, The oolitic limestone
extends in a southeastern direction from Greencastle, in Putnam
County. This stone is commonly known in trade as Indiana stone, or
Bedford stone. It is well known over a wide area in the United States,
and is an exceedingly popular building stone not only in cities of the
Weslt, but in BHastern cities as well. [t has been most extensively
(uarried at Stinesville, Ellettsville, and Bloomington, Monroe County,
and at Bedford, in Lawrence Counfy; but owing to the increased
demand for this stone, new quarries are being opened and extensively
worked af frequent intervals along the line of the Lomnisville, New
Albany, and Chicago Railroad from Gosport to Bedford, and these give
promise of rich and practically inexhaustible supplies. This stone is
almost exelusively used for building purposes, and it is the great pro-
duaction of this stone which enables Indiana to take second place
among the States producing limestone for building purposes, Tllinois
standing in the first place. The stone is characterized by its oolitic
character, and is comparatively soft when first removed from the
quarry, but hardens on exposore to air. The deposit varies from a few
feet to a great many in thickness, and itas practically free from fissures,
Solid walls 40 o 50 feet in depth, without a seam or fault of any kind
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from top to bottom, have alveady been revealed. It is easily gquarried
in bloeks of any size required, being eut from the solid mass by means of
channelers, Itissoft enongh to be readily sawed, ordinary steel blades,
with sand as the abrasive material, being used for sawing. Oceasionally
diamond saws are used with fine resulfs. For most part the stone is
fine-grained, but contains alse layers of coarser material in which shells
are easily recognized with the unaided eye. Operations in all quarries
produeing this kind of stone are conducted on the largest scale and the
machinery employed is usually of the very best.

The harder, more erystalline stone is fonnd in the eastern and south-
eastern parts of the Btate, principally in Decatur County, in the sonth-
eastern part. The quarries in general are rather small, there being
twenty of them in Decatur County alone. Some of the quarries are oper-
ated on a large seale.  On acconnt of its hardness this stone can not be
sawed. It is used quite largely for building purposes. In the northern
and northeastern portions of the State the stone is nsed somewhat for
building and street purposes,and in Huntinglon Connty it is largely
burned into lime. The great center of the limeindustry is at Hunting-
ton. The most important concern producing lime at this point is the
Western Lime Company. The produet has a widespread reputation for
use in building. On account of the flagging nature of the stone in fhe
more northern portions of the State, it is often quarried simply by aid
of a pick and bar, This is more especially true in regard to the north-
eastern sections of the State. In the northern, norfheasrern, and east-
ern portions of Indiana are a great many small quarries. A numberof
them seem fto be capable of more extended operations, but the lack of
railroad fucilities from the gnarries to the main lines of travel exerts a
retarding influence. The stone quarried at Greensburg, in Decatur
County, is deecidedly erystalling, and is susceptible of a high polish.
The thin-bedded stone in the upper portions of these quarries is used
to some extent for flagging.

The development of the oolitic or Bedford stoue is largely the result
of operations conducted within a comparatively few years. In a small
way it has been quarried and used for twenty-five years or more, but it
is within the last twelve years that the stone has been recognized and
appreciated by the larger cities of the Hast and West. 1t ocenpies at
present a very prominent position among the best building stones of the
country.

Jowa.—The total value of the limestone ountput in 1804 was
#616,630. As is evident from the following list of productive counties,
the stone is widely distributed. There are as yet few large operators,
but a large number of firms producing in eacli case npon a compara-
tively limited seale. The connties yielding the prodnet arve Jackson,
Dubuque, Cedar, Marshall, Jones, Scott, Lee, Clinton, and smaller
amounts from Des Moines, Madison, Decatur, Cerro Gordo, Dallas,
‘Wapello, Linn, Muscatine, Blackhawlk, Mahaska, Washington, Benton,
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Clayton, Pocahontas, Montgomery, Tama, Floyd, Adams, Mitchell,
Humboldt, Johnson, Jefferson, Clarke, Van Buren, IToward, Taylor,
Keokuk, Pottawattamie, Louisa, Webster, Allamakee, Sfory, and
Buchanan.

The following notes on Towa buililing stones, by Mr. H. Foster Bain,
ot the lowa SBtate Geological SBuryey, are of much interest, particularly
as indicating future possibilities in the stone industry of the State.
Although these notes are not entirvely confined to the consideration of
limestone, so much of the matter relates to it that it has been thought
best to insert them in the space devoted to Iowa limestone rather than
in any other connection.

NOTES ON IOWA BEUITLDING STONES.
By H. FosTEr Bar.

The work of the preseus Geologionl Suryvey of Iowa has not as yet extended over
the main stone-producing eonnties of the State, so that only very fragmentary notes
on the stonn industey are at present possible, The stone marketed from this State
is almost exclusively limestone. The Bionx guartzite, ocenrring in Lyon County,
has nover heen worked, except to furnish a few display and test bloeks. Excellent
gquurry sites, however, oceur over a nnmber of aquare miles. and there is an swple
supply of quartzite within the State for the support of a lurge industry, The sand-
stones oeenrring are in the main too incolerent to he of much value, Lmportant
excoplious, however, occur, smong which may be mentioned the Red Rock sand-
stone of the conl measures ocenrring in Marion Connty. The quarries here hove
been idle for a few years, but it is expected that work will be resumed shortly.
Similar beds occurring near Monroe, in Jasper Conuty, hove also been opened up,
and it is expeeted that the active work of development will begin this spring.

Within the year considerable sttention has heen sttracted to the “murble” beds
along the Cedar and Towa rivers. Extensive exposures near Towa Falls are reported,
and arrangements ace being made Lo open them up,  The Charles City bods, which
are the only ones ab present snpplying stone to the market, helong to the Devenian,
and represent the portion which has usnally been ealled the Hamilton, The rock is
n coralline limestone, and ogcurs in layers 8 to 30 inches thick, with o total thick-
nesg, so fur as known, of nhout 20 feet. 1t is a trifle harder than Italian marble, and
is rensonably free from the checks and seams so common in eolored warbles, There
is o great variely of volors displayed, the groundwerk being mostly buil, gray, blue,
or drab. Inlaid in this are masses of eoral, from 1 to 20 inches in diametor, exhilit-
ing very delicate coloring and tracing. A muantel madde of thiswaterial received hon-
orable mention at the Columbinn Lxposition.  The stone lus heen on the market for
severnl years,  The guarries and mills have recently passed into other hands, and
the business will be enlarged. Samples of the stone found near Towa Falls show
it to be similar to thet ot Charles City.

Linn Connty.—The chief quarries in tlis connty are in the Upper Silurion limestones
near Stone City, Waukee, and Monnt Vernon., The stone is exceedingly uniform
and is in color a warm-gray or plensing eream tint. 1118 so homogensous ns to be
readily earver and easily worked, being quite softwhen first taken from the quarry.
The bedding planes are so constant, smooth, and parallel as to require very little
dressing. 16 is dolowmitie, and contains very little impurity, These facts, together
with the fineness and evenness of grain, presenting uneven expansion, make it one
of the most durable of the limestones, Tn the Mount Vernon Cemetery, tomlstones
bearing dates as early a4 1845 show little deony, though varions marbles in {he same
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cemetery show the usunl loss of polish, checking, and cracks, indicating the prog-
ress of disintegration.

In the Crescent quarry nesr Stone City there is o total face of 60 feet of available
stone, the conrses running from 1 foot to 8 feet 4 inches in thickness, and ineluding
layers uvuilable for dimension, bridge, and rubble work, At Mount Vernon o switch
Lis recently been built to the quarries and an expensive quarry plnnt, including steel
derricks, channelors, and pl 8, hus been put in.  Borings Lere show a thickuess
of at least 50 foet n:t‘ availabla stone balow the base of the present quarry.

In addition to the larger quarries operated in the Mount Vernon heds, which are
the western continuation of the well-known Annmosa limestone, there are a number
of smaller openings in the various other formations exposed in the county. The
Devonian does not in this connty afford such good stone us slsewhere, and can hardly
compete as o building stone with the S8ilurian stone just deseribed, The Otia beds,
however, yield abundant snpplics of macadam, and are guarried for that purpose @t
Cedar Bapids. The Coggan beds (of the Silurian) have been used with good resnles
in bridge work.

Fan Buren County.—The rocks exposed in this county belong eutively to lhe Cur-
honiferous, both the Conl Measures and the Mississippian being present. The quarry
rock is taken from the latter. Both limestone and sandstone are obtained; the
former from both the Keokuk and St, Lonis stages, and the latter from the lower
portion of the St. Lounis, Aboul B yenrs agoe a considerable quuntity of stone was
quarried from the Keokulk lreds nesr Bentonsport and nsed for bridge work and rip-
rap. In the winter of 1883 amd 1884 about 1,000 yards were tiken oni and used to
protect the piers of the bridge at that point. Magnesian limestone from the St
Louis has been quarried and usml for dam work along the Des Moines River, and
wis used to some extent at the time the State capitol was built. There are, how-
ever, no quarries which support move than o loesl tesde.  In the upper divisions of
the 5t. Lonis, white limestone of good quality, running in conrses of 12 to 15 inches
in thickness, is obtained at a nomber of points. The * Chequest marble,” n com-
pact, dove-golored, fossiliferous limestone, susceptible of o good degrec of polish, and
which has besn used to some oxtent for ornamentul work, is found near Keosangua,
A block of this stone muy be geen in the Washington Monnment al Washinglon.

Mahpska Cownty.—The quarry industry of this county is not great, o faet duein
part to the poor quality of the atone exposed, and in part to the sreat amonnt of
capital nbsorhed by the coal interests, together with the active competition of the
elay interests. At present only a few quarries are open, they being worked for loeal
trade. The limedtone of the 8t Lonisstage is exposed along the major streams, and
is opened up near New Sharon, Union Mills, Fremont, Peoria, Given, and on Spring
Creek, northeast of Oskaloosa. It yields a fine-grained, ash-gray to Inff stone,
brenking with a sharp conchoidal fracture and ronning in conrses of from 6 to 24
inchies. This stone is used for foundations, well curbing, and similar purposes, hring-
ing from $2 to 33 per perel.  Ouly about 900 fo 1,000 perch are quarried each year.
The Conl Measnres contain several heavy standstones which are not as yob useild. At
Raven CHIT, on the Dus Moines River, (here is an excellent face of this stone extend-
ing along an old arm of this river nearly 2 miles. The bed is over 90 feot thick, and
shows single precipitous faces of more than 50 feet. The stone is ¢lear and howme-
geneous, of pleasing calor, and apparently of good strength., There is o railway
within about two miles.

Keokuk Connti.—All the formations exposed within this counity yvield more or less
quarry rock. By fur the greater portion, however, comes from the St Lonis limo-
stone. The Coul Measures here, as in the neighboring regions, contain more or less
sandstone, but with the exception of the heavy beds south of Delta, which hayve
Been used @ little for (he construction of o dam and as foundation stone, this forma-
tion is not productive. The St. Lonis contains the usnal thin-bedded, ne-grained,
ash-gray limestones, and has been quarried for local purposes at a namber of points
near What Cheer, Delta, Sigourney, Hedriek, snd Rielhlsnd, Near Atwood the
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Chieago, Rock Island and Pacific Railway operated o quarry for some time, mainly
for ballast. The greater portion of the rock is too irregular to admit of quarrying
om a large seale,  The lower magnesian portion of the St. Lounis ocenrs, nnd yields
aome stone of pood gquality. By far the best rock in the county oeeurs below the
Bt. Lonis in the Augusta beds, This is a coarse, suberystalline stome, in il blus,
and white ledges, Tt is enerinital, and takes o fuir degree of polish, It is readily
accessible along Rock Creek near Ollie, where o switeh from the Town Central Rail-
way leads to the quarrics. The stone is not now shipped, but arrangements are
being made to reopen the property.

Washington County —This county yields stone from all three of the major mem-
bers of the Mississippian series.  The priveipal gnarries are located near Brighton,
and supply stone from the 8t Lonis,  The ledges quarried belang fo the npper beds of
this stage, and run in courses from 8 inches to 7 foet.  The heavier and lower lodges
are not now taken ount, as they are badly water-conrsed.  The stone marketed is
used for bridge and rubble stone, as well as paving flags. Tt is of exeellent qualizy,
but the number of ledges which ure suitable for qumrying is limited. Novthwest
of Washington is o small group of guarries on Crooked Creek. The stoue belongs
to the Augnsta formation. 1t is o coarse encrinital limestone, of great durability
and of very pleasing tints.  Quite an Lnportaut loenl trade is sustpined,  Swone from
siuivalent ledges is quarried a little in the northern part of the connty, near Day-
ton and south of Riverside. An impure magnesian limestone belonging to the
Kinderhook oceurs along English River and its branches, and is quoarvied loeally,
1t i8 apparently vory soft and worthless, but is really mueh more durable than might
be gupposed from its appearance,

Lea County.—The limestone of the Lower Carboniferons and the sandstones of the
Conl Measures are exposed throughout Les County, and are quarried at many points.
The Burlington, Keokuk, and £t. Louis heds yicld the greater amountof stone,  The
Conl Mensures yield at several points a goft, more or less ferruginons, eonrse grained
sandstone, which is used Lut litkle, The Burlington beds ave made up largely of o
enarsg encrinital limerock, varying in eolor from hrown to white, 1t is very durable,
easily quurried, aml readily dressed,  The Keokuk limestone is, as o rols, & compact,
rather hard, often suberystalline roek, of au ashen or bluish eolor. Its fracture is
even, spproaching conchoidal. The quarry rock of the upper part of the Keokuak,
sometimes called the Warsaw, is ehiefly a magunesiasn limestone containing some sand
aud pebibles, 1t is quarried at Sonora on the east side of the Mississippi, and is
Tnown lueally as the Sonora sandstone. It ocours in a massive luyer 6 to 12 foet in
thickness, is bluish or brownish when first taken out, bul afier exposure turns to
buft’ or light brown. It has been quite extensively used at Keoknk, and has proven
very durable,  The 56, Lonis limestone is o fine-grained, compaet limestone, of blue
to gray color, breaking with a marked conchoidal fraecture, snd resembling litho-
graphic stone in pppesrance.

The principal quarry industry of the connly is eenteved aronnd Keokuk, where
there are a number of large and well-worked openings, mainly in the Keokuk beds.
Quarries nee fonnd nlong the Mississippi, from Keokuk to Montrose, and along the
Des Moines, from Croton to Sand Praivie. A numbérof smaller openings are located
on Sugar Ureek near Pilot Grove and Franklin,

Diea Moines County.—Thia eonnty affords quarry roek from the same beds as Leo
County, and iv addition a certain amount of stone is taken from the Kinderhook.
Thae latier containg o thin bed of oolite, whicliis readily scecessible and easily worked,
It will not, however, stund well in exposed positions, and is of small value, By far
the larger number of quarries in the county draw their snpply from the Upper Bur-
lington beds.  These heds underlie abont one-fourth of the county, and streteh out
in & broad beit parallel to the Mississippl River. The rock is massive and compuet,
and varies in color from o pure white to shades of gray and buff, It is of excellent
quality.
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‘Ihe quarries are Tocated near Burlington, on Flint River and Knotty Croek, along
the Mississippi, at Cascade and Patterson, sud near Augusta, on Long Creek and
Bkunk River. A considerable expansion in the gnarry industry of the county may
bo expoeted.

Allamaker County.—This connty is one of the few counties of Iowa which arenot
covered by heavy drift deposits.  There are aceordingly a large number of exposures
anil exeellent quarry sites, though the rough topography of the county hus made
railroad builiding expensive, and teansportation facilities nve accordingly limited.
T'he beds ex posed represent the 2t Croix stage of the Cambrisn, and the Oneota, St.
Peter, Trenton, and Galena stages of the Ordiviesn. ‘They all yield more or less good
quurry stone.  The St. Croix beds are quarried a little at Lansing, at a level ahout
100 to 125 feet above the river, The rock taken out hore comes from frmmedistely
helow the caleareons shale luyers, which, in Minnesota, have been called the St. Low-
renee limestone, Tt is a sandstone in which the grains of silica are eemented with
caleinm carbonate. The beds are exposed at numerons puinis aloug the Oneota Val-
ley. bt the Bt Croix yields comparatively Tittle stone.  The Oueota limastone yields
quarry tock from several horizens. At New Albin, Lausing, Harpers Ferry, and
other points along the Mississippi, a fine-grained, even, and regularcly bedded dolo-
mite; in layers varying from 3 to 36 inches, is quarried. The workable beds have an
nggregate thickness of about 30 feet. In the northwestern part of the eounty the
Bedds are finer grained, more compact, and furnish a stone whieh for fine masonry is
uot excelled by any stone in the Missisaippi Valley. Bmooth-surfaced slabs, 10 or 15
et in length and almost equal width, may be seen at numerous points.  The stone
stands weathering influences excellontly.  The beds of the Onesta above this hori-
zon, while yiclding some good stone, rarely afford the opportunity for extensive
development.

The Bt. Peter sandstone is nsually @ bed of nneonsolidated sand. At a few points
only the particles have been cemented by siliceous or ferrnginons eetnent, so as to
Lie available for building stone.  ‘The I'renton limestone, while in part of excellent
churucter, is not in this connty suffieiently regular in character to supply more than
losal demands. A thick-badded, yellowish limestone, resembling dolomite in appenr-
ance, aud belonging to this formation, is quarried in the head of Paint Croek, near
Wankon., About 75 fest above the base of the beds a thin-bedded, fine-grained,
dark-gray to slate-colorad stone has been quarried in the sume vicinity, It does
not, however, stand the westher so well as other stone in the connty, and requires
the handling of considerable rublbish. The Galens limestone is not gquarried in
Allamakee Connty, thongh it supplies n good quality of stone in the neighboring
portion of Clayton Connty.

Rovk taking a high polish and atfording suitable material for ornamental purposes
is thken from the Trentou, Ib is w compaect limestone, made up of fagments of
brachiopods and hryozouns, cemented with what was originally a fine ealcareons
mnd, A1l the pores and interstices of the original rock and of the fossils have
become filled with caleite, and very good effects may he obinined by its use,

Kansas.—The value of the product in 1894 was $241,030. Most of
this was used in building and road making. The following are the
productive eounties: Cowley, Leavenworth, Marshall, Chase, Ripley,
Butler, Lyon, Wyandotte, and smaller amonnts from Marion, Atehison,
Wabannsee, Shawnee, Washington, Johnson, Russell, Dickinson,
Franklin, Morris, Elk, Brown, Dounglas, Republic, Pottawatomie, Cof-
fey, Anderson, Jelferson, Ness, Montgomery, Jackson, Harper, Sumner,
Ellsworth, and Osage. The stone is pretty well distributed over the
eastern portion of the State. Most of it, however, comes from the
vitinity of Atehison. Leavenworth, Topeka, and Fort Scott.
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Maine—All of the limesfone quarried in Maine is converted intolime.
The value of the lime output in 1894 was #3810, 089, This figure iz lower
than it has been for several years previous. Many complaints relative
to business depression were made by the lime producers, The prodoct
eomes mainly from Knox County, but smaller quantities are produeced
i Waldo and Penobscot counties.

The stone is almost inexhaustible in quantity and is adinirably
adapted to the purpose for which it is nsed. Operations of quarrying
consist simply in blasting by means of dyuamite, which breaks the
stone up at once intn sizex soitable for use in the kilng, 16 13 then
hoisted ount by means ol improved cables and muachinery and sent
directly to the limekilns, which are favorably situated lor transporta-
tion by water. 'he stone is partially ceystalling, but very coarse-
grained.  Fine erystals of calcite are very nmmerous, and gypsum also
ocenrs, The operations at the gnarries near Rockland are all below
the surface of the ground, The fuel used in the kilns is entively wood,
which 1s imported from Canada. The stone produced for burning into
Inne is not measured as such, but is measured only by the guantity of
lime produced from it, so that in speaking of the amonnt of stone quar-
ried the producers name the amount of lime obtained from it, and the
unit of measurement is a bushel or barrel of lime, The lime produeced
aft Rockland is of fine character and 18 the standard lime of New York
City, fo which it is shipped in enormons gnantities.  Boston also forms
an mmportant market for the produet,

Maryland.—The result of an exceptionally eomplete canvass of the
limestone-producing sections of this State have revealed a much greater
activity in limestone and lime produetion than bas hevetofore been sup-
posed fo exist. Frederick Connty yields two-thivds of the entire out-
put; the rest comes from Baltimore, Allegany, Washington, Carroll,
and Howard counties. The valne of the produetin 1894 was $672,786,
almost all of which is the value of lme made,

Massachusetts.—The valne of the produet in 1894 was $105,982. Most
of the stone is converted into lime. The output comes from DBerkshire
County.

Michigan.—The value of the output in 1804 was $336,287. The pro-
ductive connties are Monroe, Turon, Wayne, Charlevoix, and Alpena.
Most of the produet was used for building and road making, The
industry has grown quite markedly since 1889,

Minpesota.—The great bnlk of the limestone output of Minnesota
comes from quarries in the southeastern part of the State, where the
cities of St. Panl and Minneapolis form important ountlets. The value
of the produet in 1384 was #201.263. The productive connties are
Lesuenr, Hennepin, Blue Earth, Ramsey, Goodhue, Winona, Wabasha,
Lice, Dodge, Houston, Brown, Fillmore, Olmsted, and Scott., The
produet is used largely for bnilding and street work.
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Missouri—The value of the limestone and lime ontput in 1894 was
578,802, The corvesponding figure for 1890 was $1,859,960, There
has thus been a very decided falling oft' in production, The preductive
connties are St. Louis, Jackson, Marion, Greene, Buchanan, Dade, Pike,
Juasper, Perry, Clark, Mercer, Lawrence, Callaway, and smaller amonunts
in Jefferson, Lewis, Wright, Cape Girardean, Livingston, Andrew, St.
Charles, Macon, Clay, Pettis, Cole, Linn, Caldwell, Sullivan, Randolph,
Ray, Harrison, Monroe, Saline, Boone, Ienry, Dekalb, Webster, and
Nodaway, DBy far the most important county producing limestone is
8f. Louis County. Many quarries in and around the eity of 8t. Louis
are operated. The stone is used for purpeses of heavy eonstruction,
sneh as bridge and railroad masonry, building. paving, macadam, rip-
Tup, and the mannfacture of lime, It 1s of excellent quality and shows
great strength.  Tn some of the quarries steam drills are in use, but in
wost of them the old methods are adhered to. The manufacture of a
superior quality of lime in 8t. Louis has grown to be a large indnstry.
Most of the kilns arve located just outside of the city limits, They are
well equipped and numerous. The product is almost entirely used in
St. Louis.

Analysix of Marior County, Mo., limestone.

[By Regla Chauvenet & Do,
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These chemists state that this is the purest sample of limestone they
have ever analyzed, leaving nothing to be desirved for whiteness and
purity.

Montana—The value of the product in 1804 was 802,970, about
equally divided between building and lime burning, The product comes
from Jefferson, Cascade, Deerlodge, and Park connties, :

Nebraska.—The limestone industry in this State was at a very low
abb in 1894, the produet being valned at only #8228,

New Jersey.—The value of the total output in 1804 was %193,523,
Most of this amonnt represents the valne of lime made. The produe-
tive eounties are, in order of importanee, Sussex, Hunterdon, Warren,
Morrig, and Somerset.

New Mevico—The output in this Territory is so small as to eall for
no special comment.

New York.—The total valne of the limestone ountput for 1894 was
$1,378,851, divided equally between building and road making and
lime. The productive counties are Onondaga, Westchester, Warren,
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Rockland, Washington, Madison, Schoharie, Ulster, Herkimer, Erie,
Dutehess, Clinton, Albany, Fulton, Monroe, Columbia, Genesee, Niag-
ara, Orange, Saratoga, St. Lawrence, Wayne, Rensselaer, Cayuga,
Lewis, Montgomery, Orleans, Jefferson, Oneida, Seneca, Yates, Essex,
and Greene,

Ohio.—The total value of the limestone produnet for 1804 was
81,733,477, about equally divided between lime and building and road
making. The industry has long been an important one to the State,
and the quarries are distributed over a large area embraced by the fol-
lowing counties: Ottawa, Sandusky, Stark, Erie, Clark, Miami, Mont-
gomery, Wood, Franklin, Scneen, Luecas, Preble, Hamilton, Allen,
Haucoek, IHighland, Greene, Hardin, Lawrence, Wyandot, Butler,
Delaware, Muskingum, Scieto, Shelby, Van Wert, Logan, Guérnsey,
Jackson, Putnam, Clermont, Crawford, and Clinton.

Lennsylvania.—Production of limestone in this State is active; in
fact, the value of the output for 1894 exceeds that of any other State
in the Union. Fonrimportant nses, namely, building, lime, road malk-
ing, and blast-furnace flux, unite in placing this State at the head of
the list in consumption of limestone. The total value for all parposes
in 1804 was £2,625,562, The value of the lime produced was 1,743,947 ;
stone used for building and road making, 8547,990; flux, $333,625. In
addition to some very large producers, there isa large number of small
producers of Jime, whose output in toto amounts to a very considerable
figure. The productive counties are Chester, Montgomery, Lawrence,
Northampton, Bedford, Lancaster, Berks, Lehigh, Union, Blair, Dan-
phin, Lebanon, Northumberland, Lycoming, York, Westmoreland,
Adams, Frauklin, Bucks, Somerset, Mitflin, Butler, A rmstrong, Hunt-
ingdon, Colnmbia, Cumberland, Monroe, Montonr, Warren, Rchuylkill,
Beaver, Mercer, Washington, Allegheny, and Clarion.

Rhode Island.—The limestone production in this State amounted to
§20,435, all of which was the value of lime produced in Providence
County.

South Carvlina.—Lime to the value of 325,000 was produeed {rom
limestone in Spartanburg County during the year 1594,

South Dakota.—The limestone industry in this State does not as yet
amount to a great deal. A small quantity was produced in Custer
County during the year 1804,

Tennessee.—The limestone industry in Tennessee has increased quite
notably since the year 1839, when the output was valued at 73,028,
In 18894 the total ontput reached a value of 138,664, Somewhat more
than one half of this represents the value of lime made; the remainder
was deveted to building and road making. The productive counties,
in order of their importance, are Davidson, Honston, Dickson, Franklin,
Colbert, Hamilton, James, Moutgomery, Maury, and Hickman.

Teras,—There appears to have been quite a falling of in the limestone
industry of Texas. The total value of the output was only 41,526,
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Most of this went for building and road making, The productive
counties are Coryell, E1 Paso, Bell, Williamson, Travis, Hood, Gray-
son, Hamilton, Lampasas, and Mills.

Utah.—In Sall Lake and Sanpete counties $23,696 worth of limestone
was produced in 1594, This was equally divided between lime and
building purposes.

Vermont.—The value of the total ontput in 1894 was 408,310, This
was almost entirely converted into lime, which was valued at $407,730.
The product was taken from quarries in Addison, Franklin, Windham,
Chittenden, and Windsor counties.

Virginia.—The produoction of limestone in this State has increased
quite noticeably in the last few years, The valueof the ontput in 1504
was $284.547, A comparatively small quantity wasg used for blast-
furnace tlux, while the remainder was equally divided between lime and
building and read making. 'The most important counties are Botetourt,
Warren, Alleghany, and Shenandoah. Very mueh smaller quantities
were produeed in  Loudoun, Roanoke, Montgomery, Wushington,
Aungusta, Frederick, Pulaski, Giles, Rockingham, and Tazewell coun-
ties.

Washington.—Three connties in this State yielded, in 1894, an out-
put valued at 859,148, This was almost entirely converted into lime.
The prodactive connties were San Juan, Stevens, and Whitman,

West Virginia.—TFrom Berkeley, Jefferson, Greenbrier, Monroe, and
Tucker counties, a produet valued at 43,773 was quarried. Most of
it was converted into lime,

Wisconsin.—The limestone industry in Wisconsin has become one of
considerable importanee. The output in 18394 was valued at a totul of
JT98,406.  OFf this amonnt 581,971 represents the value of lime made,
The remainder was consumed for building and road making, The
productive counties are as follows: Calumet, Fond dun Lae, Manitowoe,
Dodge, Jefferson, Milwankee, Ozaukee, Brown, Towa, Door, Monroe,
Outagamie, Racine, La Crosse, Dane, Grant, Green, Kewaunee, Colum-
bia, Buffalo, Oconto, Waunkesha, Washington, ock, Sheboygan, Wal-
worth, Trempealean, St, Uroix, Shawano, and Waupaea,



