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By Wirnram . Dav,

INTRODUCTION,

The replies to inguiries addressed to the individual quarrymen of the
United States have been exceptionally complete and full, and it is upon
the information thus gained at first hand by direct correspondence with
the producers that all important conelusions in the report are based.
Unusual promptness in replying has also been shown. Some quarry-
men have even sent in the usual reports unsolicited, thus showing a
gratifying spirit of cooperation in the difficult taak of publishing
promptly the data secured. The importance of prompt replies can nob
be overestimated in work of this kind, and it is hoped that in fuoture
the few producers who need second, ami sometimes even third, remind-
ers, will, in the interest of prompt publication, make an effort to avoid
unpecessary delay in mailing their returns.

ACENOWLEDGMENTS,

‘While the individual returns from quarrymen constitute the most
important source of information used in this report, the following tech-
nical journals have been eonsulted, and the valne of information obtained
from them is hereby acknowledged: Stone, of Chicago; The Monu-
mental News, of Chicago; The Granite Cutters’ Journal, of Baltimore;
The Stone Trade News, of Concord, New Hampshire; The Mining
Industry and Review, of Denver, Colorado; The American Slate Trade
Journal, of Bangor, Pennsylvania, and The Journal of the Franklin
Institute, of Philadelphia.

In addition to these there are many other technical papers which
have heen of occasional assistance, Speeial acknowledgments for nse
of publications in the above and other journals are made in the proper
places in this report. o
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VALUE OF STONE TRODUCED IN 1896 AND 18907,

The following table shows the value of the different kinds of stone
produced in the United States during the years 1806 and 1897:

Falue of different linds of stone produced in the United States during the years 1895 and

1857,
Einid. K96, 1807,
GIANIE ©.oesvennceeaecennanas W L] #T, 044,994 | 8,905,075
Marhle. to-eo ma r Dl Tl e iy 2,859, 136 3, 870, 584
Slate: sesmnrnr sz R S R S e 2,746, 205 &, 524,614
W.---.....‘.-;..‘..h--i.--..'... R &,ﬂﬂﬂ,m ‘,0&,“5
Limestone........... BN | 13,022,687 | 14,822, 661
I kT R e e S R s 750, 000 @900, 000
WOTAY. <. oo vas < sonn fepennns sevmbrmssd) S, BUGITL | 88,088,870

@ Matimativd,

This table shows that the production of all the various kinds of
stone lias undergone a substantial increase. The reason for this is
nnquestionably that the financial conditions in general have improved,
and a return toward prosperity is emphatically indicated. This im-
provement is not characteristic of all producing regions alike, since in
some of them the wave has not as yet made its appearance; but, as in
times of panie or depression, some indnstries feel the effects some time
after they have been disastrous in others, these are also likely to be
behind when recovery is again inaugurated.

VALUE OF STONE PRODUCT IN 1897, BY STATES.

‘The following table shows the value of the various kinds of stone
produced in 1897, by States:

Value of various kinds of stone produced in 1897, by States.

; IMm Murble, i-hm_ Total,

efeeereeesal  $221,811 | g224811
- = A, 202 47,883
o b 178,410 | 1,150,229

: 18,889 18,889
508,076 | 42,000 | 1,006,076

00| 15588 20,438
1,483,167 | 1,407,407
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Valur of various kinds of stono produced in 1807, by States—Continied.

. Htate. Granite, | Sandstome.|  Blute.

LnlAR mens s nrem e lvemeeaenneel $35,601

$200, 117 |-
59, 450

Vi 605,813

3,504, 614 | 8,870,584 | 14, 822,061 | 35,188,570
......................... ieneaoasd| 00,000

Flawanansasmeh]ras uansnssalen wereaaeaes] UL ORE 879
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Coefficient of expansion = 0.00000461 per inch.

The following is a statement of mechanical tests made at the Water-
town Arsenal by Maj. J. W. Reilly on the granite quarried by the
Rocklin Granite Company.

Testw of granite from Rocklin, California.

[Tests by compression, granite cubes, pyramidal fractures.|

Dimensions. Tltdinate strength,
Noor | sarks. _ DMneL S R
R Helght. oxm prossed i Total, n_‘;;"*.
Ineher. | Imcher. | Inchen. | Sq.inches. P . FPounis P 1

2819 ([ No. 1| 3.96 38.96| 3.96 15.68 | 332,000 | 842,100 | 91,817
9820 | No, 2 8.94 8.07 8.06 15,72 | 820,000 | 840,900 | 21, 686
0831 | No, 8| 8.86| 8.96| 807 15,72 | 271,000 | 811,400 | 19,800

The value of granite produced in 1897 was $44,284. This is a slight
increase over 1896, i <N,
CONNEOTIOUT,

Production fell off from a valuation of 794,325 in 1806 to $616,215
in 1897. This decline was due to the fact that very much less break-
water stone was quarried for Government use in 1897 than in the pre-
ceding year. But for the decline in this item produetion would have
incrensed, as business was bett.em in & number of the producing locali-
ties in the State.

The following data relative to granite quarried by Mr. Henry Gardi-
ner, at Millstone, are submitted. The tests were made by General
Gillmore in 1875,

Crushing strength determined with Z-inch cnbes. Total strength,
75,000 pounds, This is equal to 18,750 pounds per square inch, Spe-
eilic gravity, 2.706,

The following tests of crushing strength of granite qumied by the
Booth Brothers and Hurricane Isle Granite Company at its quarries
at Waterford, Connecticut, were made by Mr. Ira H. Woolson, E. M.,
of Columbia University, New York Uity:

Crushing strength of granite from Waterford, Connectiout,

[Two-inch cabos tosted. |
Tnchas. Bq. inches. | Pounds. Poupds, | Pounds.
1575 | 2.1 high x 2.00 x 198 .....|  3.96 | 65,000 93,100 28,510
1576 | 2.008 high x 2.08 x 2.01...|  4.08 | 92,000 97, 600 23, 021
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The following analysis of the same granite was made by Messrs.
Ricketts aud Bunks, of New York City:

Analysiz of granite from Walerford, Conneoticut,

Por cent, ‘

Bilios, B0 . cueesacrnessansseoranmasanmans —mns 8, 11

Al A0S s e s U R 14. 28
Ferrous oothle, o0 o ovr v s wenennenas| 2,63 ‘
BB v 0 e e e e e B 1.86 |
Mupreai, MElh oo, covanisnesasina v ey .65 |
BB T o, s ah it b e sk Aaa s SR Ad S|
Oxide of potassinm, KiO..oooooooo o ooooa. 5.46 |

Oxide of sodinm, NasO .. oo onnn i aaeas 6.57
¥ S e e e e e e e 99, 03 ‘

DELAWARE,

A large increase in production was realized in 1397, in this State;
that is, from $67,775, in 1890, to $272,409, in 1397, This is very easily
explained for the reason that a large quantity of breakwater stone for
Government use was quarried in 1897,

The following tests and analysis were made by Mesars, Booth, Gar-
rett, and Blair, of Philadelphia, on the gneiss quarried by the Brandy-
wine Granite Company, of Wilmington, Delaware:

Analysis and tests of granite from Wilmington, Delaware,

Per cent.

Loss on ignition, i. e, organic matter and
G T o e R 0.30
B L e S e P e e e 67 98
T T e e e e e e 16. 14
Forronuoxide, P80, ... niceeen st 4.59
D R eiores v v i s s et e aias S 5,809
Magneain, MPO. ..o rsncrnrac i rnmmssaanne .53
Oxide of ani].ium,'.Nqu_...___.___‘____.-“__.. 4.32
Oxide of potassinm, KiO . .cnesiiiaii oo s A5
ok S T e e re e e 100. 00

|

Specific gravity = 2.77.

Crushing test: On natural bed No, 1, 2 by 2 inches equals 4 square
inches, at 100,300 pounds, equals 25,075 pounds per square imch.
Aecross natural bed No. 2, 2 by 2 inches equals 4 square inches, at
99,000 pounds, equals 24,750 pounds per sqnare inch.
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~ Average: 24,913 pounds per square inch.
Absorption of water: Weight atter drying twenty-four hours at 2120
F,, 1.20 pounds. Weight after immersing twenty-four hours in distilled
water, 1,20 pounds. Water absorbed, 0.0 pounds or 0.0 per cent.

GEORGLA.

Production inereased from $274,734 in 1806 to $£436,000 in 1897,
COonditions were quite snbstantially improved.

A crushing strength test made at the Washington (D, C,) Navy-Yard
on six 2-inch cubes of granite quarried by Mr. John Bradley at Lithonia,
Georgia, gave a mean of 85,467 pounds, or 21,367 pounds to the square
inch.

IDAHO.

Very little was accomplished in granite production during the year,

Amghtﬂwmmmptndmebwwm the year 1807; the
total value of output in 1896 was £1,195401; in 1897, $1,115,327.
Some of the individual reports indicate better prospects for 1598,

The following analysis of the granite quarried by the Blue Hill
Granite Company, of Blue Hill, Hancock County, Maine, was made
by Mr, Henry J. Williams, chemist., of Boston, Massachusetts.

Analysis of Blue Hill, Maine, granite.

Per cont,

WA TR0 it e i e e s 0.97
BElion, Bih .ot s i e e T4.64
Ferric 0xide, Fe:0n - covoeeamemns oo aeennnn 1.56
Aloming ALy - oot aiiise smsavsassniaraass s ansd 14.90
Lime, Cu0.......- e e v = et .89
MAEROE, MIOD . e cr s rnenatiomsriontace mnns Trace.
Potessium oxide, Ka0...ooceooaris iadansvninas .88
Sodium oxide, N8.0 ..coviimaeaiioisimmsaanss A1
R 89.05
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On the basis of this chemical analysis the chemist estimates the
mineralogical composition as follows:

Composition of granite from Blue Hill, Maine.

Per cent. ‘
N e e e R L 35
2o L R e e 10
L8 21151 3 55 |
R e st ot SO A L 100 ‘

The following tests of granite quarried by Messrs. 8. L. Treat & Son
at their quarries at Millbridge, Maine, were made at the Watertown
Arsenal under the direction of Maj. J. W. Reilly:

Teste of granite from Millbridge, Maine.
COMPRESSIVE ELASTIC PROPERTIES,

[Sectional srew, 4112 3 6.700— 25.00 square inches.  Guuged length, 20¢,]

Applied loads. T ganged loogth.
T L —an Romarks,
I Tutal. P"’Th:-]c nm Compression. Bot.
Pounds. Pounds. Tnch. Tnoh,
2, 50D 100 0, 0. Initial load.
25, (90 1, 000 L0023
50, 180 2, 000 04T
74, 270 3, 000 oL Doigs
100, 360 4, 000 R
125, 4560 5, 000 L0108
100, 360 4, 000 . 008G
75, 70 3, 000 L0069 Modulus of elastieity E=
51, 180 2,000 L0050 , 800, 000.
45, (90 1, 000 D30
2, 509 . 100 + 000R
25, 080 1, 000 2 0027
50, 180 2,000 L0045
75, 270 3, 000 0BT |eceeasivnnas
100, 360 4, (100 R e e
125, 450 5, 000 AL R (S
100, 360 4, 000 JOUBY: IR enen
5, 270 3, 000 HLLE | R
] o, 180 2, 000 S, L R
25, 090 1, 000 1.1 1 .
2, 509 100 Herscavasassl = SI0008
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Teats of granite from Millbridge, Maine—C,
LATERAT, EXPANSION.
Guuged length, 5.5,

Applied louds,

IR Compression. | Set. g+

0,

125,450
2,509

"

125, 450
2,509

2,500 w0 | o

00055 S
Saem e e vw:t

‘Ratio of lateral expansion
o longitudinal compres-
sion, 1 to 6.8,

Bpin. | Pounds,

Founds,

4516 | 43,800

One.

TRANSVERSE TESTS.

Tltlmate si

b

b

" | Breadih.

Deepth.

Totul.

o

Reomarlss

Tnehes.
801 412
424 4.13

Inches.

6,00

6.08

10,540
10,320

Pounda,
2, (69

r

2,027 | Had been previonsly exposed to hot
and cold water haths anﬁng ob-
servations made on tho coeflicient
: of expunsion by heat.

Goeflicient of expansion 00000400 between 320 and 2129 F,
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The following tests of granite quarried by the Maine and New Hamp-
shire Granite Company at their quarries at North Jay, Maine, were
made at the Watertown Arsenal under the direction of Maj. F. W.
Parker:

Test by compression of ved granite from Novth Jay, Maine.

Test Dimenslon compressad | Sectiofal | ., Ultimats ‘ Strength |
pmnbir, Halght. surfuue.p Arv, First crack, total. | lml;;é’i:m|
—_— == e — i i
| Inihes. Tnehes. | Tnehes. 8q. inches. | Panpds. Foundy. Pounds, '

4541 | 3,02 3.00 8.00 9. 00 | 196,800 | 201,300 | 22,367
| |

Pyramidal fracture.

Test of white granite from North Jay, Maine,
[Compressed surface faced with plaster of paris.]

Reetional area, 6.18 inches x 6.00 inches — 37.08 square inches,
First eraclk at 583,000 pounds = 15,722 pounds per square inch.
Ulfimate strength, 604,800 pounds = 16,310 pounds per square inch.
Pyramidal fracture,

The following report on the same granite was made by Prof. J. H.
Wolff, of Uambridge, Massachusetts:

REPORT ON STONE FROM NORTH JAY, MAINE.

'he analysis of this stone is based on two pieces 4 x2x 14 inches, of
wiich one was used for chemieal analysis, the other for the preparation
of thin slices.

The rock as seen by the eye is an even-grained, white granite com-
posed of white feldspar, quartz, plates of black mica (biotite), and white
mica (muscovite), with a very rare small grain of red garnet. It has
a perfectly even, massive structure without any visible line of structure
or weakness. The scientific name of the rock is biotite-muscovite-
granite.

Thin transparent slices of the rock were prepared and studied under
the microscope, by which even the smallest impurities ean be detected
and the eonstituent minerals determined and the degree of freshness,
absence or presence of cracks, ete., can be seen,

The following minerals compose the rock:

Composition of rock from North Jay, Maine.

Potash feldspar (orthoclase).
Potash feldspar (mierocline).
Soda (lime) feldspar (plagioclase).
Dark mica (biotite).

Light mica (muscovite).

Quartz,
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Garnet and some small aecessory minerals always presenb in granite.

All these minerals are entirely fresh, and even the feldspar, which in
many good granites is clonded or whitish, owing to partial decomposi-
tion, is here entirely clear. The biotite is fresh and so is the garnet.
There is hardly any magnetite in the rock and no earbonate and no
pyrite, so far as could be seen. The grains are free from fractures which
conld possibly allow the moisture and frost to enter the rock and canse
disintegration, A eareful search was made for pyrite in the piece of
rock and in the thin slice, but it was not found. The following analysis
of the rock has been made by Mr, E. T. Rogers:

Analysis of granite from Novth Jay, Maine.

Per cont.

Silica, 8105 ... M e s 7L 54
Titanie oxide, Ti0y, and iron peroxide, Pe. 0, .78
Alnmina ATOe s e sty 424
Fortic oxide, Fouy cyceaiiooimeessicsrwaysias !
Ferrous oxide, FeO..... .. T Y L P 1.18
Tiime; CaDite vak 14 Pageirisds vaaa s ot 0%
Magnesia, MgO. ... .. SRS .34
P T e RO e 5.59
Prbal, Rl .. npoe 0 DL T 1L g BT 1.73
Water (atred heat). . ...c.oiicmentnns ianaas .61
Bulnhnr B e e e I'race.
CREDON ORISR 0k o st et s s ca e Trace.
i IS TR ot et oot R 00

This is the proper propertion for an average fresh granite of this
mineral eomposition, ghowing a per cent of ferrie iron below the aver-
age and of water below the average. As the water in granite is prin-
cipally due to the decay of the feldspar and is an index of this decay,
this low per cent bears out the previous statement as to the freshuess
of the feldspar. The ferriciron is an index to the amount of magnetic
iron oxide present in the rock, and shows a very small amonnt, As
this sometimes produces spots in time, its absence is very desirable,
The trace of sulphur may be due to pyrites, but it has not been pos-
sible to detect any, and if present it must be of little importance.
The cause of decay in this elass of granites lies generally in the feld-
spar or in minute fissures penetrating the minerals. Easily soluble
substances like carbonate of lime are bad, and grains of pyrites cause
iron stains.

So far as this kind of an examination ean go, this rock is exeeption-
ally free from visible defects, and the microscopic and chemical analyses
confirm this,

e, el i e
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MARYLAND,

The ountput in 1897 differs very little from that in the preceding year.
The figures for the two years were $251,108 for 1896, and £247,948 for
1897. Although there was a slight decrease, producers speak much
more cheerfally than in 1896,

MASSACHUBELTH.

This State is now, and always has been, the leading State of the
eonntry in granite production. Production inereased from $1,656,973
in 1896 to $1,736,069 in 1897,

The decline in the production of paving blocks, which has been going
ou all over the country during the past few years, has been keenly felt
in Massachusetts. This decline is due in some degree to hard times,
but it is becoming evident that much of it is also due to competition
with other paving materials, particularly brick and asphalt. These
latter materials are preferred where traffic is not too heavy becaunse of
less noise and less expense in eleaning.

On the whole, conditions are decidedly better in Massachusetts now
than they were a few years ago, and prospects for the future are muech
more encouraging, although it may take a year or two yet to get baek
to the status of 1891.

The following test of ernshing strength was made at the Watertown
Arsenal under the direction of Maj. I, . Parker. The stone tested
was Milford pink granite, quarried by Messrs. Noreross Brothers from
their guarries at Milford, Massachusetts:

Test by compression of one G-ineh cube of Milford granite.

[Compressed surfaces faced with plaster of paris to seeare even bearings.]

Dimensions. | : Ttimate strength,
Test -"—i Seetional |
e Longth. Compressed surfoce. | i Total. P“i;'o?:lm
I.
Inches. Inches. Tnches. Sq. inches. Pounds. Founds.
2596 5. 98 5. 83 5. 96 84,75 | 725, 700 20, 883 "

Smagping sounds and pieces flew off at 546,000 pounds. Slight explosive sound at
674,500 pounda, Burst into small fragments and saud at the maximum load, aceom-
plt:.uwd by a loud report. One principal fragment was pyramidal shaped, with
shurp apex. :
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The following analysis of the same stone was made at the School of
Mines. Columbia University, New York City, by Prof, C. I'. Uhandler:

Analysis of Milford pink granite., f
Per cent,
ST U e B e S s S e 76, 07
Afvaning, Al oo e L 12.67
Ferric oxide, FesOy oo ooooeeeneno L B L e 2, DO
Oxide of MAngANess. . ounnveeens e .08
Lime, Cal <covceuss e 85
Mapnoste, Mt oo st e e 10
RO o e et et G-l RIS 47
Sods, NaiQ. oo iceeiniianrsiones SR es 8,87
1 s R e 49, 80 J
MINNESOTA,

Production declined from $155,297 in 1896 to 92,412 in 1897,

While less activity is indicated by these figures, it is also true that
in the early part of the present year (1808) prospects are more encour-
aging, as is indicated hy the much more cheerful tone of the replies
from producers. _

MISSOURL

The value of the product in 1396 was $#107,710; in 1897 the corre-
sponding figure was $97,857. A slight decline is evident, but, as in
other States, the early part of 1898 shows an improved outlook.

The granite quarried by the Syenite Granite Company, of Granite.
vile, Missouri, was tested at Washington University, St. Louis, by
Prof. J. B. Johnson, with the following results:

Tests of granite from Granileville, Missouri.

Numberof | Size of speci- ; Crushing
e e
a L]
Square inches, |  Pownds, : Poundi,
A, 3,85 93,100_ _2&',181
Pl ot 3.78 95, T00 25,317

NEW HAMPSHIRE,
The value of the output in 1396 was $497,966, and in 1897 $641,601.
At Concord and West Concord production was somewhat less active
than the year before, hut indications there and elsewhere were for
improvement in 1898. Concord granite is of thoroughly established
reputation, part'.wularly for cut and hammered work.
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The granite of Milford, New Hampshire, is highly regarded among
granite producers, and its reputation for monumental work seems to be
steadily inereasing, Indeed, it may also be said that within the past
two years this granite has become quite prominent as an admirable
stone throughout New England.

NEW JERSEY.

Most of the stone classed here with granite is trap rock and is used
for road purposes. Production increased from a valuation of $204,323
in 1806 to $561,782 in 1807. The stoneis enormously strong as u rule,
and is well adapted for road purposes.

The writer recently tested the trap roek quarried by Messrs, Hatfield
& Chamberlain at their quarries at Scotchplains, New Jersey, and
found a crushing strength of 35,000 pounds to the square inch,

NEW YORK.

The granite output of this State inereased from a valnation of 8161,167
in 1896 to $422,216 in 1807. This is a large increase, and is due to the
greater activity in the produetion of trap rock for road purposes.

NORTH CAROLINA.

Production increased from a valuation of $40,017 in 1896 to $59,236
in 1897. All producers repori better couditions in 1897. There is
much fine granite susceptible of easy quarrying at a number of locali-
ties in the Stute.

PENNSYLVANTA,

The valne of the ontput was $159,317 in 1896 and #349,947 in 1897.
Business has been betler in general. Some of the increase is aceounted
for by increased production of trap rock for road making, in which
there has been greater activity.

The following is o report by Hermann Fleck, Ph, D., of the Univer-
sity of Pennsylyania, on Birdsboro trap rock, quarried by the John T,
Dyer Company, of Norristown, Pennsylvania:

Aunalysis of Birdsbore trap rock.

| Percent.

e R Y
T 1 e 13. 46
Ferioigogiager el . oo ot tncrrsianniere i §
Ferrivozide; PeOg ol iooon cuneos siviiian 9.79
Caloinm oxide Ok oocieeri v cimanas 14.70
Magnesiom oxide, MgO . .. ... ... 4.3
Sedinm oxide NaoO.. - cocoeiiiaiaae i cas 4.64
Potassinm oxide, KO ..o o ool 2.01
Titaniom oxdde, TIO. ... . ... .. 1.98
T e b S e 100. 41
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The results obtained go hand in hand with those gotten by microscopic examina-
tion, whieh may be summed up as follows: The mineral eonstituents are plagioclase,
pyroxene, and hornblends, with magnetite ar magnetie iron twhhu uxtwt of 4.56 per
cent us nn necessory constituent. Pyroxene and hornblande pre

The rock is, therefore, to be classed as dolorite, valued as one of the b«t for bal-
last, roadbed, macadamizing, and paving purposes, excellent examples Leing fonnd
in th.u so-called French Creek granite and the Palisades of the Hudson, which find
a widespréad use,

The mineral constituents present impart deairable qualitios for u good wenring and
durable rock.

FPlagioclase and pyroxens add the required hardness on the one hand, while on the
other hand hornblende vastly increases the tonghness and durability, together mmk-
ing it an excellent material for roadbed and ballast or Belgian block, where these
qualities are Tequired.

In addition I may add thatsnch aroel will stand the heaviest traffic without break-
ing down or splintering,  Moreover, it is but slowly attacked by the disintegrating
action of frost and thaw, rain, ete., weathering slowly, and then ohly on the surface,
retaining its original hardness throughout the body of the rock.

RHODE ISLAND,

The value of the prodnct in 1896 was #746,277; in 1397 the figure was
#629,5664.. There has thus been some decline, but there is unguestion-
ably a better outlook for 1898, judging from operations so far. Most of
the granite qnarried in Rhode Island is monumental stock taken from
quarries at Westerly and Niantie. Quarrying for building purposes
has been taken up more vigorously than heretofore at Westerly, and
a large quantity of stone has been quarried for such use,

BOUTH CAROLINA,

The value of the product in 1896 was $355,320; in 1897 the figure
was 537,820, Conditions for 1898 are improved.

BOUTH DAKOTA.,

Production declined from £199,977 in 1896 to 868,961 in 1897, Some
of this produet is the Sionx Falls quartzite, a stone of great hardness,
strength, and duorability. Considerable of the output goes for paving
blocks, which have been used to some extent in Chicago.

TUTAH.
Very little granite was quarried in Utah, either in 1896 or 1897,
VERMONT.

Production increased from $595,516 in 1896 to 1,074,300 in 1897.
Two-thirds of the product came from the Barre region, where, in spite
of hard times, production has been active and the stone has been shipped
over a large area of the United States.

The following report on the “dark” and “medinm? granite quarried
by Messrs, Wells, Lamson & Co. at their quarries at Barre, Vermont,
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was recently made by the writer in the analytical and testing labora-
tory of Swarthmore College, Swarthmore, Pennsylvania,

REPORT ON DARK AND MEDIUM GRANITH FROM WELLS, LAMBON & 008 QUARRIES
AT BARRE, VERMONT,

Chemical analysis of dark granite.

Por cont.

Billen bl e ) e e e e £59. 56
Ferrin oxide, Kesldy <o oo o) 2,65
Aoy, MO e 15. 38
MR e e e e Trace.
Lokmmy CRl e e : 1.76
Mapmegiay M0 . . Trace.
Bodium oxide, NazO' ... . ccomermaannrnmae- 5,398
Potassinm oxide, KO oot ciiicianin 4.31
Loss on ignition, CO., and moisturs 1.02
2 7 1 S s s e e A e L i 100, 06

A microseopic examination of this granite was made by Mr. Whitman
Cross, of the United States Geological Survey, and his report thereon
is as follows:

Mesers. Wolls, Lamson & Co.'s dark granite is a fine, even-grained, typical granite
containing two micas (biotite, muscovite', sometimes called granite proper. The
consiituents of importance are quartz, orthoclase, microcline, biotite, and muscovite.
The first three occur in wholly irregular grains interlocking in a very complex man-
ner. The micas are in small leaves between and penetrating the other minerals to
some extent, Muoscovite apparently oceurs in two forms, one eorresponding to the
hintite as seemingly primary and in small flakes in the orthoclase, and cleurly a
secoudary mineral,

Aeeessory constitnents ave oligoclase, albite (1), titanite (sphene), and apatite.

There is an almost total wbsence of magnetite or other iron ore.

Biotite is slightly changed to green, and probably yields chlorite iu some samples.
The orthoclase gives way to an aggregate of flne muscovite leaves, also varying
much in different samples, no donbt.

Both guartz and biotite show that the rock has endnred considerable pressure, the
former by the “nndnlatory extinetion” it exhibits, and e biotite by the enrved
and bent lamellw, The pressure did not extend to a erushing of the graine or any
banded structure,

Iu the feldspars is some caleite filling small eracks. On the hasis of this exami-
nation I shonld estimate it at quartz 30 to 45 per cent, erthoclase 80, microcline 20
to 25 per cent. Much of the iron is present in the ferrons or unoxidized condition.
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Determinations of specific gravity.
DARK GRANITE.

225

Grams,

WelEht of gRaRibe. o

Weight of water displaced ..._......_.

Specific pravity £omndecacuo i s
“Temperature of water, 23 C.

8061
3. 2856,

MEDITM GRANTTE.

Woeight Of FTANTIE .o ee e ceee eene et aeeaaaaenes cennas

52, 95745
12, 37680
2, 662

Determinations of abuvrption cupacity.

Weight of granite after heating in air at 110° C. for six
BOUrS cooeen e el cemeieeeas
Weight of granite after hoiling in water for three hours

Weight after heating again at 110° C. for six hours.... ...
Percent of wator absorbud, 0.121.

49, 9625

49, 9328

MEDIUM GRANITH.

Weight of granite after heat
honrs .. e

Weight of granite after boiling in water for three hours
and WD dFy. «cv i aeanieenns T e

g In air at 1109 C, for six

- Weight after heating again at 1102 C. for six hours........
I Per eent of water absorbed, 0.120,

64, 1728

19 GEOL, PI 6, VOL 2——15
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Determinations of orushing strength of “dark” and “wmedivm™ Barre granite from
Messrs, Wells, Lamson § Co., using the standard Tinlug Olsen testing machine, of
Philadelpihia.

DARK GRANITE.

[Crushing strain applied perpemndicalar to rifk]

|
Crin
No. Sire. Aren Broke at— sl.ren;t&lih]ir
| aquare fnch.
Inehes. &y, inches. FPowunids. ‘ Pounds,
1 [2high x2%2.02...... 4.04 T1, 50 17, 790
2 | 2high x2.03 x 2.07 = 4,20 0,220 | 16, 718
e =t
[Crmahing strain appled parallel to rifk]
‘ 3 ‘ 2 high % 2,06 x 2.04 ... 4.20 83, 820 ‘ 10, 957
MEDITM GRANTTE.
[Crushing strain applied perpendienlar to rift, ]
1 | 2high®2x2.02...... 4. 4 ‘ 72, 140 17, 856
2 | 2high x2.02x2.01.... 1.12 61, 670 ‘ 14, 968
[Crushing strain applied parailel to rift.]
3 ‘ 2highx 2% 2.08 ... 4. 06 ‘ 64, 150 15, 805

While the foregoing results speak plainly for themselves to the effect
that the “dark” and the “medium ” granite quarried by Messrs. Wells,
Lamson & Co., at their quarries at Barre, Vermont, are unguestionably
commendable for the customary uses of granite, it may be well to eall
attention to certain features of these results which are worthy of special
mention. The analysis shows a low percentage of iron, rendering
liability to stain a minimnm, a high percentage of silica, and the usual
percentages of other constituents found in true granites.

The crushing strength of the “dark” granite is high, much above the
average for true granite, and somewhat higher on the average than that
ol the * medium,”

An examination of the stone at the guarries by the writer shows it
to be unusually free from knots and streaks or irregnlarities in strocture
of any kind.

The absorption eapacities of both ¢ dark” and “ medium,” while show-
ing a slight difference in favor of the “dark,” are both so low as to
amount to virtually nothing when possible disintegration from freezing
of absorbed moisture is considered. In this connection it must be
remembered that in the absorption tests the stone is so treated as to
absorb the maximumn quantity of water, i. e., the conditions of the test
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An analysis of the granite quarried by the Milwaukee Monument
Company, at their quarries in Waushara County, was made by Mr.
A, 8. Mitchell, chemigt, of Milwaukee, giving results as follows:

Analysis of granite from Wavshara County, Wisconsin.
| Per eent, |
R e R e e A e e 76,62
Alvminan, AlpOy oo e 13. 02
Ferricoxide, FagOs. ..o .o o..o oo i ool 1.0
|0 3 T o e e e e e e e e e — Lol
e LT ET S g S .05
| Oxide of sodinm, NavO . o cn v s ceee veenes 2.4
Oxide of Ipotmium, Rl s ansseaisass 6. 08
TOERE o e e el 89, 83

NOTES ON GRANITE IN NEW ENGLAND.

During the summer of 1897 the writer had opportunity to visit some,
though for lack of time not all, of the leading granite-producing regions
of New England. These notes are intended to give some of the results
of observations made. In the order of the value of the granite pro-
duced, the New England States rank as follows: Massachusetts, Maine,
Vermont, New Hampshire, Rhode Island, Connecticut. These States
prodnce annnally from 65 to 70 per cent of the total output of the
United States. The produets of some of these quarry regions have a
nalional reputation and are shipped to all parts of the United States.

The leading position of the New England States in respect to granite
production is due to a combination of cirenmstances and faets, among
which may be mentioned the age of thisregion of the country, the fact
that granite is found in greaf variety and abundance, and finally the
fact that many of the quarries are favorably located for echeap transpor-
tation of the products by water to the various points of consumption.
Such advantages of locution on the water are the possession of quar-
ries in Maine, some in Massachusetts, Connecticut, and elsewhere, but
they are of less importance now than formerly. At present much of
the most valuable monumental granite is, from necessity or choice,
shipped from the points of produetion by rail.,

MASEACHUSETTS.

This State has always been the leader in magnitude of ontput. The
principal producing localities are Cape Ann (including Roekport,
Pigeon Cove, Lanesville, and Bay View) and Quincy (including West
Quincy), These two regions produced in value somewhat more than
half the total output of the State, and are about equally produective;
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‘but the uses to whieh the output is devoted are radically different, in
‘that the Quiney granite is strictly a monumental stone, of national repu-
tation, while Cape Ann granite is primarily a building stone, which can
be rapidly quarried and in any desired gize of blocks. Other important
centers of production in the State arve Milford, Monsan, Fitehburg, and
New Bedford. In addition to these are numerous scattered localities
at which valuable stone is produced, but in smaller amounts.

Quincy.—So well is Quincy known as a granite region that it almost
seems needless to say anything more., Lvery stonecutting yard of any
importanes in all large cities continually has Quiney granite monuments
and gravestones displayed for sale or in process of completion to fill
orders specifying that stone.

Mneraloglmlly, the stone consists chiefly of quartz, hornblende, and
feldspar. There is a high percentage of quartz, and to this is ]arg&ly
due the extreme hardness of the stone. The distinguishing features of
Quiney granite, which have given it the high reputation it bears, are
its hardness, the durability of the high polish which may be developed,
and the contrast between the polished and the hammered surface.
This latter featuze is more pronounced in the so-called dark Quiney
granite than in the light, and for this reason the former commands a
higher price.

According to Gillmore the erushing strength of Quincy granite is

17,750 pounds to the square inech; its spedﬂc gravity is 2.669. The

f‘ullowing analysis was made by Mr R. Angell, chemisﬁ of ﬂaw
Hampshire State Board of Health:

Analysis of Quincy graniie,

! I‘erﬂmt._|
T T e .14
AlnmbiALO.. oL L 15, 57
Forrons X108, FUOL v icer s irreis coie sasommns| 2,49
POt G0 o e o e s asae s .54
Bodoy Nl e e s e e e e 4.41
Total --.. i 100. 00

The qualities of the granite are sueh as to render it so desivable for
monumental work that it is inexpedients to devote the best of it to any
other use, and very little determined effort is made by produncers to
extend its applieation to building purposes, for whieh it is also admira-
bly adapted.

Granite for monumental nse must be carefully selected, and there
i8 consequently considerable waste of material, which wonld serve
excellently for building. but the producers seem to make but little effort

‘

'!.l,’
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to dispose of stone for this purpose, although not a litile finds its way
into retaining walls and bridges erected by railway corporations along
their lines.  Oceasionally, also, the granite is used in large and pre-
tentions buildings, but not to the extent to which the gualities of the
stone wonld seem to justify.

Many of the producers at Quincy have heen engaged in quarrying
for monumental worle only lor many years, and cousiderable consery-
atism as to business poliey is the not unnatural result.

Quarrying for monnmental stock and for building material are two
quite different operations, and it one of these is emphasized at all the
other is apt to receive but little, if any, attention. To operate a guarry
produneing both kinda of stock at the same time, and withal to develop
the (uarry with due regard to future operations, is a difficult matter,
and requires, moreover, a liberal working capital. This is, in many
cazes, lacking. There is at Quiney a strong temptation to quarry for
to-day only. A fine picee of monumental stone is visible in a8 certain
part of the quarry; it can be sold for cash as soon as taken out; itis
therefore removed as quickly as possible, and in many cases without
such thonght for the morrow as will make fature operations economical,

Refuse stone is frequently freely and generously given to paving-
block entters, who ent it into paving blocks and sell them on their own
account. Knots, streaks, and “mud holes” must be carefully avoided
in f conseientions selection of stock for monumental work; but theze
defeets, except the third, would be of but little moment in stone devoted
to a wide range of building purposes.

lu former years the production of paving blocks was actively carrvied
on, but us many guarrymen put it, the paving-block industry has “gone
to the dogs,” owing to the competition of ofher kinds of paving material.
While paving blocks are still being made to a slight extent there is
very little protit in the business, the maker of the bloek being able to
realize little more than #1 per day for what is very hard manual labor.
Paving entfers in the past few years, owing to diffienlty in secoring
other kinds of work, have been obliged to cut blocks for small return
or do nothing at all. : )

The methods of quarrying at Quiney are to blast with lewis holes and
then eut into blocks by plng and feather. Sometimes, hut not often,
channeling is resorted to, but the hardness of the stone is such as to
malke this very expensive, In channeling, holes are drilled with a steam
drill, an ineh apart, and then the partitions between the holes are
broken down with fhe ehannel bar.

Quiney granite is abt present used chiefly in the Eastern and Middle
States, lesg being sold in the West than formerly. This is aceounted
for in two ways; in the first place but few, if any, Quincy salesmen are
sent fo the West, and Fastern granites that are more easily quarried,
and henece cheaper, are largely monopolizing western trade.

COape Ann.—As already stated, this region ineludes Rockport and
vieinity, Pigeon Cove, Bayview, and Lanesville.
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Methods of quarrying and handling stone here offer a strong contrast
to the conditions at Quincy, for the reason that monumental work is
ignored at Cape Ann, and building stone is the prodnet sgnght. The
stone is decidedly less valuable per cubic foot, and the amounts dis-
posed of and the methods of working must compensate for this, Every-
thing must be done on a large scale, and explosives must be used much
more freely than wonld be permissible in quarries where smaller amounts
of more valuable stone for monumental work are sought.

In every way Cape Ann seems to be suited to the produetion of
building stone. In the first place, it is on the coast, and all stone is
shipped by water on ships that can come almost to the edge of the
quarries. In the second place, the granite is enormously abundant
and well adapted to heavy building work, in that it can be taken
out in large blocks by expeditions methods of quarrying. In the third
place, the construction of an extensive and much-needed breakwater
by the United States Government enables quarrymen to dispose of all
grout at prices which help them to keep quarry property well cleaned
up ab less expense than is required av other less favorably located
quarries.

The stone is a hornblende-biotite granite, medium to coarse in text-
ure, gray in color, massive, and with both horizontal and vertieal joints.
1t takes a good, durable polish, but, being a light-colored stone, the con-
trast between hammered and polished surfaces is not so strong as in
some of the granites having an established reputation as monumental
stones. Very little if any effort is made to push the stone as a monu-
mental material, but the quarrymen seem as a rule to be content with
the large possibilities of building, and quarries are equipped for opera-
tions on the scale necessary for extensive building countracts and the
heaviest foundation work. An important contract recently on hand
was the fonndation work on the new terminal railway station in Boston,
now in course of construction. A few years ago the production of
paving blocks constituted an important item in the business of Cape
Ann gquarrymen, but, as at other localities, this is now suffering from
depression and can no longer be regarded as cutting much of a figure
in the total output of the quarries, The stone is well adapted for pav-
ing, and during the years when paving blocks were in active demand in
large cities a product of considerable magnitude was turned out.

The breakwater in course of construetion will eventually make a fine
harbor at Pigeon Cowve, while at present the lack of it iz rather a
menace to vessels at anchor, or even at the wharves, The dimensions
of the completed breakwater will he 50 feet wide at the bottom, 30 feet
at the top, 18 feet above high water, and 2} miles long. About 800,000
tons of stone have already been put in place. About 6,000,000 tons in
all will be required for the completion of the work. The good effects
of what has already been done are said to bo unmistakably manifest
in lessening the violence of the water in the area partially inclosed.
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If the work were vigorously pushed it is said that it could be com-
pleted in about fifteen years. About $150,000 is annually appropri-
ated for the breakwater work. Stones varying in weight from 50 pounds
to 6 lonsare nsed, Dumping scows of special construction are employed,
and a whole load is domped at once by means of ingenions devices
adapted to the needs of this particular breakwater,

Care iz needed to prevent what is termed the “wandering” of stones
in ginking throngh the water. This is liable to take place if the entire
load is not dumped in one mass.

Aunother use to which considerable stone has been devoted is its
employment in conerete in the construetion of Government fortifications.

The methods of quarrying are in general similar to those of other
regions, but are all earried out on a large seale. Powder is quite freely,
but carefully, nsed. Good railway facilities for transportation to the
docks are provided,

A few large coneerns do most of the business, which seems to be
eceonomiecally and judicionsly conducted.

Some of the Cape Ann granite is iron stained, and on casnal inspee-
tion might be taken for sap. However, it is not such, but a very tough,
durable stone, which is well adapted for use in paving blocks or retain-
ing walls. There is, of eourse, as at all guarries, plenty of sap, but it
is not identical with the iron-stained rock to which reference has just
been made. Sap is not only stained from exposure, but shows signs
of weakness and disintegration which render it unfit for construction
work.

Cape Ann granite is quite free from kuots or streaks, is very hard,
splits well, oeenrs in enormous masses, and can be qunarried in large
blocks., Its special field is heavy work—massive foundations and
bridges. The stone is so abundant that blasting may be resorted to
freely in cases which at other localities would be treated by slower
processes.  Blasting may sometimes gacrifice material, but good stone
is so abundant that, on the whole, blasting is more economical,

CONNEOTTIOUT,

The most important granite quarries in Connectient are on or near
Long Island Sound.

Groton.—At Groton, just across the river from New London, are a
few granite qunarries producing only monumental stock. The stone is
fine-grained, hard, and well adapted to this use. The valnable stock
is in some of the quarries overlain by a large mass of rock, marked by
numerous black dikes very much eurved and folded and separated from
the true granite by a sharp line of division. Under the sheet of granite
is another thick mass of bastard roek. Quarrying is done on a small
scale only, and is somewhat expensive owing to the large amount of
stripping that has to he done. At Center Groton, 5 miles or more from
Groton, is another isolated quarry capable of producing fine monumental
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stoek in large quantity if eapital were invested in gufficient amount.
A long hanl by wagon is necessary, and this is quite a drawback,
Tunvestment of more eapital i3 imperative before anything considerable
can be done at this point.

Waterford—A large quarry at this point is operated by Messrs.
Booth Brothers, The stone is fine grained biotite granite, of gray color.
Operations are quite extensive, both monumental and building stone
being produced. The stoneis of fine quality, and preparations for even
greater activity were being made, as the quality of the stone is smch
astoawply justify extensive work as soon as produetion again assumes
normal proportions, Work here has been proseented actively lor the
past five years, although in times past quarrying has heen done on a
amaller seale than at present.

The cotting, carving, and polishing plant is extensive, and at the
time of the visit of the writer was being still further enlarged by tho
srection of a shed 220 feet long, intended to accommodate 100 men in
the work of cutting and polishing.

Millstone—Here is a. large quarry, known as Ienry Gardiner’s quarry.
This was originally opened in 1830, Even as far back as one hundred
and fifty years ago millstones were quarried for use in the old-fashioned
windmills, the ruins of which are in many cases still to be seen near
Newport and elsewhere, The quarry is well equipped with modern
machinery, and ig also provided with a private railroad connecting with
the New York, New Haven and Hartford Railvoad at Millstone Station.
When polished, the color of the stone is rather dark, and this shows a
good contrast to the hammered surface, which is light in comparison.
The stone is nsed chiefly for monumental work, althongh building stone
is also quarried. Paving bloeks in time past have been turned out in
large quantities, but at present but few blocks are made, owing to the
reduced demand for such paving material in large eiries.

A stone erusher was in eperation to farnish erushed stone for the
Governwent fortilications at Dutch Island and elsewhere. Shipping
tacilities, both by land and water, are exceptionally good. :

Stony Oreck.—At this place are a few quarries producing a highly
feldspathie, coarse-grained, pink stone, well adapted to building pur-
poses, Pink granite is at present quite popular among builders, and
the attractive feature of this granite is its celor, Contracts for stone
for some large buildings, snch as the New York Life Insurance build-
ing, ati the corner of Broadway and Leonurd streets, New York City,
were on hand during the past year. Preparations for a large increase
in output were under way at the time of my visit,

Suchem Head—At Sachem Head quarrying operations of very dif
ferent character from those usually adopted are earvied ont on a large
scale, for the single purpose of obtaining stone for breakwaters, A
bluff 1,500 feet long has been exposed. From this the stone is removed
hy the most violent explosives, while in addition any and every way of




234 MINERAL RESOURCES.

dislodging stone cheaply is freely applied. Having been loosened out,
regardless of size and shape, the stone is loaded on cars which carry it
to scows aud barges at the wharf a few hundred feet away and it is
theu tranzported to the breakwater now in conrse of constrnction af
Point Judith, The plant for handling and transporting stoune is very
coiplete, and altogether represents the investment of nearly $500,000.
The firm operating here, Messrs. Hughes Bros. & Bangs, makes a
specialty of hreakwater and canal work, and, in addition to extensive
contracts for breakwaters, are also engaged in supplying limestone at
Buffalo for nse in the Erie Canal. The workmen are all Italians.

Leete Island.—On this island a highly feldspathic pink gneiss is
quarried for heayy construction and bridge work. It was used in the
foundation of the Statue of Liberty, in New York ITarbor.

This stone has an exeellent reputation for the purposes to which it is-
generally applied. It takes a good polish, and, from the wavy lines
that were well gshown in a polished slab whieh was exhibited, would
look well in interior decoration in buildings.

Meriden.—AlL Meriden are quarries of trap roek, which is used only
for railvoad ballast and highway construetion. The stone is fed into
erushers and sold for ballast or macadam. Roads aronnd Meriden,
where the stone has been used, testify to the excellence of this stone
for such use. Nof only is the stone of remarkable strength and tough-
ness, but as it slowly pulverizes the dust cements together ab every
wetting, making a surface of extreme smoothness, The stone seems to
be the ideal road material. At one place the stone oveurring on the
mountain side is in small fragments, which arve raked down and trans-
ported to the crushers, This operation can hardly be ealled quarrying,
From the solid masses in the quarry the rock is blasted by violent
explosives, which are intended to shatter the stone as muech as possible,
thus reduecing the work of fhe crushers. An improvement in stone
erushers consists of the use of manganese steel, which in the form of a
pestle rotates eccentrically in a hopper. This form of crusher lasts
much longer than ordinary steel-jaw crushers, which have been gen-
erally nsed.

Ansonic.—Near this place are a few small quarries produecing gneiss
well adapted for street curbing, for which parpose mueh of the stone is
used. The stone splits exceptionally well.

RHODE ISLAND.

This Btate has been distinguished as standing in first place for the
value of monumental work prodaced. The most important guarries
for monumental granite are at Westerly and Niantic, At some of the
quarries only monumental stone is prodnced, but at others building
stone also is sold in very large quantities.

Westerly and Niagntic.—The monumental stock from these plaees is
distinguished commercially as blue and white, the former being more
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valuable on account of the better contrast between polished and ham-
mered surfaces. The stone is a biotite granite, of a ¢rnshing strength
of 17,750 pounds to the square inch. Its value for monumental work is
due to its fine grain, unitormity, and the fact that it may be safely
carved to a fine edge, which it will hold without danger of ehipping,
In short, it iy exceptionally well adapted to eluborate earving on blocks
of great size. Many notable statues and monnments have been made
of this stone, and its reputation has been established by years of
experience, .

Qare in selecting stone has to be exercised, as streaks and knots
acenr.  Some of these do not reveal themselves until polishing or carv-
ing brings them into view, As the producers ave couseientious in letting
‘only good stoek leave the yards, there is occasionally finaneial loss, due
to the necessity for condemning a piece of work after considerable labor
of an expensive kind has been done.

Some of the quarrymen are opposed to selling stoek in the rough,
but prefer to dispose of only finished products, as they can thus better
protect the high reputation of the stoue.

The largest block ever quarried hiere was 55 by 10 by 5 feet. TFacil-
ities for quarcying, cutting, polishing, and carving are of a high order
at a number of the Westerly quarriés. The latest improvements in all
directions are tested promptly, and, if fonnd satisfactory, adopted. At
one of the Westerly granite works considerable granite is sawed, with
good results as to ehiaracter of work and economy, Sawing granite is
a comparatively new proeess, and it can not be said to have yet come
into anything like general use, but it is favorably regarded by a num-
ber who have tried it.

Since the financial depression began a few years ago, the use of
Westerly granite for building purposes has increased, and a number
of large coutracts have been filled or are now on hand. Some of the
older quarries are now quite deep, and, althongh some very fine stone
is taken out at considerable depth, the expeénse of quarrying is gome-
what increased. Some of the producers, therefore, have found it neces-
sary to extend their quarries laterally in order to obtain a larger vol-
ume of stone sufficient to accommodate building contracts as well as
monumental work,

At no place in the United States is finer or more artistic work in
carving and sculpture done than at Westerly, In monnmental work
Westerly granite has marked advantages over many others, but in
building work it has no such advantages, and hence must be sold for
building at prices which will allow it to compete with granites quarried
for building only. :

Granite is quarried at Centerdale, Pascoag, Narragansett, Newport,
Coventry Center, Greenville, and a few other localities, but the amounts
are small as compared with those produced at Westerly and Niantic.

Centerdale—The stone produced at Centerdale is adapted to streev
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work or rough building. The general tone of eolor is light, with a
greenish tinge. The feldspar is faint pink in color. Quarrying opera-
tions are on a small seale.

(reenville—At this point o hard, darable granite, suitable for build-
ing or street work, 18 produced. The stone containg a biotite here and
there, giving a spotted appearance. The chief minerals are quartz and
feldspar. The stone is used in Providence and Pawtucket for curbing
and fonadation work. It is also an excellent stone for engine beds.
The stone looks well in rock-faced work. It is easily quarried, but has
to be hanled 5 miles to railroad. '

Pascong.—The stone gquarried at this place is a biotite gneiss, which
aplits very well. It is used for bridge work, ¢nrbing, and paving in
Providence.

VERMONT.

Barre.—Over two-thirds of the granite ontput of Vermont comes
from quarries at or near Barre, and is known as Barre granite. Special
interest, therefore, attaches to this region. The stone is distingnished
commercially as *light, medinm, and dark.” these terms applying, of
course, to the color. The dark Barre is the most valuable, on account
of the stronger contrast between the polished and hammered surfaces,
and also on aceount of superiority in other respeets. Thelight granite
peeurs in rather regular sheets, while the dark granite presents a very
diiferent mode of occurrence, the sheets being more irregular, so that
a “dark” granite quarry looks more like a bowlder quarry than o sheet
quarry. In quarrying the light granite considerable channeling is
done.  While sueh work is expensive, the rock is valuable and uniform
enough to justify the extra pains. The dark granite is worked very
differently from the light, in that more blasting is done, but withont
serions damage to the stoune, particularly where (he Kunox system of
Dlasting is used. In the light granite the frequent sticking of the
drills gives evidence of considerable pressure in the granite. This is
also borne out by microscopical examination, which proves the exist-
ence of strong pressure. Barre granite is remarkably free from flaws,
such #s white-horse and dark-horse Inots, and streaks of all kinds.
While blemishes are oceasionally met, they are so infrequent that it is
an easy matter to throw out sueh material without much loss.

The stone is easily and cheaply quarried as eompared with that at
some other places prodncing monnmental stock.

The granite is what might be called “ granite proper,” consisting of
quartz, orthoelase, microeline, biotite, and muscovite., The guarries
are all on a hill or mountain, and the guarried stone is transported
either by rail or by wagon to the town of Barre, a few miles distant.
The granite industry at Barre has been bmilt up within the past
eighteen years, during which time progress has been steady and satis-
factory, The features which have contributed markedly to this success
are the fuvorable situation of the quarrics for transportation to the
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railroad, the ease of quarrying, the umformty of the granite, and its
_ freedom from kuots, streaks, ete. While granite of equally fine quality
for monumental work is prodnced at other places, the quarries at Barre
yield a stoek which is so uniform that the amonnt whieh has to be
rajected and thrown on the dumyp is less.  Lower prices for Barre stock
are probably, therefore, just as remnnerative to the quarryman as the
higher prices which have to be ¢harged in other places on account
of a greater percentage of waste or the faet that the quarries have
reached an inconvenient and expensive depth. The producers at Barre
show considerable enterprise in advertising their produets and in get-
ting them before the public through the agency of traveling salesmen
and in other ways,
Facilities for entting, carving, polishing, and finishing in every way
are abundant and thoroughly up to date, and even in the hard times
that have characterized the past few years the Barre produocers have N

more (han held their own. Fonmly |
There was considerable talk at Barre in the fall of 1897 relative to .
the formation of a syndicate which should unite the whole region under {

one management. This, however, kas not resnlted in accomplishing
anything as yet.

NEW HAMPSHIRE.

The granite industry of New Hampshire is old and well established.
The most important localities from the standpoint of value are Coneord
and West Concord, Milford, Suncook, and Fitzwilliam. Stone is also
quarried at a number of other localities.

Coneord and West Coneord.—The quarries at Coneord and West Con-
cord are the most productive. Rattlesnake Hill, near Concord, is the
source of most of the stone. The granite is used to a larger extent for
building than for menumental purposes. This stone was used in the
Library of Oongress building at Washington, and has met with gen-
eral approbation in its use for that purpose. TFor cut and hammered
work in bunildings there are few if any granites that snrpass Concord
stone,

The introduection of more working ecapital and the provisicn of better
transportation facilities from Rattlesnake Hill fo the town are quite
evidently needed, and wounld do about all that is required to make
the industry flonvish to a degree far beyond what is possible under
existing eonditions,

The stone, being light in eolor, has to be carefully selected so as to be
free from flaws. This, however, can quite easily be done, as there is a
‘great abundance of entirely satisfactory stone.

The stone is a muscovite-biotite-granite, fine grained, and occurs in
sheets. Quarrying is comparatively easy. Very little if any staining
results from exposure in buildings.
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The following table shows the purposes for which the marhle of the
various productive States was sold by the quarrymen in 1896 and 1897:

Value of ihe nta-r!e’t‘é product, by nsea MWMH 1896 and 1307,

sate. Rough. | Bullding. | 9% |Cometery. | Interior.| Ofter, | Total

£268,886 |- encan . 808,200 | $65,650 | 425,000
........... 4,000 .
10, 080 —na d
200, 000 <= omsvmeaslaiommnans. 1,000
06, 641 B, o0 , 000 1, 500
365, 747 41,682 | 4471|3108
3 PR e S o
PRI [SaSe e (es Tes m 1540, 000 1,270
207, 819 50, 106 61, 204 BTEBS |veansiaas

1,006,108 | 65,065 | 813,148 | 390,804 0,068

2685

Aok an bl e e 82,000 | 17,800
145,875 167,803 | 71,200 25,00 |

ey = 4,500 Bl |=antneaesat
150, 000 e e LA e
8, 608 2,300 16,481 1,000
274, 620 61, 031 B, 508 2, 000
56, 000 |. [ 4. o (R S 3

15,025 | 950,095 | 15,895 | 441,954
1,205,012 | 115150 | 120,205 |2,

1,547,100 | 576,083 | 184,020

Vermont: oo covieavesl 111,807 402,23

Total.sioiiizesons 477,850 | 1,074, 640

The following table gives the production of marble, by States, for the
years 1890 to 1897, both inclusive:

VFadue af martile, by Stales, from 1850 o 1857,

Btate. 1800, 1801, 1882, 1893,
Californi .ceacunenas ceeeo|  #8T,080 | R100,000 | $115,000 | $10,000
Georglh venenn .. i 196,250 | 235,000 | 280,000 | 261,666
YARRE s oo cnee 20 NORAD SN 0 el P il e e 4,500
Margland oo vooeeeiannn. 199,816 | 100,000 | 105,000 | 130,000
Massachusett. .- oo ooo| oo 100,000 | o)
Now York .ioeverosassnis 854, 197 390, 000 380, 000 206, 926
5 T DT R ISR 45, 000 60, 000 27, 000
Tantossee -~~~ ... -ooo.s 419,467 | 400,000 | 350,000 | 150,000
875 Tk S 2,169,560 | 2,200,000 | 2,275,000 | 1,621,000
1 121,850 | 100,000 BO/000 [ eime e seney

PO i e et 5,488,170 | 8,610,000 | 3,705,000 2,411,092

]
| N
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Of the marble quarried by the Carrara Marble Company, at their
qum'rlﬂs in Amador County, Prof. E. W, Hilgard is quoted as follows:

I find the marble of the Carrara quarry, of Amador County, Cal., most remuarka-
bly nniform and free from flaws; partly pure white and partly pla&aingly ahaded
with binish and black veins. 1 find it to contain only four-tenths of 1 per cent of
minerals other than carbonate of lime. Few marbles are found so pure and charm-
i'ngly wveined, It contains a veryfmmn proportion of magnesis, a large percentage
of which is a charncteristic in all other California marbles, The marble of the
- Careara quarey . will stand exposure to the weather and searcely ever hecome stained,
as other marble will.

The following information in regard to marble at Healdsbnrg, Sonoma,
County, near San Francisco, quarried by the Healdsburg Marble Com-
pany, is submitted by the quarrying company. Mr. George Madeira,
mining engineer and geologist, made the scientific observations:

The marbles crop slong the summit of a high ridge or monntain. Baromstrical
readings show an elevation of 1,640 feet above sea level, and 1,400 feet above the
Jevel of a creek flowing at base of the mountain, The croppings vary in width from
200 to 600 feet.

The marbles, earbonastes of lime, silicates of magnesia, ote., consist of banded
green hreecia, brown breceis or Potomie marble; and veined serpentine of every hoe
and color, The reticulation or veining is of white, green, brown, red, and yellow
alternating.  The buse of the stone is formed of patches or zones of yellow, brown,
dove, blne, Ted, ete., the golden aud green veined marbles Leing very handsome.
The deposit, whicl is composed of tilted, stratified serpentine, stands at an angle of
Tl degrees, pitching north, crops on the top of the ridge, and rons sonth for a dis-
tinve of 1,500 feet, whore it passes nnder the overlying stvata. The dike, ledge, or
deposit comes up throngh the Miocene or bitnminonus slates, which are seen in situ
lower dewn the slopes of the hill on the south (ecast) side.

For g distance of 600 feet along the deposit the marbles alternate. At the south
end of this 600 foet the marbles suddenly shoot up above the surface of the terrace
on the east side to a height of 65 feet, standing directly at right angles to the trend
of the lode. ‘This high wall of Potomie and white marble has prevented the higher
ridge baeking it from being worn away by the action of the elements, and, in & great
measnre, covers the deposite sonthward. The eroppings and detached pieces of
“float” thickly strewing the hill slope indieate that the deposit eontinues on and
into the lands of the South claim. In the South claim, beside the marbles snpposed
to underlie the surface croppings, chroms iron ore is found as “float” all over the
surtaee, and at one point o deposit of 75 or 100 tons erops above the surfuce. Blocks
of marble of any desired shupo ean be obtained from these extensive deposits, There
is. in fact, 0 mountain of marble.

The deposits ave situated 11 miles from a railroad station, The main eountry road
is within 1 mile of the deposits, and this length of Toad will have tabe constructed,
ab @ eost of ahout $700, There is suother railroad depot about 7 miles from the
place, and in this direction there wonld be 1} miles of road to make, costing probably
#1,100.  Another railroad point can be reached by constructing a road 44 miles long,
b @ eost from $3,000 to $5,000. This read wonld run all downhill; on this line of
roud, abont 2 miles from the deposits, there conld be erected workshopa, efio., for fin-
:mh‘ing np the marbles, as thers is abundant water power all the year ronnd. There
it no machinery yet on the property, and but little has been done in the way of
development, thongh the prospects so far are excellent. The 1 mile of the read
could be made in three weeks.

In weight the marbles average about 14 eubio feet to the ton of 2,000 pounds,
The green or peacock marbles sell for much higher fignre than the serpentine.
Cyupital is needed to develop the property, and the prodnet could be mined and
f}irpp&d to Man Franeisco, and thence to Eastern States, South America, Australia, the

iant, eto.

19 eEoL, PT 6, voL 2——16
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No spstematio developments have yet heen made, but in several places along the
side of the lode the marbles have heen cut into, showing the charncter of the voek.
A few inches below the surface eroppings the rock is found to be quite solid and free
from blemish, particularly the serpentine marbles, Of the green, greater depth will
v requirod to sceure large slabs, or columns, than the present superticial develop-
ment. At ono point a tmunel has been driven into the solid serpentine 27 feet along
the south side of a bund of green onyx muarhle 6 feet thick, which has not been cut
futo, In this tunnel the rock hecame more and more compact with inercasing depth
below the surface,

Prof, F. W. Crosby is gquoted as follows in regard te the verd antigue
of San Berpardino County:

The marble belt eropa from 10 to 20 foet above the surface, and is from 100 to 300 foot
in width. It is compesed of a series of ladges -from 4 to @ feet thick. Tn some
instances, on top, these ledwes show a thin line of division, but at no great depth
they will be found to be practically solid from wall to wall. * * * HBlocks ¢an
now be obisined containing trom 100 to 125 cubice feet without seam or daw, * * *
The marhle ab the surthee of most quarries is worthless, but pieces chipped from the
topmost crags of these giant sroppings thet have been exposed to (e elements for
conntless ages show no traces of decay. On the contrary, the heantifnl tints nnd
delicate veins and shading are so perfect as to almost defy any improvement in the
character of the stone by deeper workings, It is to be expected, however, as depth
is attuined, the marble will become a little softer and the colors grow deeper and
brighter, * = <

The marble is & verd antique of fine lexturs, free from fanlts or imperfoctions,
and susceptible of u very high polish. Tt embraces sll shades of color and tints
producible from the commingling of black, white, green, yellow, brown, pale blue,
wiul soft creamy pink., * " *

Tt is ovident that the marble dike extends to o great depth. 1t seems lilke & verita-
ble rib of (he enrtli. To all intents and porposes, the quuntity of marble is praobi-
cally inexhanstible.

Capital is at present needed to develop these guarries.
COLORADO.

This State appears in the table for the first time as a marble pro-
duocer, althongh attention has beeu in former reports repeatedly called
to the lact of the existence of fine marble in the State, The output
for 1897 was valued at %99.600, and it is said by the producers that
abont the same quantity was also produced in 1896, but no returns to
that effect were received in time for publication in the report of 1896,

Mr. Henry Wood, analytical chemist, found the following results in
an analysis of the marble from Beulah, Qolorado:

Analysis of marile from beulai, Colorado.

| Ter cemt.
i

Curhonutes of lime, CaC0; .. ooiecnvinmacaanan 98, 00

Ma et M) e rts ae et ama el 05

Tron (probably Feo). o cacas caiacaacaccainaisl .04

B RGR ARC  ck  E  raa : 06 ‘

Potal - oo A A e o ‘ 98.15
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For farther data concerning Colorado marble former reports should
GEORGIA.

The value of the ontput in 1896 was $617,380; in 1897 the corre-
sponding figure was $598,076. Since August, 1897, Whﬁs been
increasing. An exhanstive consideration of the Georgia marble hag
been given in a former report.

TDAHO.

Tive thousand dollars’ worth of marble was produced in 1897. It
was used for cemetery work and intariar.dem_amﬁon.

SRR SSIE - =

The ontput increased from $110,000 in 1896 to $130,000 in 1897.
The product is largely used for building pnrposes,

MASSACHUSETTS.
The value of the output differed but slightly from (hat in 1896,
NEW YORK. : -

The output fell from $484,160 in 1896 to £354,631 in 1897. 1In 1896
there was an unusually large product from Tuekahoe, which aceounts
for the difference in the figures.

The following analysis of marble quarried by the Snowflake Marble
‘Company at their quarries at Pleasantville, Westchester County, New i
%q:k, was made by Prof. 0. . Chandler, of Columbia University, New

ork:

_ ol -

Analysia of marble from Fleasantville, New Fork. :‘

Per oent. "I

Caloinm carbonate, CaC0,. ... ... s £4.12 !
Magnesinm mbmﬁa, Hgﬂ@a 45, 04 .
Ferric oxide, Fe:0y. . s O S L1 |
Aluming, ALy . ccveeraeiie .07 2
ﬂl]im, mbs._. ............................... aE .10 |
Hokal o 9. 44 F

A

- i:
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PENNSYLVAXNIA.

The ontput increased in value from $31,522 in 1896 to $62,683 in

‘The product ¢f the Avondale Marble Company is now well intro-
duced to the building public, and has been under scrutiny for several
years. The stone is weil adapted for building, in point of strength as
‘well as beauty.

- The following mineralogical analysis was made at the
Mineralogical analysis of marble from Avondale, Pennsylvania.

[ Perosts

oL s Weiemenan] (B 1 Neioos N 53.19

BB B s s e i s Ao SR s et 39.17

QRRrte; MICR, Bl v i caraer vans s mm e v s i 1.64

e e e N 100: 00

The crushing strength was found to be 22,505 ponnds to the square
inch by the School of Mines of Oolumbia University, New York City,

1t shows very low absorption of moisture.

The Avondale guarries have been equipped with the most modern
machinery for quarrying marble, including a powerful derrick capable
of handling 100 tons. Another interesting feature is the erection of a
mill to be run by eleetricity. This is now in course of construetion.

A pecaliarity of this marble deposit is that true granite is quarried
from an opening not over 150 feet from the marble opening,

The development of the Avondale quarries is watched with mueh
interest by quarrymen generally on account of the unigue features
presenfed and on account of the thnmghly modern methods of con-
ducting the enterprise,

Quarries have recently been opened at Aunnville, near Swatara,
Dauphin County, Pennsylvania, by Mr. J. H. Black. The product is
known as Keystone marble. It is to be used for building, lntarmrdew—
ration, and cemetery work.

JI
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The following analysia and tests of this marble were made by Prof.
G. G. Pond, of the chemical department of State College, Penusylyania;

Analysis and tests of marble from Awaville, Pennsylvania.

Per cont.

Carbonate of ¢aloium. caeeee ccmececeemnsaannan a5, 10
Carbonate of magnesinm . ......ccrmenncionenen ! 3.96
orb it e o bl PR R R .-....! 1.07
i SF Fromas <=5 2 m vis e e i e e £ .23
L S 14
Phasphoras: coo s Salvs mi i il .00
e LI, L R R S e Slight tr,
3 13 i S e | )BT 100, 50
Bpeeitio grovity oo e 2,67
Crushing test, pownds per square ineh ... ____ 12, %10

TENNESSEE.

The value of the output in 1806 was B381,373; in 1897, £441,954; so
that an increase is evident. Producers report encouraging prospects
for 1888, The output goes largely for purposes of interior decoration,
althongh considerable that is sold by the quarrymen asrough is used in
bnildings. The so-called “Knpox pink” is well suited for ontside
building.

A full deseription of the Tennessee marble has already been given
in the reports for 1894, 1895, and 1896,

UTAILL

The marble gunarried by the ITobble Creek Marble Company was
deseribed in the report for 1806. Operations preliminary to guarrying
have been carried on during the past year, and an output may be looked
for in the near future,

- VERMONT,

The outpnt of Vermont nnderwent a notable inerease in 1897, namely,
from £1,101,557 in 1806 to $2,050,229 in 1897, More than half of the
product of the United States came from Vermont. Most of it was
used for cemetery purposes, althongh some of the gnarries now produce
building stone on guite a large seale, which appears to be increasing.

TFull deseriptions of the Vermont quarries have been given in former
reports, together with analyses and tests of the marble in some cases.

WERT VIRGINIA.

Although no output from this State has yet been secured, operations
looking to that end have bheen gotten under way by the DPocahontas
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Marble Company, of Academy, Pocabontas County, where marble of
apparently very desirable properlies has been lound. It has been
examined by experts. The following report by Mr. George C. Under-
hill shows the nature of the material and its mode of occurrence:

A careful study of the onteroppings indicate, fival, that thers are several miles of
fossiliferous marble strata, perhaps 5 or 6, exposed to plain view much of the dis-
tance and nowhere covered by more than a few fest of débris. The vein is at least
40 feet thick and lies nearly horizontal at all points, conrsing through and throngh
the low range of Lills wherein it is located. There is no possible way to determine
the full depth of the stratnmn except by core drill or uncovering the exposure to a
greater depth than has been attempted, or by actual excavation; nor does it matter
wuch whether it be proved to be of greater depth than is shown hy ontcroppings,
for there is more marble already in sight than hus ever been nsed during all the ages,
and this statement is in no sense extravagant or overdrawn. An excavation 2,000
feet squarve and 40 fest deep weonld produce 80,000,000 cubic feet of merchantable
marble—assnming that one-half the exeavations be débris—and T seriously denbt
whether thut enormous gross total has yet been produced, for while the world’s pro-
duotion now aggregates perhaps 4,000,000 cubic feet annually, it is only of late that
aven 1,000,000 was used, and it is probable that 100,000 feet wonld cover the produe-
tion of fifty yoars ago, and proportionately less aswe go back. Thus it will be
seen (hat will an aren of several miles square available it is not very importunt to
know acceurately whether the depth Lie 40 or 140 feet, especially as a 40-fooh stratum
ean be ceonomically worked.

In quality this marbla may be divided into two general grades, one ranging from
the richest Ted to the deepest maroon color, the other dove colored, riehly marked
with white mottling and dark veins. Perhaps the most important query is as to the
condition of this vast mass, for many deposits that are otherwise desirable are so
unaound and hroken by ernption and npheaving forces as to be rendered worthless.

A word a8 to the method of its presentution above the ndjseent conntry side will
make plain that no great strain could have obtained, The contour of the immadiate
conntry surrounding Marble Mountain, taken in connection with the position of all
the exposed rocks, makes it sure that the hills in qnestion were forced up from their
original level, the level whera deposition took place, without tilt].ng or contortion,
Jjust ss though some force should operate directly under & given piece of lovel
meadow land so as to lift it hundreds or thousands of feet above its natural sur-
rmmdmgu. thius making an elevated table-land or mesa, the top being nndistnrbed
and level as hefore.

1 have never seen like conditions exeept at Dorset, Vermont, where a large bed of
low-grade marble and nonerystallized limestone was foreed up in a like manner, and -
where mora than half a contury's work on an extensive scale shows a practizally soand
anil unbroken muss of marble except in i few spots where it is loeally injured, a8 in
case of the “blue ledge ™ and its immediate vieinily,

"The red and marcon marble referred to are counterparts almost of marble found

in Hawkins Connty, Tent ,and at Bw , Vermomt, both valuable and much
sought after. Many years ago the halusters and eo]nmns inside the Copitol build-
ing at Washington were produoced, at great expense, near Rogersville, in fhe former

State, and are standing advertisements for this bepntiful mg.tpri_al_

The dove-gray varieties have no known connterpart,in this country at least, except
in Clalorado, where there is a somewhat similar vein. This marble is at once chaste
ond rich, and would find & resdy market wherever besuty is appreciated. Commer-
cially the future of Marble Mountain is largely dependent on a railway outlet, but
as a valuable marble field is a great freight producer; and in view ofthemcent dis-
coveries of coal near by it 18 not possible thut the building of o raflway will bo long
delayed. Moreover, it is alinost » wounder that a rich farning distriet like that hor-
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dering the Greenbrier River for the 40 miles or more north from the Chesapeake and
OLio Railroad at Eonceverte should have been so long overlooked by railroad men,

I may mdd that I was shown one of the finest picoss of black marble that I have
ever gaen and a fine sample of agate ouyx, both of which would aid in making o
railroad pay throngh this valley.

Finally, let me say that nnder favorable conditions large returns are made from
the production of marble, and I feel confident that when it is fully nnderstood that
there are large guuntities of freight some railway company to the north or south
will reach out for it, and the rest will naturally follow.

SLATH.
.CONDITION OF TRADE.

The slate industry has been in a comparatively flourishing condition,
judging from the increase in value of output from $2,746,205 in 1596
to $3,524,614 in 1897,

This increase is seen, from the following table, to be due to unusual
activity in the production of roofing slate, the number of squares of
which has, for the first time in the history of slate quarrying in the
United States, reached over 1,000,000 squares. The two moest produe-
tive States, Pennsylvania and Vermont, have, of course, contributed
most to this inerease, which is due to the export trade and not to
inereased domestie consumpbion.  Exportations have not been conlined
to these States alone, but have characterized the trade of others as
well.

Tests of slate prodnced in this country have been made abroad, and
the verdict in some cases, if not. perhaps, in all, has been gratifying to
American produgers.

The average price per square at the quarry of all slate produced
has reached the lowest point, namely, 83.09 per square. This, how-
ever, is only 2 cents below the average for 1894, Itis not unlikely that
there will be a slight rise next year. When the demand for slate in
this country returns to the conditions of 1891 or 1892 the indnstry
ought to be in a flourishing condition, if the foreign trade is still
retained, and there is no reason whabtever for believing that sach will
not be the case.

The export trade began something more than a year ago, and the
canses which led to it were fully considered in the report for 1896.

The strike among the workmen of the large slate quarries in Wales
has at last, after months of rather bitter feeling, been settled to the
satisfaction of employers and employees, This labor difliculty was one
of the eanses which led to the exportation of American slate, which
was needed abroad to supply what had previously been largely forth-
coming from the Welsh quarries. Of course the question naturally
arises as to whether United States producers ean hold the foreign trade
they have gained now that the Welsh quarries are again produetive.
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It is generally believed among American glate producers that this
trade can be retained, as the American slate is, on the whole, looked
apon with favor a.broad and much anterpme has been shown in efforts
to pnpula.rwe our product.

The terms of settlement of the Welsh strike are, according to the
American Slate Trade Journal, as follows: i

1. (@) The grievanees of any employee, crew, or class shall be submitted by him

or them in the first instance to the local manager. If dissatisfied with the decision
af the local manager, then the said grievances ghall be submitted to the chief man-
ager, either personally or by deputation, appeinted in such manner as the workmen
‘may decm advisable, but o eonsist of not more than five employees selected from
the same class as the person or persons aggrieved, who must be included in the
deputation.

(b) Grievances in which the employees generally are interested, or which they
‘may adopt on behall of an employee, crew, or class who have submitted their
grievances under the preceding clanse and are dissatisfied, can again be suhmitted
to the chief manager by a deputation consisting of not more than six employees,
appointed in such manner as the workmen may deem advisable.

(¢) Finally, in a similar manner in all cases of importance an appeal may be
made to Lord Penrhyn, either by the individual or by s deputution, against the
deeision of the chief manager. The gronnds of such appeal shall in all cases be
fivst submitted to his lordship in writing.

2, Suitable monthly bargains will be given without delay as soon as the manage-
ment finds it practicable. ;

3. The letling of the contracts to be left in the hands of the management, who
engage all persons employad thereon and see that each employes receives his just
ratio of wage.

4. Previons to the cessation of work the average wage paid to the quarrymen was
B4, 6. per day, other piecework elasses being in proportion (viz, badrockmen 4s. 7d.
and laborers 3s. 7d.), When work is resumed this same basis will be continned so
long as trade permits,

5. All the employess who desire work in the Penrbyn quarey will be readmitted in
a body as far as it is practicable and the vemainder as soon as work can be arranged
for them, reasonalble time being allowed to those whe may now be employed at &
-distance,

The best evidence that foreign exportation of slate may be regarded
‘as a permanently established practice is that the American Slate Mart
and Wharf Company, Limited. of London, England, capital £100,000
($500,000), was incorporated on September 13, 1897. The object of this
company is ‘“to establish, foster, and develop the American slate trade
\in Great Britain and on the continent of Europe, in all its branches, by
the importation of slates from the United States,” etc. Mr. William 8,
Iles, of London, is the head of the new concern, and with him are asso-
cinted a number of well-known English capitalists. Mr. Samuel Keat,
of Pen Argyl, Pennsylvania, is a stoekholder and also the sole repre-
sentative of the company in this country.

A notable improvement in slate quarrying has asserted itself in the
mmpmt:vely recent adoption of the channeling machine in remoy
ing large masses of slate from the quarry. This machine rqphoas
-explosives. Blasting, no matter how earefully done, shatters the mek
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~ The following table shows the value of the product
‘Btates, during the yenrs 1890 to 1897, inclusive:
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Value of alate, by Slates, from 1850 o 1597.

o o alate, by

180,

Value.

roofing ; vaine.|

Vi.l'giniﬂ. Sreealieen s

Other States@.----...-.|

1 S

Sqtares.
3,104
a’ m:

23,009
2 %00
16, 767

476, (38

236, 360
3, 060

918,089
1,850
201,500
105,715
9,675
9,70
1,641,008
596, 997
113,079
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15, 330
110, 008
10, 925
2,011,726
842, 013
113,079
15,240

2,797, 904

| 5,482,513
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Value of slate, by States, from 1890 to 1897 —Contin
1804 !
State. ]
Roofing elate.|  Valoe, j
Californa ..., ..o.o_.. 200 B, 850 it -
GOOTZIR «ovmevamemncns 5, 000 ERE00 | i :
Maine........ 2 24,690 | 123,957
Margland, .ooooioeann 29,460 | 150,568 |
New Jersey .oooo.ooeen. 375 1,050 1, (5 'i
New York......... ey (RS 43,092 2,450 44,512 | -
Pennsylvania ......... 411,550 | 1,880,480 | 280,728 | 1,620,158 3
VErmOnG - sovoss sonamais 214, 3497 455, 860 202, 307 688, 167
Wirginie oooeoeoocu oo 83,955 | 118,851 19,800 | 138,151 1
Total ....... 738,222 | 2,301,138 | 4B9,186 | 2,740,324 3
5
i i
Bty ¥ 4 Other po it Sy e
Roofingslnte.|  Valne. m‘&i Tota v, | _v:
: ey N
Squaros, : b
California ... e 1,600 | 10,800 [eeuieienn: $10,500 |
e e e 4,500 T, |-eenmeveenas| 10,675 |
Malnsacwasvesiseivaas} = BT 118, 791 41, 363 140, 154 i
Margland ..ooocoon e 13,188 89,157 1, 200 60, 357 N
New Joresy ..-io-...... 200 T LI b 7w 3
Now York.--ooeooeeneen 13, 624 90, 160 1,75 91,875 ¥
Peansylvanta ... 420,687 | 1,457,697 | 210,094 | 1,647,751 J
Vermont ..... > 231, 350 581, 483 93, 849 625, 281 |
Virginis . eovvonianne 27, 085 92, 857 19,000 | 111,857 .
1 G 720,927 (2,851,509 | 947,191 | 2,698,700 |
' |
B
1
-
A
N
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MAINE.

In Maine production increased from a valuation of $124,086 in 1896
to $201,117 in 1897, Some of the quarries were required to inerease
working force very materially to fill orders.

The following table gives the resnlits of an analysis of roofing slate
quarried by the Monson Slate Opmpany at their quarries at Mbnmn,
Maine. The analysis was made by Mr. L. M. Nortou, of the Massa-
chuasetts Institute of Technology, at Boston.

Analyais of Monson { Maine) slate.

Por cent.

Loes on ignition, invluding organic matter .. 3. 88
T L M R e et 55. 42
AR AR oot Tern s vos e aaaes ne e ey 2414
Ferrousoxide, FeO . oot cmmaaniacaas ceeeanas 4.46
b =yt oo PO T e I R b2
Magneain, MQO.-----..-..-A--.-u.‘-..,-..... 2.28
Oxide of potassiom, K.O. ... . ......... 5.53
Oxide of sedium, Nad. . oo oo i 3.15
S s B L e 100. 38

The following data relative to slate quarried by the Tiast Brownville
Slate Oompany at their quarries at Brownville, Maine, were obtained by
Prof. W. O. Orosby, of the Massachusetts Institute of Technology, at
Boston:

Two 1-inch cubes were ernshed on bed; that is, the pressure was applied in a
direction perpendioular to the cleavage. The first cube orushed under & load of
29,420 pounds, while the second yielded at 29,120 pounds, In oﬁhuworda,ﬂw
average crushing strength of this slite, perpendicular to the cleavage, is 29,270
pounds to the square inch, 1t is thus mueh stronger than ordinary building stones,
which usunlly range from 5,000 to 20,000 pounds; in fact, the strength is equaled by
very few stones unid surpassed by almost none,  One cube was erushed on edge; that
is, the pressure was applied purallel with tho clenvage. It yielded at 16,750 pounds,
@ !ug‘imr rosnlt than is afforded by most kinds of slate on bed, Two slahs wers snb-
mitted to transverse or breaking strains; they were of unifnmm, (] !ne}:.aswlda,
1 inch thiek, and 11 inches long between the supperts. They were laid
mpon the supports and the load applied at the middle, bearing npon the entire width
of theslab, The first slab, which had been purposely selacted becanseit was visibly
imperfect in structure, Droks under a load of 2,540 pounds, while the second slab,
which elearly shows the normal quality of the slute, required 3,550 ponnds to break it.

MARYLAND.

Tn 1896 the total value of the output was $72,142; in 1807, %53,939;
80 that there was a slight decline, The outlook for 1898 is m to be
improved.

el
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‘Merriam, of Le]ng-h University, oﬂgmnlly_ nblis ol X
the Transactions of the American Society of Civil 1 m:

OIiI Bﬂngnr Slat&Compunx, situnted ntBangnr,l’anmytmh. TMOHIM

i about # wiles from the Blue Mountaing wnd thus al the bottom of the. me;
sluts beds. This gquarry is very much the largest in the Bangor region, a grei part.
of its product being manufactured into roofing slates, which, by general reputation,
stand high in quality.

‘The mauner of working this quarry is in benches whose surfaces wre pruraliel with
the plane of cleavage, As the henches are worked downward, the top is consbantly
being stripped off in order to nllow new ones tn be started, sand thug the horizonral
extent of the quarry is continnally inercased, its maximnm depth remaining af
about 125 feet helow the original surface of the ground. This method of working in
benches ia peculiar to this particnlar quarey, and ean be pursued only when the
unenveral urén is very lurge.  There are five of these benches, ench boing ahont 15
feet in height and from 30 to 40 feet in width., .

This s the oldest quurry in the Bangor region, having been opened in 1866, and
the horizontal nneovered area is now abont 500 by 1,000 feet,

Eonfing slates—Iu the mannfacture of roofing slates everything is done by hund
except dressing the edges. The blocks delivered at the shauties are first split into
thickuesses of about 2 inches, These are pilad up in o shanty beside a workman
called a splitter, who, with w wooden mollet and n long, thin chisel, divides pach
into Lalves, and continues the process nntil they are reduced to the requived ¢
ness of alout three-sixteenths of an ineh, He then euts ont pieces in approximate
mizes, and thess are taken by an assistant and squared off into regular shape and
size on a dressing machine. The rock requives to he kept duonp from the time it is
first exposed until iv is split into the final sizes, otherwise the cleavage becomes:
diffienlt.

Rooting slates aro made in numerons sizes, from 14 by 24 inches down to 6 by 12
mehes, the longer dimension being that whick is placed parallel with the rafters of
the voof. In all roofing wlhich is properly done, a triple lap of 3 inches is allowad;
thus, for a 24-inch slate 104 inelies are exposad, 10f inches are covered by the slate
above it, and 3 inches ave coverod by two slates above it. The amonntef alate
réquited to cover a space 10by 10 feet in this manner is dalled a square, whicl is thé
umt by whicli they aresold. Torslates 12 by 24 inches it takes 114 to m&s‘n-maﬁ;
for those 8 by 16 inches, 277 makes o lquare,anrlﬂoom

The normal product of roofing slates is enllod No. 1 stoels, und this’ is entirely free
from ribhons. In &ddlﬂun to the first quality there is a mmll praportion of the
product manufaetured into No. 1 Ribbon and No. 2 Ribbon, the former containing
ribbons near one end ouly, so that when Taid on the roof Lhe oxposed parts are free
from them. The color of the slate produced in the quarries of the Old Bangor Rlate
Company is & permanent dark blue. The eolor of the ribhons, however, is mzl’fr
Dlaele.  This is due Lo the sulphide of iron which thay vontain,
 The investigations of the propertics of slate which are found on record ure faw,
and these are nlmost entirely by chemical analysis. Silica and alumina are sup-
poseil to give strength and toughness, the earbonates of lime and magnesin are
Tiable to be acted npon and washed oud by the vain, and the sompoumls of iron and
smlphur are known to promote disintegration nuder the action of smoks and aeid
~ Bomething as to quality can therefore be judged by the mgarkm of ¢nem-
alyses, but the information thus obtained is so slight as to have littls weig-ht
] an engineer, parbicularly when he sonsiders that the mmwnlngmts inform ns
‘that the toeks of the same identical chemical composition may have guite different

19 @roL, Pr 6, VoL 2——17
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properties on account of different lithological structure. A chemieal fest of iron or
steel alfords but little information to the engineer concerning its physical properties,
and he demands that quantitative results concerning its toughness and strength
must be known. So it shonld be with stones and slates,

Method of tnuestigation.—It was purpesed in investigating these roofing slates to
experiment as elosely as possible npon those properties which are called into service
in resisting the stresses to whieh they are suliject, and npon those qualities which
either assist or resist the disintegrating aetion of the stmosphere snd weather. The
strength and tonghness of slate are important slements in preventing breakagze in
transportation and handling, as well a8 in resisting the effect of hail or of stones
mulicionsly thrown upon the roof. They are also bronght effectively into play by
the powerfal stresses produced by the freezing of water around and under the sdges,
Parosity, on the other hand, is not a desirable property; for the more water the slate
absorhs the groater the disintegeating action when it freezes and thaws.  Density is
u quality of valiue, for, in acdordance with o fundamental prineiple of the seience of
the resistance of materinls, e greater the spocific gravity of one of several similar
substances, the greater is ifs strength. Hardness may or mny not bo o desiznblo
quality according as it is related to density or to brittlaness. Lastiy, corrodinility,
or the capacity of being disintegrated by the ehemical action of snioke and of fumes
from manntactories, is certainly not desirad in roofiug slates.

A seientifio investigation was nndertaken to determine these qualities in the Old
Bungor slutes, o order to do this, such teste were selected as seemed likely to be
Both provise nud simple, and of such a character that quantitative resnlts coneermn-
ing each of the above properties conld be determined. These results will be given
below for a number of specimens, and they will ba disernased and eompared with the
view of ascertalning the relution hetween the different properties. Lustly, by the
lLielp of chemical analyses, the relation of the physical qualities to the presence or
absonen of pertain elements is to be studied.

The pieces tested were 12 inches wide by 20 inehes long, and varied in thickness
{from three-sixtesnths to one.fonrth of an ineh. They were all fres from ribhons
andd were presumably of the best produoet of the Old Bungor quarries.  There wers
twelve specimens, marked 1, 2, 8, 4, ote.  Theso numbers were keph npon fhe spaoi-
mens and their fragments thronghout the different tests, thus enabling the different
properties to be compared for each individual specimen, The general appearnnte of
the slates was very similar., ]

Strongth.—The transverse or flaxural strength of the slates was selected for experi-
ment beesuse of the ease and acenracy with which the tests can be made, and also
bevause snch stresses are brought npon it in aetual use rather than those of pure
tension or compression.  The piecees wers supported in o horizontal position npon
wooden knife edges 22 inches apart, and then londs were plaged upon auother kuife
edge halfway between the snpports. The load waa applied by means of sand run-
ning ont of an orifice in & box at the nniform rate of 70 pounds per minnte, and by
thu help of an electrie attaelment the flow of sand was sfopped ab the instant of
rupture, ‘The slales were always placed upon the Bupports so that the beveled
wdges wern on the lower side. A the load was incr i the deflection of the slate
could be olserved npon o senle and the nliimate d&ﬂeetmn wis mrm.'d&rl

The strength of 0 besm or plute broken in this mauneris indieated by the modulus
of rupture, which is the computed Lovizontal rupturing stress on the npper and
Jower fibers, and is intermediate in value hetween the ultimate eusile and compras-
sive strengih,  Let W be the Toad in pounds which causes roptnre when applied at
the middle, let { be the distance between the sapports in ineches, b the hreadth and
i the thickness of the plate in inches, These being carcfully found by al)ﬂmaﬁml,
the formnla

N

B=lupdi
furnishes the means of computing the madulns of rupture 8, whose value B8 then in
pounds per square inch.




tho sligh ran;u in the mn!t&, il thus eatnbiinhiug - !
s mothod of investigation. They give the fullowing yalues _ﬂh‘ { '

ture fn pounds per square inch, and the average of these is stated in 1 '.'{&ﬁe,

@ other specimens WWMMupounheMgerm, :

Jﬁmgu modulus of vuplurve, in pounds per square inel, of 01d mmrmm
Murk of specimew. B B e i } )

's-fa;&.'xgguwe......--..-.--.---_,-. 0,70 | 8420 | 10,195 | %100
Sforsmall slite oo T | RAW | 1035 | 810

. ds per square indL
5 &‘na.ﬂeuowing table shows tasts of Old Bangor alates:

Teats ofem mMﬁm
Surength, i  Softusss, | Porosity, | Corroditility.
Modulus %"‘ﬁ%ﬂ waer | Welghtlost
Poramure |° bywtens sitemietial P o™
Puunids; Tneh. Gping. P eant. Per pent,
| 14,550 | 0.32 | 2816 1BL | 031 | 0.410
o ) 11,540 .98 2,807 140 ST fivsasannst
: _ SYI 5 T B 2.795 | .0 430
Mzlsinenl 8850 .81 2,784 i 127 481
Breesoeesl 7,080 1 25 | 2770 &6 Sinpal i S T
.| 9220 3t 2. 759 130 AT .37
8,440 | .27 2.776 119 o5 [ B S el
1,570 | .40 2,760 130 23 551
10,215 I 173 122 g
10,900 .87 2,767 &6 = 1 ) (=B |
Josao s | o260 | w0 | Leoe 401
10,490 a2 9,784 184 ST ESE IR .

i Tho greater '
w&tﬁ&mﬁu its tnughnm, eﬂhm. thin-gl lning emml. ATl th
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The tonghness of the slute eun aleo be inferved from the msuner of rapture of the
spoeimens, Tt was observed in general that all the specimens rupunred in different
planes on the upper and lower sarfaces, so that, in fact, it often split or sheared into
two thinner sheets, which were then pulled apart from each other. The structure of
the 011 Bangor slate, therefore, is laminated and very fibrous, and henes tough and
shrong.

Speaific gravity.—The density was next determined for each specimon by waighing
it first in air and then in water, from whieh data the specifie gravity was vompnled.

The resulis given in the luble show Lhe mesn density to be 2,780,

Sofiness or oapaeity for abrasion.—'The hovdness of the slates was next tested by
sulijecting them Lo abrasion npon a grindstone, whose thickness was 14 inches and
diameter 7 inches, A piece of glate about 4 hy 4 inches was aceurately weighed, and
then held against the grindstone by o lever, which exerted a constant pressure of 10
pounds npen it while the grindstone was tmmed fifty tines. ‘The piece was then
weighed again, and the difference of the two weights gives the amount ground ofis
The results thus obtained iodicate the hurdness, or rather the softuess, for the greaker
the abrasion tho softer is the matarial.  The fuble which gives these resulis for each
specimen ahows the mean valnes to bo 128 grains,  For w roofing muterial hnrduess is .
nob nscessarily a valuable quality, and it will appeat later in this disenssion that the
solter slule has the higher strength and weathering qualities,

Forosity,—The well-known test for porosity is to determine the percentage of water
absorbed by the specimens under similar conditions. In the absence.of stundard
rules regarding the shape and size of the specimen, its degree of dryness, or time of
irmmersion, the following procedure was adopted: A piece of slate from each spoei-
men was ent to asize about 3 by 4 inches, the edges belng left rough and irregular.
These were dried for iwenty-fonr honrs in sn oven b leaperature of 1559 F,  After
eooling to the normal tomperature of the room, they wers weighed on delicale scales
aud then immersed in water for twonty-four honrs, when they wera taken ont and
weighed again.  The difference of these weights, divided by the first weight, gives
the perventage of water absorbed by a specimen. The table exhibits the vesults
thus obtained, and it is seen that the mean percentage of the samples is (0145,

Corposion by aeide,—In order to imitate the action of smoke and of sulphurous
fumes of manufactories, the following test was used: A solution of hydrochlorie
nnd sulphuric acids was prepared, consisting hy welght of 08 parts of water, 1 puré
of hyidrochlovie and 1 part of sulphnrie aeid. In this pleces of slate abont 5 by 4
ingho# in size were immuorsed for cortnin periods of {ime, having st been carefolly
weighed. After being taken out of the selution they were dried for two hours in
the wermal air of the laboratory and were again weighed, Thns the loss of weight
due to the vorresive action of the acids wae ascertained. The results were then
traonsformed into pereentages of the original weight, which give an absolute measure
of the eorrosion. Two epeciment of glate were kept for twenty-four hours in ihe
solution, and gave the following percentages of loss of weight:

Corrosion of Old Hangor simle in apid.

Par cent,
Sy B I Ol on Bl oke L o e R
B i e BT
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Two apecimens of slute were kept for sighty-seven hours in the acid solntion, and
there were found the following percentages of loss of weight:

Currasivie of A Bangor slale i acid.

Per cent.
ik RS LI e e i SR
e e e i e e e e e T R U 1 )
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Most of the specimens, however, remnined in the acid for ‘p&ﬂmidf slxty-three
hours, and from these the percentages of loss of weight 1 1 1
given in the table. After the fests the surfaces of the
traces of acid action, notwithstanding the loss of weigh

These results plainly indicate that the cormonat i TOas!
with the time. The sum of these means for twnnhy»ﬁmr To i - honrs,
and eighty-seven hours is 1.577 per cent for the specimens, which m Mw&, he
taken as the final value for eomparison.

Discussion of Ihe tests—The above physical tests were mostly made wﬂiﬁ' the
writer's direction hy Mr, J, ' Brooks, instructor in civil engineering in righ
Cniversity. Great care was taken to so condnet them that the numerical
wonld be strictly eomparable.

The recapitulation of *he mean results of these tests will o nseful a1 the Mnﬂ?
the discussion. These mean values have, sccording to the principles of the mqﬂm&_
of least squares, abont 12 times the weight of a single determination, and shonld
hence be expocted to fornish o tolerably reliable indication concerning the proper-
ties under investigation. They are given in the table below, and it is at once ceen
that the different qualities are connected by definite relations, the strongest slute
being the tonghest aud softest, s also the least porons and corrodible.

Mean veslts of physioal tests.

Property. ' Mensured by— Sliltes.

Strength . ........| Modalos of rupture, in ponnds per squareinch.| 9,510
‘Tonghness - ....... Ultimate deflection, in inches, on supports 22 | 0,313

inches apart.
Denstiy.......... Specific gravity .. T )
Softness..........  Weight, in gmm, n.'braded on  grindstons 148

under the stated conditions.
Torosity . ........ Der cent of water absorbed in 24 hours when | (.145
thoroughly dried.
Corrodibility . ....| Par cont of waight lost in acid solution in 63 | 0,446
homrs,

~ The couclusion is hence apparent that the greater the strength, the greater, also,
is the softness or capacity for abrasion. This result was unexpected, aud ean N
of conrse, be laid down as a general rule applicable to building stones, or oven fo
slates which differ grently in structure, The capacity for abrasion here seems allied
to tonghuess, or it denotes the lack of brittleness; but this relation vertainly is not
a general one, although it is trne of the roofing slates here disenssed, and alsa ts!
others which the writer has investigated. - The testimony of the quarrymen, n

mfm‘uhe hau baan able to obtain it, mnw\uilythemn]minn 1

oamﬁihﬂ:ty, and porosity and corrodibility. The conclusion is. !ﬂedxﬁhh ﬁhﬁi
theso qualities are so connectod that one may be taken as an approximate index of
uke--éﬁm:s, and, after umfnlly eomzﬂear]:ng the whole field, the wrﬂm rlm ok

o qnletkly and without expensive am)nratul. The modnl Tupt |

{ o quantity independent of the size of the upeuimnn, and h ym-. m
enginesr 4 more definite idea of the quality of materinls than do the 1dicn-
ting other properties. In making this test it will usually be easy to. memn the
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THE SANDSTONE INDUSTRY IN THE VARIOUS STATE!

ALABAMA. . o )
But little sandstone quarrying was done in 1897, but indicati
more encouraging for 1803,

ARIZONA.

Production amount.eﬂ to B15,000, a slight i mcrme over 1896, A;gm
deseription of the staff’ (uarries was given in the repor
This stone is making a good impression and has already been em
in the construction of a number of large buildings.

ARKANSAH,

But little was done in 1897; a number of quarries were shut down
for thexmara}argep&r‘hnf it.

I find it to be a sandstone wmimﬁngﬁuhe main of grains of quartz partly angn-
lar, parﬂymnnm. seattering graing of black mica {biotite), and a few soattoring
grains of ealcite and foldspar. These minerals are cemented together mainly by
zeolitie cement, together with a purely siliceons one.  The minerals of which {his
Tock is composed are highly refractory to wesnthering and nong of them ure lable to
ehange of color. None of the rock submitted conlains any iron pyrites which might
discolor or disintegrate it. The cementing snbstance resemhles slomly that of con-
erets made with hydranlic cement, unid is therefors more liable to harden than
o soften from exposure to the weather,  From the ehemical standpoint therefore T
considar the rock o very darable one.

The value of the output in 1896 was #58,989; in !
cations for the future ave better on the wl
I_.mﬂth 3

The value of output in 1896 was $426,020; the figure for 1897 was
364,604, There has evidently been a decline, but prospects for 1898
“are gaid to be better. Most of the sandstone comes from the neighbor-
ﬁmd af Pnztlana Bmmwan, a.ud ,]usb ACTOS8 the rmsr ﬁ’a’m Middletown

: ; __y the Brainerd, Bhalm' & Hall Qumy Uom;pany
lesex Quarry Company was made in the report for 1896,
quarried at Emﬁ Ha.ven ia a mther unique sanduttme, bemg
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resembling those applied to granite rather than ordinary sandstone.
It is a hard, durable stone, used freely in New Haven and vicinity in
buildings and in bridge work. A chureh at East Haven bnilt of this
material over a hundred years ago is apparently unimpaired to-day.

The sandstone industry of Conneecticut has long been one of general
interest because of the popularity of the Portland sandsfone for use in
fronts of pretentions buildings, notably residences in New York, Bos-
ton, Philadelphia, and other large BEastern cities. For quite a long
period of years this stone was in fayor among the wealthy classes, and
was gencrally vegarded as the correet thing for fronts, and as an
unmistakable indieation of the financial and social standing of the
oceupant of the brownstone front,

At present there is some reaction in the leading cities in favor of
lighter colored and less somber-looking stone, but in spite of this the
PPortland stone is still in demand in connection with light-colored mate-
rial, as it forms, when so nsed, an agreeable contrast, bringing out in
relief the light and dark stone to the advantage of both, and producing
a general effect which is an improvement npon either stone by itself.
It is coneceded by builders generally that Portland stone should inva-
riably be laid “onthe bed” in buildings and not “on edge,” if the maxi-
mum durability is to be secured. Experience has shown a deeided dif-
ference in the weathering qualities of this sandstone. according to the
manner of laying the stone on bed or edge. The producers of the stone
themselves insist that this distinetion should be observed, in justice to
the stone, as well as to the builder and owner of the edifice.

The guarries af Portland and vicinity are worked npon a large scale,
and by firms possessing ample capital and extensive plant. There 1sa
very large percentage of waste material handled at these gqunarries, and
much eare is exercised in selecting the best material only for use in
building, This fact necessitates handling enormous quantities of stone,
and to do this economically the best and most modern devices for lift-
ing and shifting large masses must be nsed, so that liberal capital must
be invested or the work becomes too expensive to pay. The Brainerd,
Shaler & Hall Quarry Company represents the consolidation of a
number of concerns with extensive eapital. The Middlesex Qnarry
Company is another important concern. Private railways, powerful
derricks, and what is probably the largest traveler in the country, if
not in the world, are to be found here.

A slaty-looking material, known to the quarrymen as “shell,” is
abundant and must be avoided; the same material oceurs in the sand-
stone at Kast Long Meadow, Massachusetts.

~ The method of quarrying is simple, and adapted to the produetion
of large blocks at a minimum of expense. Large blocks are loosened
out by the Knox system of blasting, and then men working together
in gangs pry the blocks out so that a chain may be hooked around
them, by which they are hoisted from the quarry by derricks. The
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The following test of the stone quarried by the Genesee Valley Blue
Stone Company at their quarries at Portage, New York, was made at
the Watertown Arsenal by Maj. F. H. Parker:
Tests of stone from Portage, New York.
[Compression faces dressod, sides rough.] '

Spocimen did not have parallel compression faces; and required 0.08-inch ];'aoking 3

under one eorner to seeure even bearings in msting muclines.
‘Soctional area, 5.04 square inches,

At 502,000 ponnds stone }adgan to erack at one nomer Gradnal opening of cracks

along two edges after passing the above load.

Ulhmnta atrength, 711,100 pounds = 14,110 zwtmﬁa per square ineh,

Burst suddenly into fragments nnder the :mxuun.m lond. One principal piece
pyramidal shaped.

The following tests of bluestone quarried by the Warsaw Bluestone
Company at their quarries at Warsaw, New York, were made by Lient,
Uol. D. W, Flagler at the Watertown Arsenal:

[ oy e s
| Test No., . AR GAIIAA __Eh'ﬂ'
Totat, |Perentio| yopyy | Comprossed

Lbs. 0z, | Pounds. | Trches, | Inches.| Inches,| S3.1n. | Pounds. | Pounds. | Pounds,
6648 | 11 T4 | 158.2 | 5.015.00 | 5.00 | 2500 | 499,200 | 499,200 | 19,968
\ 6640 | 11 6 | 157.3 | 5.00 | 5.00 | 5.00 | 25.00 | 478,900 476,900 | 19,076
6650 | 1L T | 157.3 | 5.01 | 5.02 | 5.01 | 25.15 | 478,400 | 478,400 | 19,022

Pyramidal fractures; stones burst into fragments when the masimum load was
reached,
NORTH CAROLINA.

The output of sandstone in 1897 was valued at 811,500. This is

slightly below the value of the produet of 1896.

OHIO.

The sandstone industry in Ohio is a large and important one. The

value of the ontput in 1892 was $3,300,000; since that year, however,

owing to the general depression in business, this high figure has not

a@a,in been reached. The value of the output in 1897 was $1, 800 058,
The stone is used for a wide range of purposes, including huﬂﬂing,
flagging, curbing, grindstones, whetstones, ete.
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Wind of Ktome.. Arca. mmm "

. in. Pounds.
A 16, 800D
34,550
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VIRGINLA, }
Very little sandstone was quarried in 1897,
WASHINGTON.
Production increased ;hm #$11,000 in :

TFenta of sandstone fram Chuelanut, Washington.
[Compressed surfaces faed with plaster of paris to secure even bearings ju the testing muchine.]

mmaam Tntimate strengih.
Height. Gwmmnmn& i Ch Tutal,

I Per s, in.

Twehes. | Twchos, Im,| Bt | Pownds. | Powsds. | Pownds,
T8 | 8,09 4.22| 4.20 17.72 | 178,000 | 182,100 | 10,276
7179 | 4000 | 433 | 4.20  17.85 | 183,000 | 221,900 | 12,790
7180 | 420 4.2 4..%:‘1’21 17,81 | 182, 000 | 197,700 | 10,750

Production increused from u valuation of $24,693 in 1898 to &4‘7,2%
m;am. Bausiness is generally reported as improving t

WISCONSIN,

The value of the uutput in 1896 was $65,017~ iu 189‘7 #3&529
it following analysis of the sa
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of Chieago was made by Mr. J. Blodget Britton, of the Ironmasters
Laboratory, of Warrenton, Virginia:

Analysis of Ilinois limestone.

Caleinm carbonate, Calos ..oooe oo 52.76
Magnesinm carbonate, MgCos. oo oo 45,04
Oxides of iron and aluminnm ... ... ... ... 1.48
Insoluble matber - ... oo oo i W
Wb ad Toss 2 1 e T .61

L e e

INDIANA.

The value of the limestone output in Indiana reached the highest
figure since 1891, when it was very little more than that for the past
year, for which the value was $2,012608. Of course the Bedford
oélitic limestone contributes the bulk of this output, The oilitic stone
of Bedford was fully deseribed, legaﬂ;er with a consideration of
methods of quarrying, occurrence, ete., in the report of 1896 by Mes:
T. O. Hopkins and . B. Siebenthal. The latter gentleman has also
contributed further information, whjoh is presented further on in this
report.

The erushing strength of the stone quarried by the Hollensbee Stone
Company at their quarry at Westport, Indiana, was determined by
General Q. A. Gillmore, U, 8, A, and found to be 16,875 pounds per
square inch.

A test was also made by General Gillmore of stone quarried by the
Greensburg Limestone Company, at their quarry at Greensburg, Indi-
ang, by which the average crushing strength of two 2-inch cnbes was
found to be 16,875 pounds per square inch.

Tests made by Mr. W. 8. Blatehley, Indiana State geologist, of lime-
stone from the quarries of the Acme Bedford Stone Company, at Clear
Creek, Indiana, showed a crushing strength of specimen on natural bed
of 11,770 pounds per square inch, and a crushing strength of specimen
on adgva of 10,119 pounds per square inch. '

An analysis of this stone will be found in the following table of
analyses of Indiana limestones.
19 groL, p1r 6, voL 2——19
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THH BEDFORD DOLITIC LIMESTONE.
By C. E, SIEBENTIIAL,

Ocourrence.—The Bedford limestone occurs as o massive stratum,
varying from a few feet to mnearly 100 feet in thickness, intercalated
near the middle of the Lower Carboniferous limestone of Indiana. Its
labyrinthine outerop has been traced in detail through an extent of
over 60 miles through Owen, Monroe, and Lawrence counties, To the
south of this area extensive deposits of good stone are known to ocenr
in Washington, Harrison, and Crawford counties, and though the
exact limits of these deposits remain to be traced the stone is nndonbt-
edly continuous southward from Lawrence County to the Ohio River.
The stratnm is massive, olten without an inlerruption from top to bot-
tom, and the size of the blocks which may be quarried is limited only
by the capaeity of the quarry machinery and transportation facilities.

Physical character.—~'T'he Bedford limestone is essentially a freestone
in that it works nearly equally well in all directions. 'This fact is due
to its semiorganic, semiclastic nature. In places its true oilitic charac-
ter shows ifs organic origin, while in others the oilites are entirely
wanting and the local cross bedding and granular structure betray its
clastic origin. The size of the grains varies in different parts of the
odlitic area and in different horizons at any one locality. Scattered
over the whole odlitic area are local developments of the limestone in
which the granules are very small, with remarkable uniformity and
homogeneity. This constitutes the so-called “No | stone,” which just
now has the call of the market. The coarser varieties, though quite
as durable and easily worked, and as handsome when erected, are
comparatively neglected.

Oolor.—The original color of the odlitic stone in all cases varied from
a light to a rather deep blue. On the outerops and along the vertical
clay seams, where the gtone has been exposed to the leaching action of
terrestrial water impregnated with organic acids, the stone has been
changed to a buff. The bluer the stone was originally the more pro-
nounced the bufl after leaching. Thelighter varieties of the unbleached
stone can scarcely be told from the bleached stone of the same variety.
It is a peculiar fact that the freshly quarried blue stone does not bleach
on exposure to the air, but tnrns a deeper blne—that is to say, the outer
surface does, but beneath this thin coat the stone has a pronounced
reddish cast as far down as it has been affected. It is for this reason
that buildings built of the blue stone do not become bufl’ in course of
time, as would be expected,

Both the “buft” and the “bloe” stone are marketed, thongh the
mixed buff and blue is almost a dead loss. At present the demand is
strongest for the former color. A few years ago the preference was for
the blue stone, and in a few years is likely to be soagain. While the buft
stone is necessarily confined to that zone which has been subjected to
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the leaching action of terrestrial water and is thns limited in quantity,
the blue stone, on the contrary, extends hack as far as the ledge reaches,
and the aceessible amount is limited only by excessive stripping. It
may be remurked in passing that heavy stripping, or rather rock strip-
ping, has been found to be not so disadvantageous as was formerly
supposed. The expense of stripping in all cases must be distributed
between the ehannel ents of salable stone below, and the more channel
ents of such stone the larger the profit on each. Rock stripping means
that the expense is to be borne by the full thickness of the oblitic
stratum. Fnrthermore, a rock stripping generally acts as a rool; keep-
ing the oiilitic stone below free from percolating waters and thus dimin-
ishing the loss from mixed stone and from clay seams.

It is to be presumed that the blue stone, not having been snbject to
leaching and weathering, is the stronger and more durable stone, bufi no
tests have been made which bear on the question other than the tests
of actual experience in buildings, and the facts in regard to such are
nof sufficient to warrant a conelusion.

Urushing strength—Formerly great erushing strength was the firat
desideratum in & building stone, but in these days of steel skeleton
construction a more moderate erushing strength is required and more
stress is laid on pleasing color, ease of working, and homogeneity of
texture. Many compression tests have bheen made upon the Bedford
limestone, in both the green and seasoned states, and with sawed and
tool-dressed specimens. The results vary widely, as mighl be expected,
A series of tfests recently made uuder uniform conditions gave an
average of 7,000 pounds per square ineh for 2-inch sawed cubes, with a
maximum of 13,200 pounds. It is a well known fact that the crushing
gtrength increases with increase in the size of the specimen tested.
The large masonary blocks ave able to stand a much greater pressure
per square inch than the 2-inch eubes used in making the fests. The
result of the tests shows a very ample margin over what the stone is
called upon to bear in the lower masonary courses of the tallest
buildings. '

Refractoriness,—A series of experiments on l-inch cubes were made
to determine the fire resisting qualities of the Bedford limestone.
Heated to 1,000°2 ¥, and plonged in cold water, the cubes were not
affected, Heated to 1,200° F. and plunged in cold water, the cube
ernmbled slightly along the lower edges. Heated to 1,500° F. and
eooled in air, the eubes retained (heir forms intact but were calcined in
a marked degree. This shows that the stone will withstand the ellects
of fire np to the point of caleination.

Ohemical composition.—The Bedford limestone is a nearly absolutely
pure limestone of remarkably uniform compesition. Lime carbonate
constitntes on the average 97 per cent of the whole, varying in differ-
‘ent samples from 95 per cent to 98 per cent. Tt thus equals in peint of
purity the French Caen limestone, and surpasses the linglish Portland
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ovlitie limestone, the former of which contains 97,60 per cent of lime
carbonate and the latter 95.16 per cent. It is excelled in purity by the
parest marbles only.

Dareability.—Since no structure nilt of Bedford stone is known of
greater age than (0 years, we must estimate its durability from the
well-known durability of pure limestone and the aility of the Bedford
stone to withstand sudden extremes of heat and cold as shown by the
fire tests above.

The effects of weathering exhibited by buildings 60 years of age are
inconsiderable. .

THE QUARINY IMETRLIOTS.

The quarries of the ailitic belt naturally gronp themselves into the
following districts: Romona, Owen Uounty; Stinesville, Ellettsville,
Bloomington, and Sanders, Monroe County; and Bloff Ridge, Dark
Hollow, and Bedford, Lawrence Connty.

Fomona distriet.—This, the most northerly of the quarry districts, is
in Owen Connty at Romona Station, on the Indianapolis and Vineennes
division of the Pittsburg, Cineinnati and Chicago Railroad.

First and Iast & number of quarries have been in operation here,
lhough al present but 3 are equipped with machinery, and but 1 was
in operation in 1897,

The equipment in this distriet is as follows: 10 channelers, 7 saw
gangs, 3 planes. 1 lathe, and the necessary travelers, derricks, steam
drills, etc.

Stinesville digtrict.—The first quarries to be operated on a business-
like scale in the odlitic limestone belt were on Big Creek, 1 mile west of
Brinesville, These were opened in 1854 by the firm of Biddle, Watts
& Co., of Pittsburg, Pennsylvania A guarry is still in operation on the
site of the old quarry. T'en quarries have been opened in this distriet, of
which 7 are now equipped with machinery, though but 2 were in opera-
tion in 1897, The equipment of the district is 18 channelers, 21 saw
gangs, 3 planers, 2 lathes, ete.

Litettsville district,.—This also was one of the early regions to be
developed. In all, 9 quarries have been opened, of which 3 were still
in operafion in 1897. The equipment consists of 3 channelers and 16
saw gangs.

Bioomington distriet.—The quarries of the district are located in
Huaonter Valley, which lies 2 miles northeast of the city of Bloomington.
The region has been only recently developed, the first quarry being
opened in 1890, Nine quarries have been opened, of which T were still
in operation in 1897, The equipment shows 28 channelers and 22 saw
gungs,

Sanders distriet.—This district includes the guarries in the vieinity
of Sanders station, on the Chicago, Indianapolis & Louisville Railway
(Monon route), and has been developed since 1388, Hight quarries
have been opened, in all of which, with one exception, the machinery is
still in plaece, though but 4 were in operation in 1897, The equipment
is 20 channelers, 10 saw gangs, ete.
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Buff Ridge distriect.—This district lies about the village of Oolitic,
Lawrence Oounty. Tt 1s the most productive district of the oilitie
area, producing in 1897 nearly one-half of the entire outpnt of Bedford
oblitic stone. Out of 10 quarries which have been opened, 7 are still
in operation, though but 5 were active in 1897, The equipment ix as
follows: 50 channelers, 20 saw gangs, G planes, and 1 lathe.

Dark Hollow distriet.—This was one of the first districts to be opened
up in a large way and has contributed very largely to establish the
reputation of the Bedford stone. In all, 6 quarries have been opened,
of which 3 were in operation in 1897. The equipment consists of 15
channelers, 6 saw gangs, drills, ete.

Bedford and wvicinity.—The remainder of the quarries in Lawrence
County are grouped more or less closely about Bedford. Sixteen quar-
ries have been opened in this region, of whieh 10 are still in operation,
though but 3 were active in 1897, The equipment consists of 20 chan-
nelers, 44 saw gangs, 7 planers, and 7 lathes.

PHICES,

At the beginning of the industrial depression in 1893 the price of
Bedford stone was 20 cents per cubie foot in seabbled blocks, free on
board cars at the quarry. This price was maintained by general agree-
ment until 1895, sinee which time prices have fallen nearly one-half.
The price of mill bloeks to-day runs from 10 cents fo 20 cents per enbie
foot, with the larger amount of sales much nearer the former fignre
than the latter. The price for the season just past seems to have
recovered to u certain extent, as an inspeetion of the figures below will
show that, while the production has fallen off slightly from 1806, the
value of the same shows a gain on that of the former year. A notice-
able feature of the year just past has been the remodeling and enlarg-
ing of stone sawmills and the erection of new ones. Almost one-half
of the product for the year was worked up in home mills. This muay
account in part for the apparent advance in price nofed above.

Production and velue of Bedford oilitic limestone from 1894 1o 1897, inclusive.

: Crnantity. Value,
1894, Crubie feét.
Monron pnd Owen sounties .. 2176240 $576, 962
LEawrence Connty ... ...o0 - 2,404,172 577, 284
i Vs g e s B B I 4, bEO, 418 1,154, 246
1895,
Manroe and Owen counties . ... 2,837,716 761,792
Eawrenes Clounty —. oo oo 3, 030, 5491 TVl 468
| =
Total oocoee o riatina]  BeBERB0T 1, 523, 260
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FProduction and value of Bedford giilitic limestone from 1834 lo I597, inolusire—Cont'ds

uantity. ! Value,
1895, (uliie foet,
«Monroe and Owen counties .. ... 2,016,926 $483, TI9 I
| Lawrence County ........_...... 8 435 656 725, 883
Total ssemaseoconiionoo .| 0458, 682 1, 209, 632
1897.
|

| Monroc and Owen counties ..... 1,792, b&j 502, T8
Lawrence County _________..... 3,690,303 841, 410
i1 e =T 1, 344, 158

T0WA,

The value of the limestone output in 1896 was $£410.037; in 1897 the
corresponding figure wus $480,572. The quarries of Iowa are in gen-
eral small, but the aggregate makes an industry of considerable
magnitude.

KANSAS,

Better conditions have prevailed in the stone Dusiness of thiz State
in 1897, as the value of the output increased frowm $158,112 in 1896 to
$208,880 in 1897, Most of the producers speak in mueh more cheerful
vein than for some years past.

KENTUUKY.

Business was not so geod in 1897, for whieh year the output was
. valued at 840,815, considerably less than for 1896. ITowever, during
the latter part of the past year indications were decidedly better.

MAINE,

A few years ago, and notably in 1802, the production of limestone at
Rockland and vicinity was an industry of much greater magnitude
than at present. The decline has been simply on acconnt of hard
times, and jodging from gains made during the past year the old status
will be regained before long. The outpul for the State in 1896 was
valued at $608,077, and for 1807 at $742,877. Practically all of the
value represents the lime made at and near Roekland, which has made
a national reputation for the quality and abundance of pure limestone
there found.
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The following analysis of the limestone quarried by Mr. George M.
Busbey at hiz quarry at Cavetown, Maryland, was made by Messrs.
Lehman and Glaser, of Baltimore, Maryland:

Analysis of limestone from Cavelown, Maryland,
Por vemt,
Ratien) Silen o e e 0.47
EAmellat . e 55.51
Losgon igaillon o ool i s s 44,02
B T e 100, 00

MASHACHURETTS.

The value of the product in 1896 was $118,622; in 1897, £126,508,
A slight gain is evident. The most abundant stone in Massachusetts
is granite, and limestone quarrying has never been prominent.

The following analysig of lime made from limestone guarried by
Messrs, Hutchinson Brothers, at their quarry at New Lenox, Massachu-
setts, was made by Mr. W, M. Habirshaw, ehemist, New York State
Agrieultural Society:

Analyvis of limestone from New Lenoxr, Massachusetts,

| FPer cent,

V] B e R e GO S o 5. 66
TN 1 e, L6
Oxide of iron and alaminmm......co.oesaenans P i g
BN o e e o s v e 114
Fondion IO oo s e s s amarsensaisioasnsase 3,00
1 TR S s s e B R e s e R 100,78

- ! "= Fal

MICHIGAN,

The value of the ontput in 1896 was $109,427; in 1897, $215,177, or
nearly twice the figure for the former year. Business was in every way
better than in 1896, Most of the produet is burned into lime.

MINNESOTA.

There was an increase from $228,992 in 1896 to $236,397 in 1897, a
difference not large enough, however, to have much significance,




































