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VALUE OF STONE PRODUCED IN 1895 AND 1596,

The following table shows the value of the different kinds of stone
produced in the United States during the years 1895 and 1806:

Falue of diffevent Finde of stone produced in the United Stales duving the years 1895 and

1898,
Rimd. 1804, 1886,
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Talue of granite paving blooks made in 1595 and L5865, by States.

Btate, 1805, TED6.

RO e e S e e #34, 079 #73, 390
(e e LN i ey O B 46, 830 32, 592
Delawnre - oo s e e s 16, 5546 17,074
Bnoplince e - BlAl b e e NS 232,041 &4, 590
Mrbpes s e s e e s T G365, 063 344,101
Mty s | leees Bogh DAl o p ol 2, 853 83, 053
Massachusebbe.co- oo ooi oo 486, Hd4 A28 784
LT T R I L S R
Mbaoit s i et e e 22,014 | 27,911
Wi 2 o e o e ey 16,823 26, 358
WaweJersey ot oot e s oo 39, 389 14, 847
o, e T e P e 165, 443 24, 5384
N orth OIS b S el s s s 1,320 1, it
LE e R e L 210
TR e e S e e a0, B3 65, 580
Rbvofa TR0 oo e e 48, 265 50, Bl
Bonth Qarolna. Coo ol ool S e el 12, 505 4, G4L
Sonth Tl-'lliulmu..___.._____._..,.__........____'| 20,800 24406
By Lo B ey e e s | 80, 702 80, P
VRO R s e s e e s e 8,028 10, 129
g AT e e S S e A W e 17, 000 25, 688

'l‘u!.ul‘....__.‘____._‘____________--_____i 1,773,338 | 1,251,736

The value of the total granite ontput in the United States in 1896
falls below that of 1895 by 949,584, This is not so great a difference
as that between the figures of 1895 and 1894, but it is nevertheless a
seripus falling off, due, as heretofore, only to the general depression.
It would be a very serious mistake to ascribe the decline in granite out-
put to anything else than hard times, for never before was it put to a
larger munber of uses than at present, and its popularity for monu-
mental and cemetery work is steadily inereasing. It is being used
more and more in the form of polished pillars and slabs in our publie
bmildings, while even houses built in blocks for renting in some of pur
large cities, notably Philadelphia, are to be seen with polished granite
pillars supporting the roof covering front porticos. The enduring qual-
ities of granite are sure to appeal to good judgment in building, and
where expense is not too serions a consideration granite will have pref-
erence over a number of other kinds of building and ernamental stone,
The expense attached fo the use of gravite is largely a consequence of
the diffienlties in eutting, polishing, and ornamenting it. The price of
ernde granite for monmmental use runs from 70 cents to $1.50 per eubio
foot, while the price of ernde marble for the same kind of nse runs
from #2.25 to $12 per foot.
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ELECTRICITY IN STONE QUARRIES AND YARDS.

The following is an abstract of an article in Stone for July, 1896:

The transmission of power through the ageney of electricity has been
tried at a nmmber of European stone quarries, and notably by the Hai-
nanf quarries, at Soignies, Belginm. By the present process of trans-
mitting power by steam there is much loss by condensation of steam in
passing through long pipes, particularly in cold weather. By the nse
of electricity this is of conrse avoided, and the number of employees
needed is reduced. The quantity of fuel necessary is mueh smaller,
while the ease with which speed is controlled in electrical apparatus
does away with objections made to steam apparatus because of its sud-
den, jerky action, and naturally reduces the expense for repairs, At
the plant above-mentioned a single Sulzer compound engine of 300
horgepower moves suws and runs two generators for mixed service, such
as lighting, running pumps, capstans, and cranes, ete. ' Tmmense blocks
of stone are handled by a traveling crane of 60 tons capacity run by an
electric motor.

The success which has attended the innovations of the Hainaut com-
pany is attested by the fact that in 1894 substantial additions to the
original plant were made.

PNEUMATIC TOOLS AND COMPRESSED AIR.

Pneumatic tools,' at first ernde and complicated, have been so
improved that they now deliver 20,000 blows per minute at a pressure
of 80 pounds per square inch. The paiuful recoil has been done awuay
with by the nse of an air cushion. A machine is used for surfacing
granite, and a larger tool is employed, mounted on a radial arm sup-
ported on a post; these are capable of snrfacing 60 square feet of
granite per day, Compressed air,as a means of transmitting power
for other machines, seems to be rapidly replacing steam, which, owing
to leakage and loss of heat, is decidedly less economical than eom-
pressed air.

LY

THE GRANITE INDUSTRY IN INDIVIDUAL STATES.

California.—Prodnction declined from a valnation of £345,806 in
1893 to #215,883 in 1806. The granite industry in this State is at a
low ebb. This is the almost nnanimous verdict of the producers,
and recuperation is not expected for several years.

Colorado.—Production inereased very slightly, but there has been
no radical improvement, and quarrymen say they ean not see how
the industry eould be in any worge condition than at present.

Connectivut.—The output of granite in 1396 was valued at $794,325;
business showed considerable improvement, and the value of the out-
pnt increased from 779,361 in 1895 to the figure named above for 1806,

¥ Stone; September, 1896,
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The following gives the results of investigation of a trap rock at Meri-
‘den. The stone is nsed chiefly for road making and was guarried by
the Byxbee De Peyster Trap Roek Company, of Meriden. The mechan-
Jdeal test was made with testing machine at Watertown Arsenal, Massa-
chusetts, by Maj. J. W, Reilly.

Crushing test of trap rock from Meriden, Connectiout.

Fm nimber:| Sectionaluren | Fisst Geack. m é 1 Poguncs ok,
| By, in. Pounia, Fornis, Powidi.
8175 9,61 163, 000 835, 600 84, 920

The following analysis was made at the mineralogical laboratory of
Yale University, at New Haven, Connecticut, by Mr. J. H. Pratt,
chemist.

Analysis of wample of lrap ook from Meridén, Cowneelicul.

Per oant.

SHieag BI08 . icl et BB
Almminum oxide, Al il saviciaiimanaimiaaiain| 165:068
Feres oo B0 o e 2.31
BT LTE (L) S P S e o YRR S G e Aty 482
Titaninm exide, Ti0: -21
Manganous oxide, MnO... B2

‘ Mugnesinm oxide, MgO 508
| catetun oxide, Cad .88
1 Potassinm oxide, KO ...... .. s 42
Bodinm axide,HmO eemrrasseassssses e e 4004

(B U e NSRS e s %24 )

b i e e e

Specific gravity — 2.965.

Granite from a quarry at Greenwich showed a crushing strength of
18,350 pounds and 25,030 pounds to the square inch, and a modulus of
rupture of 3,645 and 3,757. The latter test was made by placmg a slab
18 inches long. 1 inch wide, and 1 inch thick on the two supports 15
inches apart and adding to a load in the middle until the slab yielded.
The load applied in one case was 162 pounds, in another 167, thus giving
the moduli of rapture mentioned above.

In regard to the granite quarried by the Columbia Granite Company
from & quarry recently developed near the narrows of the Connecticnt
River, 4 miles southeast of Middletown, the following data have been
obtained: The granite is of two varieties, about equal in amount. One
is a coarse-grained stone of reddish east from the flesh-colored feld-
spar; it contains a finely divided black mica in moderate quantity; it
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Aeata of granite from Middletown, Conneoticut—Continned
FINF-GRAINED GRAY GRANITE.
[Mark: “ South end B."]

| Strees bu purinds coni-

Presaion ;X Enum.
Test, Tow e nm‘“‘ug' Thiek. || o Firat
nmber,  tested, beight, | breadtl, | Teo8: eruck.

Om Pear
specimen, | sguareinel.

1054 |M 2,007 | 2,00 | 2,00 | 4.00 | 126500 130,100 | 32,525
1066 | Bed.l.| 2,002 | 2,00 | 2.01 | 4.02 95,500 | 124,700 | 31,019
1056 | 2,007 | 2.00 | 2,00 | 400 | 129,000 | 180,800 | 82,700
1057 Bdge..| 2,001 | 2,00 | 2,00 | 4.00 | 119,000 | 120,200 30, 650
1058  Bed...| 2,000 | 2,00 2:000 | 4000 faeasicaa.] 180,000 12, 500
1069 | Bed...| 2002 199 | 200 | 5.5 | 126,900 129,600 22,562
1060 Bed...| 2.007| 201 | 2,00 | 402 | 110,000 | 120,600 | 30,000
1061 | Bed._.| 2,001 | 2,00 | 2,00 | 400 |.eeeeoo..| 117,600 29,400
1062 | Bed...| 1.988 | 2.00 | 2,00 | 400 | 135000 | 136 300 34, 076
1063 | Bdge..| 2,001 | 2,00 | 2,00 | 400 | 127,800 | 128,900 82, 050
1064 | Edge..| 1.999 | 1.99 | 1.99 | 8.4 |..........| 120,700 | 80,888
1065 | Bed... 2.004 | 2,00 | 2,00 | 4.00 | 128,000 | 128,600 | 82,150

5
2

COARSE-GRATNED i RANIIE.
[Marks * Middie lodge B."']

1066 | Bed...| 2,026 | 2.01 | 2,00 | 404 | 85000 86,700 21,460
1067 | Bed...| 2,025 | 2.02 | 2,02 | 408 | 89,000 | 90,000 | 23 058
1068 | Bed...| 2,007 | 2,01 | 2.02 | 406 | 100,000 | 100,500 | 34,758
1069 | Bed...| 2.011 | 2.01 | 2,02 | 406 _.........| 808,000 | 91,821
1070 | Bdge..| 2.013 | 2.00 | 2:02 | 4.04 A1,000 | 82,100 | 23,707
1071 | Edge..| 2:027 201 | 2,01 | 4.04 76,000 | 88,200 | 21,831
1072 | Bdge.. 2.umi 201 | 201 | 4.0d4 BLOOO | 82,700 | 20,470

Delaware,—The industry in this State fell off slightly. Although
operations for the entire State are not large, quarrying methods are
advanced and well conducted. TImprovementin the magnitude of busi-
ness will follow the advent of the expected prosperity.

Georgia.—Production in 1896 fell off very markedly, namely, from a
valuation of 508,481 in 1805 o $274,734 in 1806. No improvement is
expected until the general conditions of trade become better. Maj.
J. W. Reilly, of the Watertown Arsenal, found for the Stone Mountain
granite a crushing strength of 25,630 and 28,130 pounds per square
ineh, both on bed; for Lithonia stone, 30,320, 28,290, and 28,250, all on
bed. Results of a.nothar series of tests of Lithonia gmmto are as fol-
lows. Tests made by Mr. John Bradley.
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areas occupied by these minerals in the thin sections, the follbwing
percentages arve thonght to fairly represent the rock:

Mineral composiiion af_gm’nitc JSrom Port Deposit, Maryland.

Por cunt.
BIOHILE (T0168) +vvuerins cenescamanmenns 0.7
Orthoolase (potash-faldspar) ..._........ 9.0 %43 "
He e { LUl T e e
RUARLE e e e it LD
Tptdober i e L 8
Tatal ... Bttt EA A s Dl

This represents an acid soda-granite of true igneous origin which has
subsequently been foliated throngh pressure,

The following physical tests of Port Deposit granite were mude by
Messrs. Booth, Garrett, and Blair, of Philadelphia, on 4 Zineh cube:
Crushing strength, 84,750 pounds for 2 inches; equivalent to 21,180
poumnds per square inch.

Massachusctts—The output of 1895 was valued at £1,918,894; in 1806
the corresponding figure was $1,656,973. There has been evidently a
decrease in product. Many producers speak in a decidedly disconraged
tone, but feel that as the situation can hardly become worse there must
soon be a change for the bhetter.

The following data relative to the character of granite in different
localities have been obtained :

Granile from near Westford, Middlesex Connty, gquarried by Messrs,
H. E. Fletcher & Co,, showed a croshing test of 16,091 pounds to the
square ineh. Size of speeimen, 4.10 by 4.04 by 3.97 inches. TFirst
erack oceurred at 116,000 pounds. Ultimate strength, 258,100 pounds,
equal to 16,091 pounds to the square inch. The test wus made at the
Watertown Arsenal,

The W. N. Flynt Granite Company, of Monson, report the following
facts relative to trap rock quarried by them: The Highway Commis-
sioner of Massachusetts determined what is known as the ¢ coefficient
of wear™ fo be 22.13. The following analysis of same is credited to the
Watertown Arsenal:

Analysis of granite from Monson, Massachuselts.

Per cent.

N e L N R e e 52,59
Parrtoanide:so cisesscvinainiiais i) ST
LTS R O U 23,49 |
35 e e e S R S e 0,06
e e R e B e 28
Menganoos- oxile s rn n s s e e 00|
Uaht AN T o W e R P g, g 2t T
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The following facts as to Chester granite, quarried at Ohester,
Hampden Connty, were snbmitted by the Hudson and Chester Granife
Company :

Prof. B. K, limerson, of Amherst College, malkes the following state-
ments relative to this granite: Its color is a clear gray. It is of fine
and eéven grain, and has strength abundantly sufficient for all arehilee-
tural demands. A microscopical examination detects no constitnents
which ean impair its durability or cause it fo tarnish under the influ-
enceof theweather. Pyrite is present in minute quantity, but it shows
no Lendency to rast. The evenness of the color and grain and the
absence of all banding and blotching are all that conld be desired, and
this enables the quarry to furnish a stone which will meet all arehitec-
tural demands, and will satisfy the more exacting requirements ol the
higher ¢lasses of monumental work,

Prof. J, If. Kemp, of Columbia College, New York, states that the
granite has 4 gray or blnish-gray eolor of a medinm shade and is very
pleasing in its appearance. 16 is very homogeneous and of moderately
fine grain, and has a texture well adapted to tool treatment.

The minerals entering into the stone are quartz, orthoclase and
plagioelase feldspar, green biotite and colorless muscovite (i. e., dark
and lght colored mica), a little magnetite, and a few rare aceessory
minerals. 'The several sections failed fo show pyrite, and althongh the
chemical apalysis indieatos itin & very small amount, it is quife insig-
nifieant, and need not be feared, either as a source of weakness or of
stains,

The chemical analysis gave the following results:

Analysis of granite from Chester, Massiaehusetts.

Per cunt,
Moigtnre yialded at 1109 Qe v cnes e mnainnes 0,08
Further losson dgnifion .-~ 2io. oo coenna i, 0T
=07 e 1 3 T TS DI RN
Ferrlo'oxide (Fa0y) cos. cosvvs fidansssnsariaaaz 80
D T R FL B e S et B (R
l Manganons oxide (MuO). .. .ooooooaiaiiiacaaio. Traee:
= L L 2,57
Mupnssia (Mgl ..o .ci st s iemeais e 0. 305
Potath (el icien s ir s vt s s srem i 07
e L e e e e e 3m
i o o e R R s 0.04
7y 71 PNl sl b S e SR S S 12]

This analysis indieates a granite with a medium percentage of silica,
and with nothing of unusnal or deleterions character in its composition,



960 MINERAL RESOURCER.

The sulphur, which is present as pyrite (the salphide of iron), is praeti-
enlly insignifieant. A few minute specks are the only signs of it to the
eye. The amount of iron is quite low.

Minnesota.—Prodnetion in 1805 amounted in value to 148,596; in
1896 the eorresponding ligure was 153,207, showing an increase of
nearly 7,000, Under prosperons conditions the granite indostry
woulid probably progress regularly. In 1802 the value of the outpnt
was $560,000, showing whar can be done under flourishing conditions,

Missouri.—Production fell off from a valuation of $198,987 in 1895
ta $107,710 in 1896, The following is an abstract of a paper by Prof,
Charles I&. Keyes, State geologist of Missouri:

The granites are coulined fo the southeastern part of the State,
where they ocenr in irregular masses and isolated Lills extending over
an area of 3,000 square miles. Granites and porphyries arve the prin-
cipal fypes, with several varieties of dark trappean rocks, chieily
dinbase, occurring in the form of dikes. They are the most noeient
rocks of the State,

The approximpte ecenter of the erystalline district is Pilot Knob, lron
Connty. Forua distance of perhaps 12 miles in all directions from this
point the muassive crystallines form the greater portion of the surfice
rock, while in an easterly direction they are practically continuous for
more than twice as far. To the north the exposures do uob reach
mueh beyond Bismarck, 5t Trancois County. Northeastward (hey
are found in St Genevieve County, 30 miles from Pilat Knob, On the
east, hills of similar rock are abundanb as far as Castor Oreck, in
Madison County. To the south they streteh away in large masses for
many miles, with oceasionul onterops as far as the boundary ling of
Butler County. To the northwest they extend into Shannon County,
and perhaps even beyvond. They streteh ont to the west almost
unbrokenly to the east fork of Black River, while nnmerous seat-
tered Lills continue even beyond the middle fork of the same strean.
Toward the north similar rocks oceur at short intervals as far as Liltle
Pilot Knob, in Washington County. The stone has been used in
Liallas, Kansas City, Omaha, St. Louis, Des Moines, Minneapolis, New
Orleans, Chieaga, Indianapolis, Cincinuati, Cleveland, anid Baltimore.

It has been demonstrated that apparent lines of sedimentation in
this roek are really psendo-stratification planes, and that they have
been developed in a way that is widespread among rocks that have
cooled from molten magmas. The eontiunity of the massive rocks is
interrupted by numerous lines. The porphyry appears to be the sor-
face fucies ol Lhe course grained granite, and seews to gradnate down-
ward into the latter. The nnmerous lines of fractnre are most of them
merely joint planes; many are slight fanlt lines, while still others have
the walls spread apart, the space being filled with'basic material which
often forms dikes, sometimes of considerable breadth,

Dikesof basic rock oceur rather abundantly, They range from afew

1
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This granite is well adapted for bnildings, possessing suilicient
strength and tonghness to carey the loads which are ordinarily requived
for sneh purposes. The large masses in which fhe individnal compo-
nents are aggregated give the stone a peculiar brilliancy of appearance,
It is beantifully bright, calenlated to make handsome buildings, in
strong contrast with the somber east which nsually accompanies granite
facings. The absence of the deleterions elements which frequently ocenr
in granite, cauging strain and disintegration, adds to the value of this
stone, :

Oregon.—NVery little quarrying has been done in Oregon during the
past year. That there is plenty o’ material of desirable quality, both
as to strength and beauty, is well shown by the following account of
rocks of economic interest and importance in Oregon, by Mr. J. S,
Diller, of the United States Geological Survey:

The rocks of the Coast Range of Oregon are chielly sundstone, shales,
and basalts,  Although widely distributed, they are not all of cconomie
importance. The shales arve of but little nze, The caleareous nodnles
which they contain, abundantly in some places, have been burned 1o
lime, bub the amount is very limited,

The sandstones are guarried in many places for building purposes.
Those near the coast are generally sott and used chiefly in the ¢onstroce-
tion of jetties. At Tillamook Bay and Coos Bay they are guoarried for
this purpese within casy reach of tide water. :

The principal sandstone quarry of western Oregon is the one at
Pioneer, on the Yaqnina River, in Lincoln County. At that place the
sundstone occurs in massive beds and affords an exeellent building
stone, Being soft, it is casily shaped and yeb is durable, with a good
gray color. The heavy beds allow it to be quarried in large pieces, 1u
some eases 10 feet thick, 1t is carried by the raileoad from the quarry
to title water, then towed on barges down the bay. The rock dips
gently and a great mass of it is exposed, so that it will evidently fur-
nish material for some time to come,

About 5 miles south of Forest Grove, in Washington County, at
Boose’s quarry, a solid dark-gray sandstone is taken for building pur-
poses, and is quife extensively used in the surronnding country., The
rock containz numerons Miocene fossils,

At several points o few miles south of Corvallis, and at Monroe, still
farther south, in Benton County, cousiderable sandstone has been
quarried, but for local nse only.

Abont 2 miles from Jefferson, Marion County, a sandstone has been
guarried and used, by Mr. I, Wood, of Albany, in the construction of
monuments, It is a dark-gray sandstone, easily eat, and oceasionally
shows, upon a fresh fracture, irregnlar areas of bright reflectious from
the calearcous cement which holds the sand together, The rock being
fine grained receives delicate carvings and was used for the ornsmental
memorial stone trom Oregon in the Washington Monument, at the
witional capital,  Small cubes of this sandstone are said to hayve been
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tested and to have ghown not only a high erushing strength but to
stand fire well.  This would be expected from the nature of the sand,
which is made up largely of voleanie material. Characteristie fossils
ocenr in this region, as well as near Corvallis and.at Monroe, showing
that the sandstone belongs to the Hocene formation and may be older
than the sandstone at Pioneer and the Coast Range, farther northward.

Sandstones are especially abundant in the Coast Range south of the
latitude of Engene City, and are well exposed along the Umpqua and
Coos rivers and the forks of the Coquille. A great bluff of sandstone
forms the eastern escarpment of the range from Tyee Mountain and

Joles Valley to Camas. The same rock continues farther sonthward,
lapping over the older strata, but in places gets coarser grained, and
rising higher in the mounntains is less available, Along the coast,
however, it is much more easily reached. Near Port Oxford, and per-
haps other points south of the district embraced in this reconnoissance,
the sandstones have been quarried for the San Francisco market.

It is well known from the publications of Mr, Herbert Lang that
limestone, sometimes in the form of marble, oceurs in a number of
places in the Klamath Mountains of southwestern Oregon, as, for
example, near Rocky Point. in Jackson County, and on Williams Creek,
in Josephine County. Farther northward, upon the borders of the
Willamette Valley, shell limestone is said to ocenr in Marion and Polk
counties,

There is also an .uteresting occurrence in Douglas County, less than
a dozen miles southenst of Roseburg. The narrow belt in which the
lenticnlar masses of limestone erop out here and there crosses the south
fork of the Umpqua hetween Dillard and IRtuckles, extending northeast
toward Peel, for a distance of at least 20 miles, The outerops bost
known are at Cooper’s and Flint’s, and at the quarry of the Variety
Marble Company, of Reseburg, At the first two localities it has been
burned for lime. Af the last locality a mill was erected to saw the
marble into slabs. The mill was not runuing in the summer of 18035,
The marble is one of remarkable beanty, being handsomely variegated
with red, yellow, gray, and white, Much of the rock is mottled gray,
with a multitude of white veins, while other portions are brecciated
with brilliant shades of red and yellow, veined with white and irregnlar
areas of gray. The marble when well polished is one of the most beauti-
ful variegated marbles of this country. It appears, however, that
different portions of the mass vary considerably in hardness, and this
renders it somewhat difficult to work. TFurthermore, the quantity
exposed af the gquarry is quite limited, althongh farther southward, in
the same belt larger lenticular masses are exposed.

Under the head of basalt are included the modern lavas so extensively
nsed for road metal at many places. At Portland they formn a portion of
the heights, and oceur at many points thronghout western Oregon, This
rock forms the falls of the Willamette at Oregon City, and many of the
hills throughout the Great Valley, whose fertility is largely due to the



STONE. 973

rich soil which the lavas furnish by alteration and disintegration. It
is well Known that this rock is among the very best material it is pos-
sible to obtain anywhere for road constrnetion. In large cities it is
sometimes used in the form of paving blocks, but it is also utilized in
the form of fine stones for macadamizing., 1t is thus employed quite
extensively in Portland.

One mile south of Dilley,in Washington County, is the connty stone
quarry for road metal, in this sort of rock. A crusher is loeated here
and the ernshed stone is hauled a long way. The good roads of that
region show the wisdom of such a provision.

Basalt is one of the most solid and enduring rocks of Oregon, but its
hardness and tenaeity render it comparatively difficult to trim. On
accountof its somber color it is little nsed for building purposes, except-
ing for foundations. For this purpose it has a wide application, [t
frequently possesses a columnar jointing that euts it up into pieces too
small for building purposes. Ogccasionally the columns are sufficiently
regular to be used for fence posts without further trimming. 1his is
especially the cuse along the Ithine, in (Germany.

According to the repori! concerning the stone industry for 1894,
granite is guarvied in Jackson and Columbin counties, diabase in Lynn
County, basalt in Olackimas and Lynn counties, and andesite in Mnlt-
nomah Couuly. The valne of the granite quarried in Oregon in 1890
was #44,150; i 1801, §3,000; in 1892, $6,000; in 1893, $11,255; in 1594,
#4.993. The rocks classed above as granite, diabase, basalt, and ande-
site are all of igneous origin,

Pennsyleanic.—The output in 1806 shows a very decided falling oft—
i, e, from £300,000 in 1893 to #159.317 in 1896. More than half the
product is used for payving blocks, and the substitution of asphalt for
paving blocks in Philadelphia has very noticeably affected the paving-
block industry in Pennsylvania. The use of paving hricks is also con-
siderable. A number of quarcymen ceased operations entirely for the
year. The following is a statement of the results of an analysis of
granite from Luckawanna County. ‘The analysis was made by Mr. D,
W. Humphrey, chemist, of Scranton.

Analysis of granite fram Lackawanna Connty, Pennsylrania,

Fer cant,
B, BN e S i e bt e pemees]  HAAH
Oxide of iron, FeiOg. .o cenu s [
Aduming, Al .o s et snse s

Magnesin Mgl ........oo0 -
e O O T Tt S L Lo gt
RBoca and potash. cocesiieienaas

Tioms Wy ighiblons cee el ccios vcear rmmmn

e et e,

I Bixteenth Avn. Ropl. T, 8. Geol. Survey, Part IV, 1805, pp. 44d and 481,
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Rhode Island.—The value of the output in 1896 fell below that of 1895
by 8222.196. This State generally stands first in the United Stares for
the annual value of monumental stock tnrned ont, hntin 1896 Vermont
takes first place in this regard. More than hall of the value of the
output for 1896 was that of monumental stock.

The granite quarried at Westerly as a high reputation for its ndapt-
ahility to the finest kind of ornamental work and earving,

South Carelina.—A eonsiderable increase in production characterized
the year 1896 in this State, numely, from $22,083 in 1895 to $35,320 in
1896, 'The need of more capital for the working of some of the quarries
is felf by the operators,

South Dalota.—Owing to the increased operations of two firms the
output of granite in South Dakota inerveased from $33,279 in 1803 to
$109,977 in 1896, Most of the product was used for macadam, and a
congiderably smaller amount for paving blocks, The produetive quarries
are in Minnehaha Connty.

Vermont.—While the ontput of granite in Vermont fell off from a
valuation of # 1,007,718 in 1805 to 805,516 in 1896, still the general tone
of eneouragement expressed by producers is quite different from that
which comes from some other granite-producing sections of the country.
Barre particularly shows np very well, and, all things considered. the
past year may be called a prosperous one for this mnportant locality.

Virginta —Production in Virginia increased from $70,426 in 1895 1o
$95.040 in 18YG. There is granite of very fine quality in the vicinity
ol Richmond, and its popularity is attested by a production which
amounted in value to 8332,645 in 1590. The recent hard times have,
however, caused snspension of operations by o number of important
firms; hence the decline in output.

Tnvestization of granite from Henrico County, quarried by Mr. Peter
Copelund, showed, as the result of tests at the Watertown Arsenal, (he
following results: T

Tests of granite from Henrice Caownty, Foginia.

) Btrength in
Huwml f : 15 : s Uitimate P
-é;;"ﬁ:;rw: Height, surfave. | First crack, Lut]:iT mrl«:::;g ;n}?l.l]. ‘
Trichen: Ry, Pownuds. |
1 1.40 . (0 [ ] 162, O8O 25, 520
9] 1,90 400 108, 000 114, 500 2% 825

Wisconsin—A stride forward was made in the granile indunstry in
1896,  Produetion increased from 830,761 in 1395 (o 8126.630 in 1896,

The following is a statement of the results of an analysis of the
granite quarried in Wanshara Couuty by the Milwankee Monument
Company.
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Inspection of this table shows that the largest single item is *f out-
side building,” to which use $1,036,163 worth of marble was applied, or,
in other words, 36.2 per cent of the whole.

The uses to which the stone “sold by producers in rough state” is
aetually put could not be eertainly ascertained. 1t is bought by bnild-
ers, stonecntters, and finishing nlills. Supposing it to be divided
equally between *outside building,” * cemetery work,” and “ interior
decoration,” this would increase these items by #194.563 in each case,
making the amount devoted to outside building, #1,230,720; cemetery
work, 1,007,709; interior decoration, 8524,367. On this basis 43 per
cent went for ontside building, 85 per cent for cemetery work, and 18
per cent for interior decoration; the remaining 4 per cent went for orna-
mental purposes and seattering uses, such as small ornaments, statu-
ettes, en.

Of the amount known to have been devoted to cemetery work, Ver-
mont produced S1 per cent, but on the assnmption that the total
devoted to cemetery work was the increased figure, 81,007,709, then
Vermont’s percentage becomes 65,

New York supplies the largest amount for * ontside building,”
Georgin second, Vermont third, Maryland fourth.

For interior decoration in buildings (i. e., wainseoting, tiling, mantels,
washstands, ete.) Tennessee yields 57 per eent, producing three times
as muech for this purpose as any other one State,

There has been during the past few years a tendeney in a number of
marble produeing States to extend the sales of marble for outside
building pnrposes, thus ereating a larger volume of business and bring-
ing murble more definitely into competition with other kinds of stone,
which for the greater part are used ouly for building, In times of
finaneial distress indulgence in luxuries naturally decreases with the
use of stone, as elsewhere. This brings about lower prices und reduces
margins of profit.  Many produeers have therefore sought to offset loss
ol trade aud profit in decorative, monumental, and cemetery products
by inereased sales of stone in the rough at reduced prices for structural
building rather than stop quarrying altogether, This statement applies
particularly to the more enterprising and determined produeers, while
. others with less ecapital invested have ceased operations altogether, in
some cases permanently and in others with the intention of resuming
when tinaneial conditions shall be more favorable. These statements
apply with much less force to the marble industry in Vermont than to
that of any other State. The greaf bulk of the marble output of Ver-
mont goes into cemetery products—monuments and tombstones—and
this hranch ol the business has grown to such proportions in the State
and is of such long standing, while the stone is so well adapted to this
use, that, the present period of depression has simply bad the effect of
reducing the value of the ontput withont compelling the leading pro-
ducers to seek other uses for their product.
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Operations have been going on for some little time, but it is doubtfulif
any considerable amount was taken out in 1896, Aun inferesting paper
on Colorado marble, by Prof. Arthur Lakes, appeared in the Angust
{1895) number of Stone, of which the following is a brief abstract:

The most important deposits of marble are found at the head of
Yule Ureek, in Gunnison Oounty, 8 miles from the present terminus of
a branch line of the Rio Grande Railroad to the anthiracite coal mines,
12 miles from Crested Buolte, and 32 miles from Guunison, At the head
of Yule Creelk, and also on Urystal River, the Paleozoie limestones have
been erystallized into white and variegated marbles. The following is
the section of the marble from top to bottom of the mountain in which
it oecurs:

FPertical seotion of mardle beds on Yule Creel, Colorady.

[Top, quartzites and porphyry several hundreds of feet thielk.] o
i

1, Pure white coarse-grained marble, very similar to but finer than that of
e e T R e 125
2. Pure white fine-graived statuary marble .. ... ... e 100
3. White, with blue spots, both line aud course gmmed aml anﬂ. 30
4. Pale chocolate, with green stripes, porphyry bed # [wet thick 100
5. Dark ‘h]mah-‘h]mk — e e x - 40
. White, with blue veins (Iﬂn' t.hﬂ Ttalian). . e - 40
7. Delicale {lesh or roseate color, with dark-green voina 10
8. Saume, with dark-green blotohes. . SR T 2
9. Blue-gray, bard, fine grained ... g Myl S LR e oW )
10, Flesh color or roseate and ]ifrht gxeen muttlul ................... == 30
11. P'ore white stafuary, very fine-grained, of Carrara quality T
12, Varisgated, a combination of many of thosta ([0 F o B e e B e 200
13. Grass green or light green serpentine .o _....._. . ...ooooiiiooannoan.. 30
Total of marbles and serpentine ... ... .oooooeicemiieanoneaans T23-T50

The slope of débris conceals most of the underlying formations of the
lower purt of the mountain to its base, Iere and there, however, out-
erops of marble and quarizite are visible, and at the base fundamental
granite, on which all these formations rest.

A remarkable feature of these marble beds is their fineness and
solidity at the surface, In most districts marble is of little commereial
value till a depth of several feet has been attained and the rotten
superficial crust removed.

These deposits are not wholly confined to the head of Yule Creek,
though the thickest and finest deposits appear to be there, but after
sloping down gradually to the level of the valley and passing for
awhile oul of sight, the same belt reappears along Crystal River some
miles distant.

No discoveries of marble in the United States have been made in
recent, years which diselose at once so much in favor of the material as
do those in Colorado. The operations of quarrying this marble will be
watehed with much interest, particularly with reference to the condi-
tions found after the surface has been well removed and the interior of
the mass comes to view.
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Georgin.—The marble industry of Georgia, ns is evident irom the
table of production for different years, has developed with remarkable
rapidity within the past few years. The valne of the outpul reached
its maximnm in 1894 at §724.385. In 1805 this declined to 689,220, and
in 1896 to #617,380. This decline is, of eourse, simply duoe to the gen-
eral canses which have prodoced a falling off’ in almost every industry
and is in no way to be ascribed to decline in popularity of the material.
The value of the prodnct in 1896 devoted to building iz #430,530. The
remainder went for cemetery use and interior decoration,  In 1890 the
total value of the output was 196,250, most of which was devoted to
ornamental work and interior decoration. It is evident, then, that the
growth of the industry in Georgin has been due to the rapidly increas-
ing application of the material to structural or outside building rather
than to increased use for interior decoration, fombstones, or ornamental
produects. This ehange in the nature of the uses to which marble is
applied is not confined to Georgia, but it is charvacteristic of the indus-
try in other States as well.  In short, marble of certain grades is less

“of a lnxury than it used to be. Prices have come down so that this
beauntiful material is within the reach of builders of all classes. Hard
times have done mneh toward this end by curtailing, in the first place,
demand for interior ornamentation, thus causing a drop in prices. This
decline in price soon brought certain grades of marble to a figure which
permitted a more liberal nse for outside boilding. TProduncers have met
the changed conditions by pushing vigorously forward in the produc-
tion of building marble and in advertising its claims for recognifion
and adoption as a building stone in competition with other less orna-
mental materials. This inereased use of marble for ontside building
eonstitutes what is really a new industry, and while marble will, of
conrse, continue to be used for interior decoration and cemetery work,
and in increasing amount as commereial prosperity returns, theso nses
will probably never again appropriate so large a proportion of the total
outpul as formerly.

Tor the very best classes of marble stock, prices have be_en quite
firmly maintained, but producers are at the same time vigorously push-
ing marble to the front as a building stone, and this is made possihle
only by reducing the price of such stone to a figure which will admit it
to competition with the established building stones of the country.

Fdalko.—The ontput of marble in Cassia County increased slightly.
Most of it was used for cemetery work,

Towa—Production in Towa increased to abont three times the out-
put of 1805, Most of it was sold in the rough for building purposes;
none for cemetery work or interior decoration. Some of it was used
for ornamental purposes.

Maryland.—The output in Maryland declined somewhat in 1896,
owing to the general depression of trade.

Muasachusetts,—The ontput in Massachusefts increased quite de-
cidedly in 1896. This was largely due to the operations of a number
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of new firms which began quarrying during the year. The marble of
this State has an established repntation for building, to which purpose
most of Lhe produet is devoted. The reader’s attention is ecalled to a
deseription of Westfield serpentine marble under the heading * New
discoveries” in this report.

Neiw York.—The value of the marble quarried in 1396 wag $484,160,
a figure more than twice as large as that for 1805, Most of the prod-
net was nsed for building purposes and eame from Westehester County,
although smaller amounts were obtained in St. Lawrence, Dutchess,
‘Warren, Columbia, and Madison counties. New York produced more
murble for ontside building in 1896 than any other State; most of the
inerease was dne to larger operations at Tuckahoe.

Pennsylvanin.—Montgomery and Chester counties yielded an outpuot
valued at #31,522; much of the product is used for ontside building:
operations in Chester County have extended but little beyond the
initial stages, Thiz stone (Avondale marble) is a hard dolomite, not
quarried with ease, but highly serviceable on aceount of its hardness
and eapability of withstanding the actions of acids. This marble has
heen deseribed in 1 former veport. The marble from Montgomery
County is well known to the trade and lhas been quarried for many
years.

Tennessee.—It is evident from the table of “uses to which marble is
put,” already given, that in the amount of marble devoted to interior
decoration in buildings, Tennessee stands far in the lead of any other
State, In the past this applieation of the marble output of the State
Tias been the leading one eéver sinee the nse of marble in the manu-
facture of furniture, table tops. ete.. went out of fashion. Now, how-
ever, the grade of stone designated © Knox pink™is becoming known
as building material, and its merits for such use are claiming consider-
able attention from consumers of building marble. During 1894 and
1595 an investigation of Tennessee marble with special reference to its
use as an outside building material was made at the engineering labora-
tory of the University of Tennessee, Crushing strength tesls were
made upon 1-inch eubes, sawed and sand-rubbed and placed between
Liard cardboard cushions, The table on the next page gives the resuliz of’
these tests. No difference eould be detected in crushing strength when
the load was applied perpendicular to the bedding and when parallel
to it.
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Production in 1896 amounted to a valuation of $381,373; this figure
is a gain of 19,096 over 1805, About half of this vnluah.on represents
stone sold in t.lm rongh. The purposes for which the stone thus sold
was used ean notbe eertainly ascertained, but doubtless much of it was
applied to building. It seems regsonable to expect that in the conrse
of a few years Tennessee marble will have become generally known as
a building stone.

Vermont.—The valne of the marble output in 1896 was $1,101,6567;
the figure for 1805 was $1,321,508. It is evident that there has been a
decline, but as deerease in production of almost everything in the line
of mineral products for the last few years has been the rule, this result
in the case of marble will cause no surprise.

Of the total output, 60 per cent was devoted to cemetery work, while
the remainder was divided hefween what was sold “in the rongh,” for
“huilding,” for “interior decoration,” and for “ornamental work.”

The marble of Vermont covers a wide range of qualities, from fine
statnary marble to grades sold only for outside building. That pro-
duced at West Rutland and in its vicinity is as yet without a peer in
the United States for the finest nses to which marble is applied, and it
supplies a lurge proportion of the stock used for cemetery work in the
United States. Much is said from time to time in regard to new dis-
coveries of “fine statnary marble” in one locality or another in thé
United States, but to find an outeropping of good white marble is one
thing, and to prove that the marble is obtainable in large quantities,
free from serious flnws, and susceptible of fuirly economical quarrying,
is another. Marblé can hardly be said to have been discovered until
much money has been spent in opening it up so as fo reveal the char-
acter of that beneath the surface as well as its probable extent and
accessibility. To make a suecess of marble quarrying means compli-
ance with a variety of conditions, many of which are problematical at
the outset and can only be ascertained at the expense of time and
money.

Vermont is likely to remain in first place for produetion of fine mar-
ble for many years to come in spite of elaims to superior product which
are occasionally made in connection with new discoveries elsewhere.
Fine white marble will always be in demand and will always command
a high price, both on account of its beanty and its rarity. The increas-
ing use of granite in cemefery work and its competition with marble
in this application is diseussed elsewhere in this report.

The following tabular statement shows the nature of the snccessive
layers of marble in a quarry at West Rutland :
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whieh has been made in these States, and the progress made by the
stieeesslul has been attained by dint of expert knowledge of marble
quarrying, unlimited perseverance, and ability to command the invest-
ment of money. Marble gquarrying seems to have for the uninitinted
the same kind of attraction in less degree that gold mining presents.
The discovery of a new sonree of marble is very apt to be looked upon
as inevitably meaning a large fortune for someone. While in former
times there may have been good reason for such an attitude toward the
production of marble, it is certainly not so justifiable at present, when
prices for finished stock have been deelining, and where success depends
more and more upon financial resources, knowledge of quarrying and
manufacturing, and the ability to command good transportation facilities.

Arizona.—White and colored marbles have been found in the Santa
Rita Mountains in Arizona. The Tueson Marble Works, of Tucson,
expect to operate quarries in this deposit.

ddaho.—Mr. R. 8. Spence, of Paris, Idaho. has fornished the follow-
ing information in regard to newly discovered marble in the vicinity of
Paris:

The deposit is of large extent, varying in quality iu different locali-
ties, and also in color. The colors are jet black, black with streaks of
white, black and red, black and gold, and dark blue with gold markings.
In oue place a vein of onyx, 20 feet wide, runs throngh the mass.
Bloeks of any desirable size may be obtained, and apparently without
flaw. Abundant water power is at hand. Efforts are being made to
develop the property.

Massachusetts.—A combination of serpentine and marble, known as
serpentine marble, oceurring at Westfield, Mass., has been investigated
and deseribed by Prof. W, O, Crosby, of the Massachosetts Institute
of Technology. The material is in possession of the Westfield Marble
and Sandstone Company, of Westfield. The following is an abstract
of Professor Croshy’s report.  The marble onterops on one of the higher
terraces on the south side of’ Litfle River, in the vieinity of West Parish,
and only a short distance west of the boundary between the Triassic
sandstone formation and the crystalline schists and granite. The
deposit is closely parallel with the inclosing sehists trending north-
south with a vertical dip, and it is, mainly at least, of the same geo-
logic age.

The deposit divides naturally inte two parts, which are very distinet
in character and origin:

1. A dike, nearly 50 feet wide, of dark-green to black serpentine,

2, On the east side of the serpentine dike, and in close contact with
it, is n bed, some 75 feet thick, of gray to white erystalline marble,
which is serpentine throughout. This bed of marble was originally a
bed of impure limestone, During the metamorphism of the rocks of
this region the limestone was changed to marble, and its impurities
crystallized in the forms, chiefly, of tremolite (white) in the western
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part of the bed, and actinolite (green)in the eastern part. The tremo-
lite was very finely and the actinolite rather coursely crystalline, in
slender prismatie forms.  The great dike of serpentine must have been
originally a very coarsely crystalline basic rock, consisting largely of
hypersthene or some related mineral, During the alteration of the
dike to serpentine the tremolite and actinolite in the adjoining bed of
marble have also been changed to serpentine, the former largely and
the latter almost wholly. The first process of metamorphism changed
the original limestone into an ordinary gray marble, similar to that of'
scores of other deposits throughout New England; but the second
process of metamorphism, when the accessory tremolite and actinolite
were serpentinized, has added great inferest, beauty, and value to the
deposit, and given it a highly unique character.

The quarry which has been opened in the marble gives the following
section, from west to east:

Seetion of a marble deposit at Westfield, Massachusetts,

Feat,
1. Massive black and green serpentine (dile). .. .. ... ... .__..._....... 4B
2. Tinely crystalline white tremolite . =t et e s 1

3. Serpentinio and laminated gray marble {?ml u.ul.iqna:l, with severnl thin part
fngs of shaly muterinl, about. ... ...

4. Serpentinio gray marble (verd antique), not so much laminated and wlthunl

e S 1

L TR AT T S R e D e S T L L L B 49
5. Mussive serpentinio marble (spangled).... 3 23
Ot e e e e el o o)

In the guarry, the western border of the deposit appears to lie
directly against a solid vertical wall of schist and coarse granite
(pegmatite), which would be a very favorable condition in deep work-
ing. But on the east side there are several alternations of soapstone
and actinolite with sehist and pegmatite for a breadth of abont 25 feet
before the solid formation of schist and pegmatite is reached.

With the exception of the bed of tremolite (No. 2) and the shaly
partings in No. 3, the entire section, aggregating fully 115 feet, is
valnable marble. The most remarkable feature of this deposit is the
fact that it embraces three entirely distinet varieties of serpentinic
marble, each of great beauty and interest, and each forming a solid bed
of ample thickness for convenient and economic working. These
varietier are:

1. Massive black and green serpentine, forming the great dike, 45 feet:
thick, on the west side of the guarry.

2. Varieguted or veined and mottled gray and green verd antique,
60 feet thick.

3. Massive black and gray spangled marble, 23 feet thick.

1. Massive black and green serpentine marble, This variety would
be a valuable marble, even if it were simply a plain black; but its
beauty and interest are greatly enhanced by the bright green spots or
+ ocelli of marmolite (a folinted form of serpentine). These vary in diam-
eter from about one-fourth to three-fourths of an inch, being smallest
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and most irregular near the borders of the dike, Tius marble polishes
well, and it is not only strikingly rich and handsome, but is practi-
cally unigne, being matehed by no marble now in nse. Furthermore,
this dike of serpentine is thorpughly massive and solid in stroetnre, 8o
that blocks of almost any form or size can readily be oebtained, and it is
50 free from the flaws and blind seams which are the bane of most serpen-
tine marbles that it can be safely worked and used in almost any form,
from thick colmmmns to thin slabs, 1t will probably be found best
adapted, however, for columns, pilasters, pedestals, ete.  Its appear-
ance in the natural ledges and bowlders is so sonnd and satisfactory
that the writer is led to believe that it will alse give good results in
exterior work, althongh that is u crucial test for a serpenfinic marble,

2. Laminated gray and green verd antique marble. This bed has a
total thickness of about 50 feet, and the stroeture throughout is dis-
tinetly laminated or stratified in vertical north-sonth planes. The lam-
inw are thinnest in the western part of the bed, and, as already nofed,
several thin layers in the western quarter of the bed are of asomewhab
shaly character. But the eastern three-quarters seems to be quife
golid, so that sonnd blocks of almost any desired size can probably be
obtained. This variety consists of a crystalline light-gray to white
dolomite marble, mottled, elonded, and veined with light and dark green
serpentine.  When viewed edgewise it ean be seen that the serpentine
is to a large extent interlaminated in thin layers or patehes with the
dolomite, giving rise to o more or less distinet striping or banding,
which must prove an attractive feature of the marble. But on snrfaces
puarallel with the lamination it presents instead, as wnoted, motltled,
clonded, and veined effeets in endless vaviety and marked beauty.
The eolors, thongh bright, aresoft and blending. 'This marble, like the
others, can be nsed sneeessiully in any form, but the writer anticipates
that it will be wanled chiefly iu the form of slabs for interior work, and
then a choice will be presented between the laminated or banded and
the mottled or veined verd antique,  This marble resembles very closely
eertain phases of the celebrated Connemara marble of Ireland, but it
ig in the writer's opinion superior to the foreign marble in both strength
aml beauty.

3. Massive black and gray spangled marble. This marble is the most
unigueof all.  The matrix or body is the same erystalline light-gray to
white dolpmite as in the secoud variety, sxcepl that the strueture is in
the main very massive and not distinetly laminated. This gray base
or ground was originally thickly set or completely spangled with slender
erystals of actinolite from 2 to 5 inches long, whieh are now all changed
to blagk serpentine. Althongh disrinetly green tints are wanting, this
marble belongs, in competition, with the verd antiques, Tt is not unlike
in general effect some of the black and white breceia marble, but span-
gled marble best expresses its most charaeteristie feature, The ser-
pentine erystals (psendomorphs) are set at all angles, and so closely as
to form in general a complete network. But somerimez a marked
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Along the north side of the quarry’ a mass of pegmatite partly cuts
off the marble, and 250 feet south of this line a narrower mass of peg-
matite divides the marble into two belts for a short distance. Between
these two masses of pegmatite there is a clear body of marble 100 to
125 feet wide and 250 feet long, and this is fully exposed in the quarry
for its entire breadth and abont one-third of its length. Assuming
an average width of only 100 feet, it is found that this body of
marble contains, for every hundred feet in depth, 250 by 100 by 100
— 2,600,000 eubic feet. This amount may be regarded as reasonably
certain or “in sight;” and all the geological conditions indicate an
indelinite extension downward, probably hundreds of feet. The dike
of black serpentine, as already noted, has been traced for a long dis-
tance north and sonth, but how far it is characterized by the bright
green ocelli of marmolite remains to be proved. This attractive fea-
ture has nowhere been observed outside of the quarry, and. of course,
its persistence in depth is not known. It can only be stated positively
. now that a large body of it is in sight, and that its indefinite extension
downward is a fair assumption.

Uiah.—The Hobble Creek Marble Company has secured 340 acres of
marble property, sitnated at Springville, Utah County, about 8 miles
from the Rio Grande, Western, and Union Pacifie railways. The stone
is deseribed by Mr. Don €. Robbins as a choeolate-brown colored
material containing crystals of calcite scattered through it, making a
highly ornamental stone, The wagon road to the railroad is said to be
an easy down grade, thus facilitating transportation to the railroad.
Quarrying may be done to some extent without stripping.

The following information was furnished by Mr. J. . Talmage, who
examined the marble in the interest of the company:

The stone is a variety of coneretionary limestone, and consists of a
great number of coneretions or nodules, globular and ellipsoidal, held
together by caleareous cement. The nodules vary greatly in size, some
being smaller than peas and others from 4 fo 5 inches in diameter. The
nodules are of a well-defined coneretionary structure and in many cases
show the nunelei about which the coneretions have gathered. In a few
instances well-preserved fossil shells are seen to form the noclei, while
in other instances the nnclens is nothing morve than a grain of sand
or a particle of other foreign matter not recognizable by the nnaided
vision. The coneretions are sometimes found separate from the mass
of pebbles, which, when cut, show a concretionary structure to perfec-
tion. An analysis made of one of these isolated concretions showed
that 89.31 per cent of the material is ealeinm carbonate. The separate
coneretions and the massive stones arve suseepfible of a very high polish,
and in a polished condition present a very beautiful appearance. The
stoneis comparatively free from ingredients such as would interfere with
use for ornamental and building purposes, and is considered to he well
adapted to such nses. It is of medium hardness, and therefore the
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The following table shows the average value of roofing slate per
square since 18/0:

Averaye annnal price per aguare of voofing slaie for the dntive country.

0 S N -1 | [ o et N | ST 1%
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The price per square has evidently risen aboul as much above that
for 1395 as the latter exceeds the figure for 1594,

The industry as a whole has done exceedingly well considering the
persistence of hard times. This wounld not have been the ease had it
not been for the appearance of what to all practical purposes is a new
feature in the slate industry, namely the export trade. Attention was
attracted to the export mwovement in the early part of the year, but its
activity increased until in July some notably large shipments were
made to England, Germany, and other countries, Much of the slate
sent to England was reshipped to Australia and Sonth America.

This roundabout way of reaching the consnmers in the last-named
countries has been quite freely disenssed in some of the trade jonrnals,
and the advisability of dealing direct with the foreign nsers of slate is
g0 apparent that it is not unreasonable to look for a readjustment of
trade relations by which so mnch nnnecessary transportation of the
slate may be avoided, Exportations have not been confined to roofing
slate, but have included blackboards in notable quantity and to some
extenl other milled produets. 5

The canse of this rather sudden advance in exportation is in part the
labor troubles and strike among the slate quarrymen of Wales, As a
result of partial suspension of work in the Welsh quarries and their
consequent inability to iill orders, the United States consuls in foreign
parts were in a few instances called upon early in 1896 fo furnish lists
of United States slate exporters. As aresalt negotiations with Ameri-
can producers were soon under way, agents being sent abroad Lo receive
orders, while foreign purchasers from England, Wales, and Germany
made their appearance in onr own slate markets. Our slate seems to
have given satisfaction abroad, and the troubles at the Welsh quarries
have given producers in this country such an opportunity to display
their products and secure trade as might have been mueh longer with-
held under normal eonditions. It is to be hoped that the trade thus
secured by reason of temporary conditions may be held by virtue of the
quality of onr prodoet and the business enterprise and sagaeity of our
producers,

Some difficulty with steamship companies on the (uestion of privilege
to ship slate in bulk rather than in erates was at first experienced, but
this was finally overcome. The expense of crating was a very serious
item and had been alimost prohibitory to exportation, so that the advan-
tage of shipment in bulk is one of considerable moment.

18 @roL, pr i—=3
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The following test was made by Prof. L. . Reber, of State College,
Pennsylvania:

The first specimen, with pressure applied parallel to natural cleav-
age, fractured at 22,000 ponnds and ernshed at 48,200 ponnds.

Second specimen, pressure applied perpendienlar to the natural
cleavage, fracinred at 41,000 pounds and erushed at 91,800 pounds.
The first specimen crushed at 385.6 tons per sgnare foot. The second
specimen ernshed at T48.4 tons per square fool.  The specimens used
were 3-ineh cnbes,

At the end of the present chapter on slate will be found an abstract
of a paper by Prof. Mansfield Merriman, of Lehigh. read before a
meeting of the American Society of Civil Engineers on December 19,
1804, In this paper valuable data on slates of Cambrian and Silurian
ovigin are presented,  Peach Botltom slate is laken ag typical off Cam-
brian slate, and the reader is therefore referved to this abstract for
additional data respecting Maryland slate.

Massachusetts—This State makes its first appearance in these reports
a8 a slate-producing State, althongh the existence of slate within its
borders has long been known, and small amounts of slate have been
produced from time to time within recent years.

The following is a statement of the resulls of avsalysis of slate from
Lancaster, Worcester County:

Analysis of Worcester County slate,

Per cent,

B e B s e S e b s e M s s G0.80

Alnming, AL .o miiiiccit e raas 22,00 |
Magoests, MpOoos oo slsiini sl .70
Fertiocaxite, Bl oo s nois sasnmaemiaasy 10, 50
NEORESD . mete Sl oL o S e o 1.8
Calotnm exide, Bal) .ottt sss i snasinaass .5l
Potasrinm oxide, Tl oo i csmess 1. 50
Hodinim 0xide; MBI e rvy vrmror s mm e e = LHO
Barhon === = s e et e L 80
0 e e T e e o s bt 49, 40

Minnesota.—This Slate does not appear in the tables as producing
slate and as yet it produces none, but good material has been found in
Carlton Connty und iz now being investigated, with laverable resnlts
so far as experiments have gone, About 200 squares have been dis-
posed of locally. A sample examined by the writer shows exovellent
eleavage and permanent color. Cleavage is nearly vertical. Ribbons
oceur in the sorface slate, but disappear with inereasing depth. The
slate is adapted to blackboard use as well as to roofing, Transportation
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A quite decided advance in the produoction of milled stock is apparent,
as are also the effects of the inereéased export trade; in fact, bnt for
this there would have been a decline in output as compared with 18035,
Pennsylvania received most of the benefit of the increased exporta-
tion. Replies from many if not u majority of the Pennsylvania pro-
ducers stated that domestie business was poor. Some, however, elaimed
that this deficiency was offset by the advance in the export trade, The
inerease in the production of milled stock is probably dne to greater
aclivity in the manufacture of blackboards, which eontribute quite
materially to the stoek exported.

The following is an analysis of Bangor slate by Mr. Henry Leffman,
of Philadelphia:

Analysin af Bangor ( Northamplon County) roofing alate,

Per cent,

Silica ..., A e e P e DAL ) | T 18 | 68, G20
Tron-OXidB— o atre ____..l 4. 200
Ao ..o ..., ke Tl R e . e ] | 12880
Oaleiom earbonate. ... civisieaianassiiaaiaans| 20087
MO . s oo e s e e s ] D
T B O | 3.750
Moisture nnd eombustiblo matter. ... .. ..-......Ag 4,470
o e ot W) B LT DS O P Bl D

Tennessee.—Slate has been known to exist in Tennessee for a long
time, but systematic efforts to quarry it are of recent date.

The operated quarries are at Chilhowee, Blonnt County. The predue-
ing firm is the Tennessee Slate Cempany, with headquarters at Chatta-
nooga. The quarries are at the junetion of the Tennessee River and
Abrams and Panther ereeks. Water power is abundant. Two quarries
are in operation, and a mill containing two planers, two sawg, and one
rubbing bed; facilities will be inereased as business expands.

Director Charles 1. Waleott, of the United States Geological Survey,
has personally studied this locality and says that * when the layers of
bedding coineide with those of cleavage the slates are of fine quality,
even where the roek is of sufliciently varied composition to produce vib-
bons. The durability of the material is well shown by the cliffs along
the river, which have stood the wear for centuries.”

Vermont,—Yermont stands second in output of slate, producing a
little more than two.thirds as much as Pennsylvania. The export
trade benefited Vermont quite materially during the past year, althongh
the total valuation falls below that of 1805. This benefit showed more
for milled slate than for roofing. The slate of Vermont differs funda-
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mentally from Pennsylvania slate in color, that of Pennsylvania being
black, or nearly so, while the Vermont material is of various shades of
purple and green, Recently, however, black slate has been found and
is being quarried by the American Black Slate Company, whose quarn-
ries and mills are at Benson, Vermont, on Lake Champlain, Future
developments of the black slate will be awaited with interest.

Virginia.—The produnetive guarries are at Arvonia, in Buekingham
County, The output in 1896 very nearly equaled that of 1805, DBusi-
ness was best in the early part of the year.

TESTS OF SLATE.

The following is an abstract of a paper by Trof. Mansfield Merriman,
of Lehigh. 1t was read before the meeting of the American Society
of Qivil Engineers on December 19, 1884, One of the objects of the
investigation was lo compare slates of Uambrian and Siluvian origin
by tests upon typical representatives of the two classes. The resualts
are therefore of general as well as of special intevest. The material
taken as typieal Cambrian slate is the Peach Bottom slate of York
County, Pennsylvania, and Harford County, Maryland, whilethe Silurian
slate is represented by that from Northampton County, Penusylvania.

Results of experiments on the Peach Bottom slate are first presented.
The specimens were 12 hy 24 inches, and varied from 0.21 to 0.20 inch
in thickness,  For test of strength they werg laid on supports 22 inches
apart and broken by aload slowly applied in the middle. The modu-
lus of rapture was determined from the formnla

Mod — 5 x breaking load x length
T 2xwidth x square of thickness,

Toughness was measured by taking detlection in inches ut moment
of rupture. The degree of softness was determined by taking the
weight abraded by 50 turns of a swall grindstone nnder a constant
pressure of 10 pounds. The porosity was determined by taking the
percentage of water absorbed in twenty-four hours after drying for
the same length of time at 135= F. The test for corrodibility was the
percentage of loss of weight after immersion for sixty-three hours in
a solution of 98 parts water, 1 part hydrochloric acid, and 1 part sul-
phurie aeid. The color was dark binigsh-gray or bluish-black. The
texture of the surface was scaly and sonpy—less smooth than North-
ampton varieties, When upturned by flexure the specimens broke
s(uare across the grain, without splitting or lamination.

The anthor states that an examination of these results tends to con-
firm the conelusions announced in a previous paper—that in general
the strongest specimens are the heaviest and softest as well as the least
corrodible, althongh exceptions oceur in the case of specimens marked
Q;and P, and the specimens marked with s seem mors corrodible
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The Northampton slates take a high rank among the Silarian kinds,
while the Peach Bottom specimens may be regarded as a good repre-
sentation of the dark blue Cambrian varieties, The following tabula-
tion, giving the mean results of the series of tests of both, may hence
be taken as the best comparison possible at present of the average
physical properties and chemical composition of the Silurian and
Cambrian dark-colored slates of Pennsylvania:

Table showing relative properties of Silurian and Cambrian slates.

Property. - Measured by— Silorvian. | Cambrinn, |
I |
Btrength .........| Modnlos of rapture in pouuds per B. 480 11. 260 ||
sinare inch.
Toughness -......| Ultimate defloction in inches on . 201 L2093
supports 22 inohes apurt.,
Deneity cou oo .| Bpecific gravity .o e cienncen vaas 2777 | 2.8M
Boflaoss. ..o oo Grains abraded on grindstone nnder s 80
stuged vonditions,
Poroaity .........| Per cent of water absorbed in 24 . 104 . 224
honrs.
Corrodibility. .._.| Per cent of water lost in aeid solu- = 496 . 298

tiom in 63 hours,
Vulnable constit- | Silicates of iron and alnminum, 8188 83, 89

nents, per cent.
Tnjntioas constit- Bulphor, pereent- . oo iaas JOR 07
nents. Carbonates of lime and magnesia, | 12,58 8,19
L per cent. £

With respect to the relative value of physical tests and chemical
analyses, it may be said that while the latter are valnable, the former
alone can be regarded as giving authoritative information as to the
wear of slate under actual conditions. The strength and weathering
qualities of slate or stone depends not merely upon its chemical con-
stituents, but on the manner in whieh the grains are cemented together.
For the determination of this a microscopic inspection is necessary,
and in theabsence of such the physical tests seem to earry far greater
weight than the chemical analyses.

While the preceding methods of testing are readily earried on in the
laboratory, they are not easily made nunder conditions of actual prac-
tice, on account of the absence of precise weighing apparatus and the
lack of time and skill. It seems desivable that a test for slate should
be devised which can be quickly applied by an architect or builder and
used with confldence. An ifpact test made by simply dropping a ball
appeared one likely to yield good resnlts, and accordingly a series of
' experiments has been earried on to determine what can be done in this
direetion. In connection with these a series of severe aecid tests has
been made on the same specimens.

Seven varieties of slate were used in these experiments. Four, des-
ignated hereafter by the letters C, D, E, and T, were Silurian slates of
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grayish white after the last immersion, while but a slight change
appeared in ( and P and V remained almost unaffected. Change in
color is thus a direet index of eorrodibility, both being due to the same
cause.

As the result of the investigations thus far made, it may be con-
clnded that the fests for density and softness, althongh of importanve
for slates of the same locality, are not good indications of the strength
and weathering gualities of those of different regions; that the tests
for porosity, corrodibility, and flexual strength give good indications
of these properties; that the results found for strength and corrodi-
bility when mentally combined give, on the whole, an excellent idea of
the value of the slate; and that an impact test with a swooden ball
shows both strength and toughness, while if at the same time indicates
the capacity for resistance to corrosion, The impact test may be there-
fore recommended. it only a gingle test is to be used, as one that ean
be quickly and cheaply made, and one likely to give reliable informa-
tion of the comparative value of different kinds of slate.

The following matter of interest in connection with the Weish slate
quarries is taken from the American Slate Trade Journal, Bangor,
Pennsylvania, issne of Mareh, 1897,

WELSH SLATE QUARRIES,

- English slates, instead of being sold by the square, are sold by the
tmille,” contracted into “M,” which is in reality 1,200 slates. T'o this
namber is added 5 per cent for breakage, giving a standard unit of
slate of 1,260 pieces. This standard is practically the one adopted in
all foreign countries, and it becomes necessary for American quarry-
men and dealers to familiarize themselves with this unit in order to do
foreign trade.

A few of the prineipal sizes of slutes, and the equivalent in squares
of 1,260 pieces of each size, are as follows:

Principal sizes of slate in Weles,

20 X 10,M = 7 sguunres 43 foet,
24 x 12, M = 11 équares 3 feet,
24 % 14, M — 12 squares 80 feet.
22 x 12, M = 9 squares 47 feet.
22 % 11, M = 9 squares 15 fest.
18 % 10,3 = 8 squares 5 feet,
18 x 9, M= & sqnares 91 feet.

Two of the largest slate quarries in the world are near Bangor,
+ North Wales, and are the properties of Lord Peurhyn aud George Wil-
liam Duff-Asheton Smith, The product of these two quarries is of
excellent guality and of several colors. The quarries of North Wales
yiell in the aggregate something like 500,000 tons annually. There is
but one slate-yielding distriet in Great Britain that may fairly claim
distinetion, i. e, the Westmoreland and Camberland districts.
18 Gron, r1 H—=O64
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The following information is the result of investigations by Prof,
E. W. Hilgard, of the Agricultural Experiment Station, University of
California, .

Camposition of detore from Flagstall, drizona,
|
Per oent
Sand and sHliceous cement ..o oeeen iamnnn e 1. 58
Corbonate ol i(Hme. o i srna s e eseian 14, 63
Crystallized insoloble silicates embedded in
L e e e e B.25
Soluble silieates {zeolites) forming part of cement. | 2,67 |
Ferricoxido. ... ...... IR P P A R LR L .07 |
T B e e e, ()
Chemically combined water and loss. ... .. .. 7
G S e e S e S T I 098,06

The stone in its natural condition, on prolonged immersion, absorbs
about 4 per cant of its weight in water. Its base is formed by about
71 per cent of sand consisting of angular grains of quartz and feldspar,
cemented by a cement chiefly siliceous, with a small proportion of zeo-
litic material, which has been subsequently to its formation impreg-
nated with a selution of lime carbonate, the latter now forming nearly
15 per cent of’ the mass, Its red color is due to a small amount of red
oxide of iron (red ocher), unchangeable in c¢olor, which has apparently
no part in the cement of the stone. On treatment with dilute muariatic
acid, the carbonate of lime is dissolved without materially affecting the
firmmess of the stone, even after remaining in the aecid for four days,

On treatment with strong hot muriatic acid for six hours (at steam
heat) the stone, though whitened by the solution of the iron oxide and
by the partial decomposition of the zeolitic portion of the cement, still
retains its form and coherence, althongh sensibly softened. This stone
is & very durable one. From its slight absorption of water it is not
liable to be injured even by freezing, and it is certamn to endure well in
the elimale of California, even where, as in cities, the rain water and air
may be somewhat acid. The fact that the stone is not dependent npon
the carbonate of lime for its eoherence, as shown by the above experi-
ments, removes it from the class of calcareous sandstones, properly so
called, which almost necessarily disintegrate when subjected to city
smoke. Its color is practicably unalterable and is very attractive, as
shown in numerous large buildings in Denver and elsewhere.

California.—As is the case with the other varieties of stone in Cali-
fornia, but little was done in 1896, Better conditions of trade must
exist before any material improvement in the industry can be expected.
The ontput was small and less than in 1895. Sandstone from gquarries
at Niles, Alameda County, showed as the average result of tests on ten


















1022 MINERAL REBOURCES.

Fdaho.—Sandstone is produced near Boise to a limited extent. Pro-
duction reached a valuation of £16,060 in 1896, an increase over 1895,

Itinois,—The value of the ontput in 1896 was #15,061, about double
the onfpnt of 1895, The industry in Illinois has never been large.

Indiana,—The yalue of the product in 1896 was $32,847; in 1895 it
was #60,000, Tn 1391 the corresponding ligure was 890,000, See report
for 1895 for detailed information on Indiana sandstone. In addition the
following results of investigation by Prof. W. 8. Blateliley, State geolo-
gist of Indiana, are submilted. The report was made in November,
1895,

Crushing tests of sandsione from Riverside, Indiana,

Per aqnnre
‘ inch,

Pownada,

B LT T SN S S S SR L G, 000
R LI e ____‘ 6, (0

Chemiecal analysis of sandstone from Riverside, Indiana.

Trer cent,
Insolahle residuoe (silica Bi0). . coe i cnnen, a3, 16
T T e e e 160
B F e o G U L e e .69
Ao o ) TR T MY | O LIRS W .13

0 A e e e s AR e U7, 68

The analysis shows but little material injurious to the durability of
the stone. The following are the resnlts of the absorption and fire tests
made at the Rose Polytechuic Institute, of Terre Haute, Indiana, on
gpecimens of stone from same quarry:

Fach specimen was soalked in water 25 hours, having previously been
carefully weighed. 1fwas then removed, wiped dry, and weighed again.
The results were as follows:

Bluestone, specimen (!: Water absorbed in per cent of dry weight,
6.8 per eent. Specimen Cs: Waber absorbed in per cent of dry
weight, 4.8 per eent. Graystone, specimen D: Water absorbed in per
cent of dry weight, 6.1 per cent. Specimen I),: Water absorbed in
per cent of dry weight, 5.8 per cent,

In fire tests of blue Riverside sandstone the enld specimen and eold
lead were placed in erueible and heated until lead would melt on sur-
face of stone; the specimen was then cooled in air. It cracked through
center, thongh pieces did not separate. Specimen No. 2, gray River-
side sandstone, gave the same results as above in every respect.
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1. DIxvirviers, E. V. Annual Report Geological Survey of Pennsylvanis, 1886,
Part IV, pp. 15631567, Paint, Iron Ore, Limestone, und Serpentine,—Brief descrip-
tion of the brownstone guarries in the vicinity of Hummelstown.

2. Frazer, Prusiror.  Report of a geological survey of (Chester County, 1880, C 4,
Second Pennsylvania Geological Survey, pp. 178-214.—The stratigraphic and pals-
ontologie relations of the Mesozoio red sandstone in Chester Connty.

5. Frazeg, PEREIFOR, JR. The geology of Lancaster Connty, Second Geological
Survey of Pennsylvania, 1877, COC.—Mentions the occurrence of the New Red Band-
gtong in Lancaster Connty.

4. Lymax, Deng. Smrra. Report on the New Red of Bucks and Montgomery coun-
ties, by Benj. Smith Lyman, in Summary Final Report Geology of Pennsylvania,
Yol 111, parl 2, pp. 2689-2638, 1805, —Gives geologic and topographic map and cross
sections of the New Ked of Bucks and Montgomary eounties, with a datailed neconunt
of the stratigraphy, paleontology, and general seientifie featnres; brief mention of
the egonomic foatures,

5. MErRILL, (. P, Stones for building and decoration, Wiley & Son, New York,
1891, pp. 279-281,—Also in Smithsonian Report, part 2, 1886,

6. SHALER, N. 8. Description of quarries and gquarry regions, Tenth Census, Vol.
X, pp. 156-157.—0One of the hest short descriptions of the brownstones of Pennsyl-
vania.

GENERAL PROPERTIES OF BROW‘KE‘TPN’EE.

Definition.—It might at first glance seem superfluons to offer a defi-
nition of such a simple term as brownstone, but the very fact thaf it is
nsed with different meanings in the market is a reason why it is advis-
able to state the significance of the word as used in this report.

If all the brownstone occurred in one loeality and were all of one
shaude or eolor the term would be self-explanatory, but stone with a
more or less brown tint ocenrs in a dozen or more States and at several
different geologic horizons, some of which may be called brown by one
person and red, gray, brown, or something else by another. In some
localities the term brownstone signifies the Portland, Connecticut,
stone, because that is nsed in such large quantities and no other is
there known. With sume persons it signifies any rock from the Meso-
zoic or New Red formation, whether it be really brown or not. In this
report the term is used for any stone that has a brown or red color,
irrespective of locality or the geologieal formation in which it ocenrs,
A light stone which is brown only in places, and which eccurs in the
New Red formation, is also inclnded, becanse it is closely assoviated
with brownstone, often in the same quarry, and because it frequently
passes in the market as brownstone. Some of the so-called Trenton
brownstone is not brown at all. There is also included red or brown
stone from the Paleozoic rocks which may not be generally known in
the market under the name brownstone, but which is as truly brown in
eolor as many of the original brownstones. ITence the term is here used
to designate a sandstone with a brown or red eolor, rather than a brown-
stone from any particular locality or formation., The red or brown
marbles are not inclnded.

Colors.—Brown is defined as a dark color shading toward red,
yellow, or black, and may be produced by a mixture of these colors.!

! Btandard Dietionary.
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We can thus see that there may be an almost infinite number of shades
of brown, grading iusensibly into red, yellow, or black, and that there
may be awide divergence of opinion as to where the division shonld be
miude, In the sandstones the change is most frequently toward the
red, less commonly toward the yellow. Bo close is the relation that
the same stone is called by some dealers red and by others brown.

TFrom the standpoint of ¢olor it isone of the best of building stones,
not only from the wide range ol shades to seleet from but from the
inherent beanty and richness of many of the shades, and, what is of
great importance in architeeture, the permuanency off the color. There
is probably not another color common among building stones that is as
permanent and as little liable to tarnish as brown. Where brownstone
is need 1o excess, particularly dark shades, and along narrow streets,
it is gloomy and somber. It is at its best advantage when used along
with other colored building stones, or at least with the liberal use of
lighter brownstones, The darker colored stones, while more somber
than the lighter shades, show the dirt and stains of the city atmosphere
less and are in this respect betler adapted to base conrses and trim-
mings. The inlierent beanty and permanency in the color, together
with its durability in combination with stones of other colors for archi
tectural effect, will always canse a demand for brownstone by the best
architects,

The brownstones of Pennsylvania have as wide a range in color as
those of any other State. There is the rich blne-brown and red-brown
stone of Hummelstown, the dark-brown at Mohusville, the light red-
brown at Cornwall, the light purplish-brown at Newtown and Yardley,
the very light brown to gray at Lumberville, Grenoble, and Fort
Washington, the light pink south of Birdsboro, and the light red and
dark red at White Haven and Laurel Run,

THE CHEMICAL COMPOSITION OF BROWNSTONES.

The aceompanying tables of analyses give the chemical composition
of all the well-known brownstones in this country so far as they conld
be obtained. The first table gives those of Pennsylvania; the second,
those from other States. If may be noticed in eomparing these that
the figures for the Hummelstown stone, the best-known brownstone
of Pennsylvania, correspond more nearly with those of the East Long
Meadow, Massachusetts, sandstone than any other. The stones of the
eastern part of Pennsylvania more nearly resemble the Portland, Con-
nectieut, stones in composition than any others in the State,

The signification ol the varying proportions of the different suly-
stances is not always perfectly clear, but a number of very useful
dednctions can be made, as follows: Of all the substances mentioned
silica, is the most durable, especially if it occurs in the form of guartz.
If it is desirable to have the percentage of silica as high as is consist-
ent with the desired hardness and workability of the stone—that is,
from the standpoint of durability alone, quartz is the most desirable
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sobstance, but if the silica ig all in quartz grains and the percentage
too high the stone will he friable, not having suflicient eement to hold
the grains together. On the other hand, if part of the silica is in the
form of cement, binding the grains together, the stone is liable to be too
hard to work. Hence, no definite limit can be placed on the amount
of siliea allowable in a good stone, as that depends on whether a Larid
stone or an easy-working stone is desirved, and also on how mueh of the
siliea is in feldspar, mica, or clay. The proportions of alkali, lime, and
alumina throw mmeh light on this point. It also depends on the size
and shape of the grains, Thus, round graing require more and
stronger cement than sharply angular grains to produce a stone of
equal strength; irregnlar angnlar graing, when closely compact, will
make a very strong stone with very little cement. A high percentage
of alumina is not desirable; if in the form of feldspar or mica, it is a
source of deeay: if in the form of clay, it will absorb water and injure
the stone by freezing. The last injury is intensified it the clay is seg-
regated in patches or layers., Om the other hand, a certain percentage
of clay is desirable to make an easy-working stone, If the cement is
entirely or largely quartz or caleite, the stone will be too hard to work
freely. No arbitrary standard can be given for the masimum pereent-
age of alumina allowable, as that depends on the form in which it
occurs, the manner of its distribution, and the character of the grains
conbaining it.

The iron is desirable within reasonable limits. providing it oceurs in
the peroxide form, as it gives the color to the stone and forms a strong
and durable cement. If it ocenrs in the form of pyrite or carbonate if
is liable to be a source of disintegration, It is customary in making
the analyses to determine the iron as peroxide without proving it to
be sueh. Hence the small percentage of protoxide given with the
Hummelstown stone does not signify that it does not ocenr in any of
the others, but simply that it was not determined in any of the others,
and is given to show that it does not oceur in sufficient quantities in
the Hummelstown stone to be any serious injury to the stone, as might
be suggested by its blue color.

The lime is not a desirable element, but it is probably less injurious
in the form of feldspar (the form in which much of it occurs in the
tables) than in the form of caleite, as in the latter case it hardens the
stone, and where it does not form all the cement, hardens it unequally,
and in the presence of acids is liable to be a source of weakness. In
the first instance the only injury is in the presence of feldspar, which
is liable'to decay. The alkalies are not desirable, on account of their
golubility and the tendency of the substances in which they oceur to
disintegrate.
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MINERALOGICAL COMPOSITION OF BEOWNSTONE.

The mineralogical composition is frequently as valuable an indication
of the guality of the stone as the chemical eomposition, and sometimes
more 50. especially when combined with a mieroseopic examination,
which shows not only the minerals present, but fthe relative quantity
and the condition in which they oceur. The balk of all sandstones is
made up of quartz grains, which generally form from 70 to 95 per cent
of the rock. In the guartzites the graing are eemented by quartz
deposited in the interstiees, thus giving a high percentage of silica,
However, a high percentage of silica does not always signify a quartz-
ite, as may be seen on comparing a few analyses in the foregoing tables.
Thus, the Mount Gretna and the Hockersville stone each shows more
than 91 per cent silica, while the White Haven stone has less than 91
per cent; yet the first two, especially the Mount Gretna stone, are fri-
able sandstones, and the last is a hard quartzite, Likewise, the Wil-
burtha stone, which hias 93 per cent silica, is a soft stone; and the
Manstield (Indiana) stone, with more than 92 per cent silica,is afriable
sandstone; and the Lumberville stone, which is a hard quartzite, has
less than 80 per cent silica. The advantage of the microscopic exam-
ination over the chemical, or rather in combination with the chemical,
ig that it ghows the form in which these elements oecur. Thus, the
Lumberville stone has the grains of guartz and feldspar firmly bound
in a quartz cement which would not be shown by the analysis.

The next most abundant substance after quartz found in the grains
of sandstone is feldspar. TIn some localities orfhoelase and mierocline,
the alkali feldspars, are abundant, while in other places the plagioclase
or basie feldspars predominate. As most of the feldspars occeur in the
gandstone in a more or less decayed condifion, where plagioclase
abounds caleite is liable {o be found in the sandstone, and in many
places there is formed on the stone in protected places an efflorescence
of sodium or potassinm sulphate from the alkaliof the feldspar. While
this was observed in many places, it was determined by analysis from
only one locality, and it proved to be mirabalite, or glauber's salt
(sodium sulphate). The resulting products of decaying feldspar are
numerons, depending on the conditions under which it decomposes.
The most common products ave elay, quartz, and muscovite (miea). In
none of the brownstones examined was muscovite observed in large
flakes where it appeared to be secondary product, but aggregates of
clay with mueh finely granular quartz and minute fakes of what is
apparently muscovite are plentiful, sometimes in a rim of feldspar,
sometimes with included fragments of partially decayed feldspar—in
fact, nearly all stages from fresh feldspar to elay in which the ountlines
of the feldspar have been lost.

Mica is very scarce in the Pennsylvania brownstones, oeenrring only
in a few widely scattered fragments. It readily decomposes, yet it is
an element of weakness, not so much from its disintegration as from the






1034 MINERAL RESOURCES,

coarse, but a uniform eoarse.grained stone is better than one having a
mixture of coarse and fine grain. As a rule, the coarse-grained rocks
are more porons and absorb water more freely, and hence are more
liable to injury from the frost. On the other hand, they are less liable
to be laminated or * reedy,” less liable to have clay seams, will geverally
work more {reely in all directions, and are less liable to be cut np by
numerons seams, both vertical and horizontal, than the fine grained
ones, 'The fine-grained stones are generally stronger but less elastie,
not 8o apt to disintegrate, but more apt to crack and shell. They are
equally well adapted to rock-faced, tool-dressed, or fine carved work.
The microscope reveals several features in regard to the texture and

composition of the rocks that are not bronght out in any other way.

1t reveals both the mineral constitnents and their condition of preser-
vation, as well as the proportions, kind, and character of the cement—
facts which are given under the different varieties,

PHYSICAL TESTS.

The accompanying table shows specifie gravity, absorption, and erush-
ing tests made on brownstones from a number of productive quarries in
the United States. In comparing the results made at different places
considerable allowance must be made for the fact that different methods
produce different results. Thuas there are several different methods of
obtaining the specific gravity, each of which has its merits, thongh
obtaining different results. The nmmelstown stone appeared from
the results to be much heavier than the other brownstones of similar
appearance. When, in order to verify the comparison, tests were made
in the same manner on other stones, it was discovered that the differ-
ence was in the method of taking the specific gravity. A carefully
trimmed 6-inch enbe of the pnrple brownstone was found to weigh
18} pounds, equal to 146 pounds per cnbic foot, the weight from the
specific gravity showing 166 pounds, a difference of 20 pounds to the
cubic foot. A cube of brownstone gave 150 pounds to the foot, which
is the weight used by the company.

Crushing tests made on stone of the same kind, from the same bloek,
all prepared by the same stone-cutter, tested on machines of the same
make, but by different operators in different places, show a variation
in one set of four samples each of more than 2,000 pounds per square
inch, and on another set of more than 4,000 pounds per square inch, or
more than one-third of the total strength.
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VCCURKENUE OF PFENNSYLVANIA BROWNSTONES.

The brownstones, so far as commercially developed, are confined
largely to the eastern and southeastern part of the State. The New
Red area in which most of the quarries are located extends from the
Delaware River north of Trenton in an irregular, rather broad belt
west-southwest through Bueks, Montgomery, Berks, Chester, Lebanon,
Lancaster, Dauphin, York, and Adams eonnties. The most productive
quarries are those near Hummelstown.  Other less productive quarries
are att Mount Gretna, Schaefferstown, Molhnsville, Birdsboro, Pheenix-
ville, Valley I'orge, Port Kennedy, Forft Washington, Norristown,
Grenoble Station, Neshaminy, Newtown, Yardley, and Lumberville.
Quarries of’ a eonsiderable size near Middletown and Goldsboro were
once produetive, but are now abandoned.

The Maunch Chunk formation, of Lower Carboniferous age, from
which the red-brown gquartzose sandstone is obtained, surrounds the
anthraecite coal basin in the eastern part of the State, and, according
to the State geological map, nnderlies the Coal Measures of the west
and west-central portion of the State. So far asg is known to the writer
the only places where the Mauch Chunk red stone has been guarried
are the southern part of the north anthraeite field and the east end or
the middle field at Mocanaqua, Laurel Run, and White Haven. A
quarry reported near Rockwood, Somerset County, may be in this
formation. There is brownstone in the Catskill, Clinton, and Medina
groups in Pennsylvania, but so far as known no quarries have been
opened in any of them. Time did not permit a persoual examination
of these areas to see whether good stone oceurred in commercial quan-
tities or mot. The fact that there are many productive quarries in
the Medina formation in western New York, and the promising appear-
ance of the few outerops observed in this State, would suggest the
possibilities of good brownstoune from this formation.

METHODS OF QUARRYING AND HANDLING THE PENNSYLVANIA BROWNSTONES.

In all of the small brownstone quarries the work is mostly done by
hand, with the liberal (entirely too liberal for the good of the stone) use
of powder. Holes are drilled by hand, either by the churn-drill or the
Jjumper, and heavily charged with powder and fired, loosening some-
times a large quantity of stone. If the blocks thus loosened are too
large to be broken by repeated blows with a heavy hammer another
charge is put in and the demolition completed. As may be well imag-
ined, but little good dimension stone is quarried in this manner; yet
much stone that would be good dimension stone if properly quarried
is taken out in this way. Where good dimension stone is required, it is
taken out either by splitting from the ledge wilh wedges (plugs and
feathers), or by the Kuox blasting system or some similar system.
Channeling machines are not used in any of the brownstone guarries
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of this State, nor is the stone in any of them in sueh a shape as to
require or justify their use. There are numerous seams in all of the
quarries, either bedding or joint seams, and by utilizing these seams
the stoue can be extracted more cheaply by wedging and blasting than
by ehanneling, In the Hommelstown region the strata are too highly
inelined fo be channeled to advantage. In the larger quarries, like
those at. Hummelstown, the Knox system of Dlasting is nsed, and this,
if properly managed. reduces the injury to the stone almost to a mini-
mum. Where the roek occurs in regular layers, after once getting a
straight face snceessive blocks are hroken ofl by putting a row of holes
parallel with the face and firing with a battery. The channeling
machine may here be used to advantage in cutting out the ends of the
quarry, or if on a long face by making cross cuts, if the position of the
stone is snch that it can be nsed.

In all small quarries the stone is loaded on the car, boat, or wagon
either by hand or with the use of a man-power or horsepower derrick.
The larger quarries have steam hoists. Nearly all the quarries in oper-
ation are near the railway or canal. The shipping facilities of each is
mentioned in the description of the quarry.

TUSES AND ADAPTABILITY.

Brownstones are unsed for almost all classes of work for which any
other rock is used. It is preeminently a building stone, probably one
of the most valuable in the market, and is adapted to as many different
classes of structural uses as any other. In Pennsylvania, besides its
use as a building stone, it has been used as sand for plastering, masonry,
for furnace hearths, lining blast furnaces, monuments and paving bloeks,
eurbing, flagging, stepping stones, macadam, and concrete. But by far
the larger part quarried goes into structures of some kind; the better
qualities into snperstrocture, as walls or trimmings, and the inferior
grade into foundations, bridge piers and abutments, eulverts, retaining
walls, ete.  Thedifferent varieties are all adapted to these different uses
if gelected with care. Thus, where the stone is to becarved or smooth
dressed, a fine-grained stone of homogeneous color and not too hard
should be selected ; for rock-faced work and heayvy masoury the coarse
grained can be used; bul all kinds are snitable that are sulliciently
strong and durable. In bridge piers and foundations mixed stone—
that is, stone variegated in color or texture—may be used. In nearly
all quarries there is considerable stone that may be as strong and
durable as any but is lacking in beanty or homogeneity, and ean nof be
used as first-class stone in superstructures, but which ean be used to
advantage in bridge work, where strength and not beauty is required.

Soft stones, like those from Newtown and Yardley, are admirably
adapted for building in face work or for heavy trimmings, but will not
stand the wear in pavements and streets, or heavy cross strain in lintels
and sills, unless protected in some way. Stones like those from White
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Ilaven, Wilkesbarre, and Lumberville are sufficiently hard not only
for foot wear in pavements, but for street wear, as Belgian blocks or
crnshed stone,  On the other hand, they are not adapted to buildings
where much cutting or carving is to be done, on account of their
hardness,

To obtain the best architectural effects care must be talken in select-
ing the colors, This is largely in the hands of the architeets and the
contractors, but when they persist in putting up entire bloeks of dark
brownstones along narrow streets it is time that owners and residents
should protest. Some shades of brownstone are pretty in themselves;
others have their natural beauty intensified and brought out by judi-
cions mingling with other colors and shades. The lighter colored
brownstones could be used in larger quantities, eitherin the same build-
ing or the same town, with more pleasing results than the dark colored,
but the two together will produce a better effect than either alone.
The darker stones are better adapted to business blocks on the prinei-
pul thoroughfares, as they do nof seil or show stain so readily. The
lighter colored ones are adapted to residences in fhe saburbs or conntry
towns, The very hard quartzite varieties should not be used in excess
in face work, as the hard, stony glare prodnced by them is repellent.
On a large face this could be relieved in part by an intermingling of
sawed or tool-dressed faces among the rock-faced ones.

BROWNSTONE QUARRIES IN THE NEW RED AREA OF PENNSYLVANIA.

Goldshore.—Brownstone oceurs over an extended area in Adams and
York counties, but only one guarry of any extent has been opened.
That is 24 miles west of Goldsboro, York County, the nearest railway
station. 1t was epened in 1851 and was operated most of the fime
until 1869, from which date to 1880 it was in continuous operation. It
has been idle since 1880. The stone is a medinmly fine-grained, rather
dark eolored brown, oceurring in a bed 12 to 15 feet thick, overlain by
red-brown shale. The produet was nsed for building purposes in many
“of the towns of south central Pennsylvania, some being shipped as fur
south as Baltimore and Washington.

Hummelstoion and vicinity.—Nine different companies have operated
quarries in the vicinity of Hummelstown, but there is only one in active
operation at the present time—{the Hummelstown Brownstone Company.
Some of the companies have been absorbed by fhis company, some of
the quarries abandoned, and some possibly only temporarily idle. The
quarries of the Hummelstown Brownstone Company, sitnated abonf 3
miles south of Hummelstown, were opened about 1300, and have been
in more or less active condition since that date. Their greatest period
of activity has been since 1866, Since that date it has ranked wmong
the largest, most productive, and best-known brownstone quarries in
this conniry. Dozens of fine buildings all over eastern and central
United States attestits beanty and right to rank among the hest brown-
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stones in the country. The company is now operating three gnarries,
employing 100 or more men; in busy seasons, (rom 500 to 700 men; has
a large, well-equipped mill, 30 steam-power derricks, 2 wire cable ways,
2 steam travelers, abundance of steam drills, a large steam shovel, and
their own railway and locomotives, conneeting with the Philadelphin
and Reading road at Brownstone Station, 2 miles distant.

The strata in this loeality all dip abont 402 to 45° to the north, thos
giving the sfrike or the line of ounterop an east-west direction. The
separate layers vary from 20 inches to 20 feet in thickness. While the
beddiug planes are not abundaut, and, where they do occur, are not
conspicnous open seams, yet there is throughont the bed an easy cleav-
age parallel with the bedding, on which the layers can be readily split
into any thickness desired. These seams are more abundant near the
outerop, and least so in the bottom of the quarry. The jeint seams in
in these qnarries are not numerons. The total thickness of the stone
is not known. Incloding the conglomerate and the shales there is cor-
tainly not less than several hondred, probably several thonsand, feet.
The greatest thickness of good quality of brownstone at one place is
abont 50 feet, as ghown in the gnarries of this company. But while
this is immediately underlain and overlain by red shale and conglom-
erate, good stone iz known fo oecnr both above aund below the bed
quarried. 1In faet, some good stone hag been gquarried from strata both
above and below that in the produoetive guarries. Thus the snpply of
good stone is practically nnlimited, The only question is the economic
produetion of it, which question the company has answered successfully
so far. The stone varies somewhat in texture. There are fissile red
shale, fine-grained sandstone, and both shale and quartz conglomerate;
but there is not an intimate intermingling or gradation of these one
into the other, which is noticeable in other localities, The series alter-
nate, but rarely mix, thongh in places there is a mingling of the shale
fragments with the sandstone, Thereare heavy layers of coarse quartz
pebble scattered through the sandstone, The first-class stone is an
even-grained, fine-grained stone, remarkably uniform, perhaps unsur-
passed in this property by any browustone in the United States. The
texture of the Hummelstown stone is very close and it will take a very
smooth finish, The absorption of the stone is about the average for
brownstone, but it appears to be harder than the average brownstone,

There are two decided shades of stone from the different quarries,
The most abundant shade—the one that comes from all but one of the

‘quarries—is a veddish brown, resembling the East Longmeadow (Massa-
chusetts) stone in color. It is among the darkest-colored ones in this
State, those farther east being almost all lighter colored, except that
at Mohngville and Frog Hollow. The other shade is a pueplish brown,
which comes from their No. 5 quarry. It harmonizes well with the
redder tint, and buildings with the lower partof the blne stone and the
upper part of’ the red stone present a good appearance,

"
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The chemiecal composition, crushing strength, absorption, and specifie
gravity of this stone arve given in the tables on the preceding pages,
and show it to have all the essential properties of a strong and durable
stone and at the same time to be not too difficult to work. Its dura-
bility is shown not only by its eomposition and tests but by exposure.
The Berst house at the quarry was constructed in 1800 and shows not
the least sign of decay, the stone not even being diseolored. The same
is true of other old buildings in the vieinity. It is practically free from
mica, and nowhere has it been observed to seale and flake off.

Quarries of more or less local value ocenr along the mountains east-
ward from Hummelstown as far as Reading, but no large quarries that
do any shippiug. In the vicinity of Cornwall and Sehaefferstown the
stone, which has had cousiderable loeal nsage, has a light attractive
color, but is coarse, most of it containing pebbles.

There are three quarries at Mohnsville, south of Reading, of dark-
eolored brownstose associnted with much congiomerate, that has been
used in Reading and the surrounding country. South of Birdsboro is
a handsome pink sandstone that has heen used for building puarposes
in considerable gquantities,

Other quarries oceur along the Schuykill Valley at Phenixville, Val-
ley Forge, Port Kennedy, Norristown, Bridgeport, and Fort Washington,
some of considerable size, but the markets are mostly local. There are
productive quarries near Doylestown and Greenoble in Bucks County.

The most productive localities for fine brownstone in the New Red
area in eastern Pennsylvania are at Newtown, Yardley, and Lumber-
ville, Bucks County. The quarry at Newtown is comparatively small,
yet produces a good grade of stone that is nsed in fine building work.
The stone is comparatively soft, has a purplish-red color, works ¢nite
freely, and looks well either in rock-face or tool-dressed surface, The
gnarry has been operated since 1862, and has farnished stone for use in
Philadelphia and its suburbs, Trenton and Newfown.

There are two quarries within half a mile of Yardley, each of which
has produced considerable stone for the loeal markets, Trenfon, Phila-
delphia, and Camden. Only one of these quarries is in operation at
present.  Both prodnce a light-reddigh brownstone resembling some-
what that on the New Jersey side of the Delaware at Wilburtha, all
known in the market as the Trenton brownstone, which term is fre-
guently used also to include the Stockton and Lmmberville stone, far-
ther up the Delaware. There are other smaller quarries of purely local
importance in the vicinity of Yardley which are not in operation af
present. The Lumberville stone, called by one of the companies * Lom-
berville granite,” by another * Lumberville graystone,” is a different
character of roek from any of the other brownstones of the State. Itis
not properly a brownstone, much of it having a gray mixed color. Yet
some of it is light brown, and it occars in the New Red formation inter-
calated with red shale at what is thonght to be a little lower horizon

18 Gron, Pr 5 GO
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than the Newtawn and Yardley quarries. The stone is much harderthan
the common sandstone, owing to the prevalence of siliceous cement,
It closely approaches a quartzite in hardness, and might be classed as
a qnartzite, or af least as a very quartzitic sandstone. It differs from
ordinary quartzite in having a great many grains of feldspar among
the quartz grains, in some places the feldspar being in excess of the
quartz. Ithasbeen used in quantity in Philadelphia for paving blocks,
and has heen used at varions points for bnilding stone,  Itschief defectsas
& building stone arve its hardness and lack of homogeneity in color, The
first is in part compensated for by the remarkably straight grain of the
rock, by meavs of which it can be split with great facility; the second,
by quarrying in large quantities and selecting the shades. The qnarries
are on the Delaware division of the Lehigh Canal, on which most of the
stone is shipped, but one of the companies hug a wire cableway across
the Delaware River to the Pennsylvania Railroad in New Jersey.

BROWNATONE QUARRIES IN THE MAUCH CHUNK RED SHALE FORMATION,

In the Mauch Chunk Red Bhale formalion, in east-contral Penn.
sylvania, in a nmmber of places there arve layers of a hard red quartzite,
whieh is nsed for bnilding and paving stone to considerable extent. It
has been quarried in the vicinity of White Haven, at Laurel Run south of
Wilkesbarre, and at Mocanaqua southwest of Wilkesbarre. There are
two quarries abont 2 miles north of White Haven, and fhree in active
operation along the Lehigh River sonth of White Hayen, and one or
two idle ones. The product is nsed for flagstone, Belgian blocks, foun-
dations, retaining walls, and superstractures, The stone is well adapted
to street work, both on aceount of ils hardness and its eolor. It is even
harder than the Lumberville stone, and is more truly a veal gquartzite,
as there is less feldspar among the graius and even more guartz in the
cement. In a few localities there is an appreciable percentage of lime
carbonate in the cement. As may be seen in the table seven pages back,
the eroshing strength of the stone is very high and the absorption very
low. It makes a durable stone in exposed situations, like foundations
and base conrses, because of its sliphtabsorption. The flagstone oceurs
on the outerop almost entirely, and appears to be due Lo the vpening of
the incipient bedding seams, gometimes false bedded, by the weathering
influence, the interior of the bad being massive.

The stone at Lanrel Run and Moeanaqua is very similar to that at
White Haven, and the uses ave about the same, probably a larger pro-
portion of it being used for building stone and less for paving than the
‘White Haven stone. The produet of all these quarries is used for the
most part in Wilkesbarre, Seranton, Manch Chunk, and smaller towns
along the Lehigh Valley Railroad and the Central Railroad of New
Jersey. Some has even been shipped into New York, bnt Wilkesharre
is the principal market. Brownstone quarries are operated at Rock-
wood, Somerset Connty, and Elwood City, Lawrence County. Gray
and bull sandstones are quarried at many localities throughout eentral
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and western Pennsylvania, but bave not been examined in detail by
the writer.

South Dakota.—An advance from £26,100 in 1895 to $37,077 in 1896
has been made. The sandstone industry is eomparatively new in the
State.

Tennessee.—Sandstone valued at £4,100 was produced in 1306, The
output comes from Bledsoe County., It was used for building, curbing,
and Hagging.

Tervas,—Sandstone to the value of 897,336 was quarried in 1895; in
1896 the total value amounted to 36,000, Complaints of the depressed
conditions were made by nearly all of the producers,

Utah—A small quantity was prodoced in 1896, The demand was
very dull.

Washington.—Sandstone to the value of $11,090 was quarried in 1896,
This is somewhat below the valuation for 1895.

The tollowing results of tests were obtained by Maj. J. W. Reilly,
at the Watertown Arsenal, on Chuckannt sandstone from Whateom
County:

Tests of sandstone from the Chuckanw! quarries, Washington,

Inmensiona. Ultimate strength.,
S &2;;2’;_"9" Firat crack.
Per aquare

Helght. | Compressed surfoos. | Total. i:gh.
Inolies. Tnohes. | Tnokies. 7. thehea, Founds. Fowada. FPrunda.

3.99 4.22 4.20 17.72 179, 000 182, 000 10, 276

4,00 4.13 4,20 17.85 183, 000 221, %00 12, 790

120 | 421 ‘ 4.23 17.81 192, 000 197,700 | 11,100

West Virgintia—The output in 1805 was valued at $40,000. This
decreased to $24,695 in 1896. There is mueh good sandstone in the
Btate, and some of it has made a good reputation for building pur-
poses. Stone from Elkins, Randolph County, has been found by the
Watertown Arsenal to have a crushmng strength of 18,791 pounds to
the square inch.

Wisconsin—The value of the output in 1895 was £78,000, while in
1896 it was $65,017. Ordinarily prosperons eonditions would have
made a much larger output probable, as a number of firms failed to
operate owing to lack of demand.

Wyoming.—An advance from $10,000 in 1895 to $16,465 in 1896
was made. Prospects for 1897 are said to be good.

LIMESTONE.

The total value of all limestone and lime produced by quarrymen in
1896 was $13,022,637. The figure for 1895 was $15,308,755. A falling
off of somewhat over $2,000,000 is evident,
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Colorado.—The output of 1895 amounted fo a valuation of $116,355;
for 1306 the figure was $65,063. The stone was used chiefly for blast
furnace flux; it was quarried in Jefferson, Pitkin, and Chaffee connties.

Cannecticitt.—Mogt of the ontput of limestone comes from Litchiield
Connty; the rest from Fairfield County, I6is practically all burned into
lime, the value of which was 154,353 in 1895 and $138,945 in 1896,

Flovida.—A small quantity of lnoestone was quarried in Marion
Connty and practically all was burned into lime, the valne of Whlch
was #16,982,

Georgin.—Limestone is gquarried in Catoosa, Bartow. and Polk conn-
ties. 1t is practieally all burned into lime, the value of which in 1896
was 329,081, abont donble the value of the produet in 1895,

Tdaho.—The value of lime made in 1896 was $6,610, Praectically all
the limestone quarried was burned into lime. Most of it was quarried
in Kootenai Connty.

Illineis.—This State in the past has stood first in the production of
limestone for building, but in 1396 it is second teo Indiana, for whosa
output the value was $1,658,499, against $1,261.359 for linois in 1596,
In 1805 the value of the product in Hlinois was $1,687,662. The most
important prodocing county is Cook County; Will County comes next
inimportance. Small quantities are produced in quite a large nnmber
of other counties in the State. The stone is largely nsed for building,
flagging, and earbing. The extensive quarries in the vicinity of Lemont
and Joliet have heen fully described in former reports.

The following are physical tests of dolomite from Niota, lllinois:

Phygival teats of limestone from Niota, I1Tinois,

Crushing strength per square ineh. ... ..ooaaes ,,_...p:mnds.. 14, 120
Waeight per eubie foot ... .. cociscmsciiieciaeancaiadoa 161
Sperifio gravity .. O e S A N e DR AR,
Ratio of n.bsurptlnn S el B Vesssoviae narcan‘{ 0, 0325

Weight, per enbie foot of limestone takou fwm quarry at Grafton,
IMinois, 156 pounds.

Physioal testa of Hmestone from Joliet, Tllinais.

T P e S LR R SR e e L
HBpecilie gravity.. e e SR e e e e e s o 2
Rm.nmful;sur'pr.wn_.....___. SiMmaa & aw S At dbas BRI | L RS
Crushing strongth per squars inr.]i amen asia <as-ponnde.. 16,000
Weight per enbic foot. _._.,A..,.....,,.,..........._____do Y 170

Indiana.—For its output of ornamental and buildmg limestone Indi-
ana is the most important and interesting Stale in the Union. The
stone is well known as Bedford oblitic limestone, and has been guite
fully described in former reports. At present it is used over practi-
cally all parts of the eountry, and it is popular. Prices for the stone,
owing to hard times and competition, have been declining. The value
of the tota output of limestone, most of which is Bedford stone, was
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almost the same in 1896 as in 1895; the figures were 21,658,976 in 1805
and $1,658,459 in 1896,

The following paper is the result of careful investigation and is a
valuable contribution to the literature of Indiana eilitie stone. In
connection with the statistieal portion it should be remembered that
the fignres apply to oblitie limestone only, and not to the entire lime.
stone of the Stare, as is the case with the total for the State already
given in the tables.

THE BEDFORD OOLITIO LIMESTONTE,

By T. €. Hoprkixs and . E, BIEBENTHAL,'

The term *“Bedford odlitic limestone,” so long and so well known in
commercial cireles, has now been adopted as a geologic term, and desig-
nates that bed of odlitic limestone of Lower Carboniferons or Missis-
sippian age that forms an irregular area throngh southwest-central
Tudinna, and hias been gquarried in ab least five counties, I is now one
of the best and most widely known of our building stones, having
been nsed in at least 24 States and Territories and in 1 loreign
country. Tts wide reputation is dve to its general usefulness in
magonry, ornamentation, and monuments; its abundance; the ease
with which it can be quarried and dressed, and its pleasing color and
durability. The stone is properly a calearcous sandstone or freestone,
diftering from the ordinary sandstones in having the grains composed
of lime carbonate instead of quartz and in the graing being small fos-
sils ingtead of sediment transported by water from the débris of some
former rock muss. It differs from other limestone in its granular tex-
ture aud freestoue grain.

The stone has been variously designaled in geological reports as St
Louis limestone, Warsaw limestone, Spergen Hill limestone, Bedford
Timestone, and by more local terms—Tllettsville limestone, Salem Time-
stone, and names of ofher places where it has been qnarried. The term
Bedford odlitic limestone is believed to be the most appropriate term,
as it is the one best known commercially.

The Bedford oilitic limestone extends in a general southerly direction
from Greencastle, in Putnam Connty, to and beyond the Ohio River
into the State of Kentucky, in a belt from 2 to 14 miles wide, averaging
about & miles, covering parts of I’ufnam, Owen, Monroe, Lawrence,
Washington, Perry, and Orawford connties, and is quarried in large
quantities in Lawrence, Monroe, Owen, and Washington connties. The
townsand villagesof Bedford, Bloomington, Sanders, Ellettsville, Stines-
ville, RRomona, Balem, and Heltonville are the points aronnd which the
quarries are clustered and from which the stone is shipped. The stone

1 While this paper ia to p certain extent the work of the two writers jointly, Mr. Stebenthal, who liaa
reeenily prepored a detailed map of the produetive part of the oflitie Hmeatone aren, assnmes respon-
eibility for the enbjsot-matter under the headings * Location, " “Stratigraphy, ' and “Statistics,"" Mr,
Hopking is responsible for the romainder of the togics and the arrangsment of (he paper,
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extends north of Gosport as far as Quiney, in Owen County, there being
a single exposure as far north as Greenecastle, Indiana, but it does not
oceur in commercial quantities north of Romena.

The valley of the north fork of White River at Gosport, in the north
part of the oblitic area, is 570 fect above sen level, und the valley ol the
east fork of White River sonth of Bedflord, sonth of the middle of the
area, is 500 above sea level. Crests along the divide hetween these two
forks in the vicinity of Bloomington are 900 to 950 feet high. The oblitic
limestone has no topographie features distinguishing it from the other
limestone, Where it forms the top rock of the ridge, the surface is
gently undulating, and along the stream sourees it frequently forms
bold blufts, but in both respeets it is not different from other limestones
of the area,

The Bedford oijlitic limestone oceurs in the sub-Carboniferons or
Mississippian division of the Paleozoie. The associated sub-Carbonifer-
ons rocks nre the Rockford goniatite limestone, the Kunobstone group,
the Harrodsburg limestone, the Bedford odlitic limestone, the Mitchell
limestone, and the Chester or Kaskaskia group, named in order of
superposition, with the oldest first.

The Harrodsburg limestone, which lies immediately below the Bed-
ford oiilitic limestone, is named from Harrodsburg, in Monroe County,
where it is typically developed, It varies locally in eharacter, being
composed of massive fossiliferous erystalline limestone, blue and yel-
low shale, chert, compact and flaggy limestone, and in many places
geodes. It varies from 60 to 90 feet in thickness.

The Mitehell limestone, immediately overlying the odilitic limestone,
is named from the town of Mitehell, in Lawrenee County, and consists
of a series of impure limestones, ealeareous shales, and fossiliferons
limestones aggregating 150 to 250 feel, in thickness. Specimens of
lithographie limestone have been obtained from the group, but not in
eommercial quantities,

The Bedford oblitic limestone oecnurs in a massive bed varying in
thickness from 25 to nearly 100 feet. The greater part of’ the stone is
free from lamination or bedding seams. On weathered surfaces the
lines of sedimentation, both troe and false bedding, are brought out
more or less conspicionsly in several places., Sometimes even a shaly
structure is developed by weathering, These are local featnres, as in
many places the outerop shows a ecomparatively regular surface, free
from lamination, Lo almost every quarry or natural exposure there is
ub Teast one system of vertical or nearly vertical joint seams, and in
many places two systems, one having a general eastward direction, the
othier a general north-south direction. The joint seams are rarely so
numerous as fo prevent the oceurrence of stone in large dimensions.

Where there is a firm rock covering, the joints are seldom more than
regular eracks or eleavage planes in the rock mass, but in many places
where the overlying rock has disintegrated and the oblitie stone has no
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rock eovering the weathering agencies have penetrated along the joint
planes, forming irregular cave-like openings from a few inches to several
feet across, whieh openings are now filled with the residual clay and
soil, thus causing much waste and expense in quarrying. The stylolite
seam, known to the quarrymen as “crow-foot” or * toe-nail,” canses much
waste. As seen on the face of the rock, it resembles ronghly a suture
joint, horizontal or nearly sn, corresponding in a general way to a bed-
ding seam, but differing from the ordinary bedding seam in the vertical
Jagged tooth-like projections on each side of the seam, The seam is
frequently black from the colleetion of carbonuceous matter. These
seams do not occur in all the qnarries alike, some having one or two on
every channel cut, some having only one or twa on the whole quarry
face, and a few being entively free from them,

The Bedford stone is a granular lmestone, a caleareous sand rock,
in which both the grains and the cement are carbonate of lime. In
the common sandstone the grains are hard and nearly angular; in the
Bedford stone the grains are always soft and either round or ronnded.
In the giliceous sandstones the grains are harder than the cement; in
the Bedford stone {he cement is harder than the grains. The grains
are almost entirely small fossil forms, mainly Foraminifera. These are
commonly about the size of average sand grains, but in several places
there are a great many larger fossils, brachiopods, gastropods, ete.
The part containing these large fossils is not nsed for building stone,
buat is thrown out with the waste. The smaller forms that muke up
the mass of the rock vary in size in different localities, causing finer-
grained stone in some localities, The finest-grained stone is the one
most songhit after, provided it is uniform in both grain and color.

All the Bedlord stone is classed as buff, blue, or mixed. The blue is
apparently the original color of at Jeast the greater part of the stone,
and is thonght fo be caunsed by the organie matter and the iron in the
protoxide state, which, in contact with the oxidizing agents, give the
buff color, the organic matter disappearing in gases and the iron chang-
ing to the protoxide state. There is so little of either present that the
difference in color is buti slight. ‘I'he oxidation generally does not follow
along regular lines, so that the parting is frequently marked by a very
zigrag line, and in guarrying considerable stone vontaining the two
colors intermingled, known as mixed stone, is produced, and while it is
as strong and durable as any other it is nearly all thrown in the waste,
as there is no demand for any but first-class stone.

The Bedford odlitic stone has been tested by most of the methods
used for determining the qualities of building stone. The following
table shows the speeific gravity, weight per eubic foot, absorption and
crushing tests made on the ofilitic limestone.  All of those not otherwise
designated were made ab the Rose Polytechnic Institute, Terre ITaute,
Ind. Thecompression tests were madenpon approximately 2-inch cubes,
each specimen being measured to the nearest one hnndredth of an inch.
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tion of less than 3 per cent in 16 different samples from widely sepa-
rated localities.

The following table shows the chemical analyses of the Bedford
odlitic limestone:

Uhemical analyses of Hedford odlitic {imestone,
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The Bedford stone ranks among the most durable limestones in the
market, proofs of which fact are (1) the chemical and physical tests
showing its freedom from elements of weakness, its great uniformity
of composition and texture, and its great elasticity in withstanding
extremes of heat and cold; (2) the appearance of the stone in its out-
erop, where it presents in many places hard compact, fairly regolar
faces, in some places forming perpendienlar or overhanging eliffs; (3)
oldbunildings and monuments. There are not many extremely old build-
ings construeted of this stone, as the first quarries werd opened as late
as abont 1840, and it was not qonarried on a large scale until after the
war. The buildings that were erected at that early date, as well as
those of more recent date, are all, as far as known, in a good state of
preservation. In the old quarries from which the first stone was taken,
there is no evidence of disintegration either on the quarry face or
in the waste stone in the (unarry, exeept that in a few places where
water stamls in the gquarry, the stone has been observed to scale, espe-
cially where it is coarsely fossiliferous, for a few feet above the water.

There is probably not another stone in this conntry that works more
freely and easily than the Bedford oblitic limestone. It almost rivals
the French Caen limestone in this respeet. The French stone is a little
softer and a little more easily eut and carved, bul it is alse a much less
daorable stone. The Bedford stone is easily drilled and channeled and is
thus not expensive to quarry. 1t is easily sawed, ent, and earved when
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it 18 first quarried. While 1t nardens on exposure, 15 never becomes so
hard as granite, marble, or many of the sandstones. It iz eminently
adapted to earved and ornamental work. because of the ease with which
it can be eut, while it is at the same time hard and durable enough to
retain the marks and not to ernmble under the carver’s tool oron expo-
sure.

Few building stones are more accessible than the Bedford oilitie lime-
stone,  Ocenrring as it doesin an almost horizontal position, it outerops
over & comparatively large area, with either no covering at all or one
so light thati it can profitably be removed. A recently prepared geo-
logic map of the area shows the total length of the onterop in Owen,
Monroe, and Lawrence counties to be not less than 1,600 miles. The
topographic features are such that almost any point in the whole area
is readily necessible by railway grade. This is practically demon-
strated by the loeation of the different railways. The Monon Railway
traverses the area from north to sonth over all the productive part, and
that it was built before 1he valueof the oilitic stone was known speaks
well for the relative ease of building the road and for the agricultural
prosperity of the region. There are also three east-west railroads and
# short line known as the Belt, which serves to connect many quarries
aronnd Bedford with the other roads. There are short braneh roads
making switeh connections with one or more of these roads running
into each of the gquarries,

The stone is practically all eut free on the four sides by a channel-
ing machine. If the quarry is opened on the top of the bed, the center
or the key block is removed by breaking it loose with wedges or bars
at the side and lifting it ont with the derrick. After the removal of
the first block the subsequent blocks are removed by drilling holes
along the bottom and wedging them loose, when they are lifted oub
with the derrick. Where the quarry is opened on the face of a cliff or
a steep hillside, thera is no key bloek, and the stone is worked back
from the outerop. In many of the larger quarries bloeks from 20 to 50
feet long, 6 to 10 feet deep, and abont 4 feet across ave loosened. Tho
channel euts are commonly made either 6 feet 6 inches or 10 feet deep,
but sometimes vary from these figures in order to ntilize to best advan.
tage the entirve thickness of the bed and the varying thickness between
the stylolyte or erowfoot seams. The stone is lifted from the quarry to
the railway ear by large derricks with steam-power loists, and may he
squared into mill blocks hy the seabblers on the car, or it may be sent in
therongh to the mill and there suwed into the desired forms for the order
in hand. The saws are almost entirely the common gang saw with long
iron blades made to swing to and fro across the stone, sand and water
being fed under each saw automatically. One of the mills is supplied
with a large diamond saw, and one company uses the wire cable saw,
first for sawing dimension stone in the yard, later for sawing stone (rom
the quarry. In thestone mill, besides the saws, there are stone planers
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and headers or jointers and lathes for smoothing, trimming. and shaping
the stone. The Jarge mills are also supplied with overhead travelers,
operated by steam or electricity.

The major part of the stone is used for fine dimension stone for baild-
ings, both for face work and trimmings. 1t forms one of the best known
and most widely nsed bnilding stones in the American market, having
been used in a great many public and private hmldmgs 1t has been
used in ab least four State houses—Indiana, Hlinois, Georgia, and New
Jersey—und one of the State buildings (the library) of Pennsylvania.
It is known to have been used in not less than 20 court-houses in Indi-
ana and in many Government buildings—custom-houses and post-offices
—throughont the eonntry. 1% finds equal favor for both face stone and
trimmings, irs lighti color harmonizing so well with many of the differ-
ent colored stones throughout the country, and the ease with whieh it
can be worked making it of donble value in frimmings. A large guan-
tity of it is used for monumental purposes, as bases for monuments or
for monuments themselyes. Much is used for pavements, being first
sawed into flags. Tt makes a strong and durable pavement and does
not wear slippery, as many limestones do, It is used for curbing and
sewer piers and abntments, but bridge stone is mostly a cheaper grade
of stone, which it does not pay to ship long distances. In a number of
places it has been burned for quicklime, of whicli it makes a pure qual-
ity. In only two points, Salem and Romona, has this proven successful
andof long dmation Limekilns at Rllettsville, Bloomington, and south
and sonthwest of Bedford have long been abandoned and fallen into
decay. In recent years it has been acquiring & loeal use for ballast for
both railways and wagon roads.

The following table shows the commercial importance of this industry
in the State. This table has been carefully prepared, and is as reliable
as such tables can be made, The figures showing the capital, nnmber
of men, production, and yalue were necessarily obtained from the oper-
ators, but the other data were obtained by direct observation, each of
the writers having visited every odlitic limestone guarry in the State.
. The figures do uot show the total value of the stone, as much of it is
shipped in the rongh and sawed and eut to dimensions in the cities, at
mills in Chicago, Philadelphia, New York, and elsewhere, which gives
the stone an added value, but the data for which are not available,
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Towa.—The output of limestone in Towa in 1895 was valued at $449,-
5015 in 1806 at $#410,037. There has thus been something of a decline,
althongh not 8o great as might have been expected. The production
of limestone is spread over many counties in the State, and the industry
is on the whole an important one. Most of the output is used for
building and roadmaking. The producers are guite numerous, and
there are but few who are doing business on what might be ealled a
large scale.

The following are tests of limestone from Stone City, lowa:

Thysical tests of limestone from Stone City, Towa,

Croshing strength per square inch.. oo oooon o iaea.n pounds. . 5, 150
Weight por cubie f00t e 0. 136
SpeciBe rRr T s s S

Kansas.—Production declined from $316,688 in 1805 to $158,112 in
1896, Stone quarries are quite numerous and widespread, but none of
them are operated by very large eoncerns,

Kentuely,—The value of the limestone output declined from $154,130
in 1890 to $135,967 in 1886. The Bowling Green oilitic stone is one of
interest to builders and is qnite unique in character. BSome of the
stone gives excellent lime on burning.

Maine.—The limestone industry of Maine is almost entirely limited
to Knox Connty, where, at Rockland and Rockport and vicinity, large
quantities of lime are made for shipment to numerous points of con-
sumption on the Atlantic coast. The value of the lime made in Maine

in 1806 was $608,077. The figure for 1895 was $700,000 and for 1894

#$810,089; it is thus evident that production has been decreasing for
some time,

Maryland.—The total valne of the limestone output in 1896 was
#264,278. This represents a gain of more than $64,000 over 1895, Of
this amount more than $250,000 is the value of lime made from the
limestone quarried. Oyster shells are quite freely used for lime burn-
ing in this State. and some years ago, when blast furnaces were more
active than at present in the vicinity of Baltimore. they were also con-
sumed as flux.

The prodnetive counties for lindestone in the order of their impor-
tance are Frederick, Baltimore, Washington, Allegany, and Howard.
The first two are about equally productive and are far in advance of
the others.
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