STONE.
By WiLniam . DAy,

INTRODUCTION,

The idata included in this report are obtained almost without exeep-
tion from the individna] quarrymen of the United States.  Their replics
are so complete and comprebensive that it is almost entirely unneces-
gary to make any estimates or approximations whatever. The totals
given are the results of simply wdding the figures retorned in reply to
direct inguiries. The report, therefore, conli not be written until 811 of
these replies were reesived and tabulated, It is hence evident that the
more promptly these replies are made the sooner the results can Lo
tabulated and the eomplete report written. Most of the replies ave
returned with very gratifying prompeoess, bot in the case of a few
what secms to be unneceszary delay retards the completion of the
report. It is therefore hoped that in the fature those who have needed
second amd sometimes even thind reminders will in the interest of
prompt publication make nn effort to avoid nonecessary delay in
making their returns,

For several years past efforts have been made to colleet resulis of
scientific, physical, and chemical tests ol stone, A considerable mass
of material has sccumulated, and instesd of scattering these results
through various parts of the report, as heretofore, it has been thought
wise to condense them, in so far as possible, in tabular form, thus
bringing the figures relating to different prodocts so closely together
that they may be readily compared. While it may seem that a rather
large masz of material has been thus acquired, it will be fonnd on
inspection that in reality eomparatively little has been done. These
results will be found at the end of the present report, and it is hoped
that the number may be inereased materiully in the course of a year
or two,

ACKNOWLEDGMENTS.

While the individoal returns from quarrymen constitute the most
important source of information nsed in this report, the following tech-
nieal journals have been consnlted, and the valos of information obtained
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VALUE OF STONE PRODUCT IN 15808, BY STATES,
The following table shows the value of the various kinds of stone
produced in 1808, by States:
Vaalue f various kinds of stone produced in 1858, by Staics.

Stite Griuite, | Sandatooe,|  Slate. | Marlle, mm._mmi Tutal.

L
B T (P e e [ T e eedd| EOEZ20G  ADTO, 17T
- L TT . 1,782 5 00
5 AT 0, 108
3 om0 | gm0
Ari, S| s, B0
148,057 T, {40, 658
S 75
01,30 61, 100
T EOG | T, 00T, T
1, i T, 480
1,421,072 1, 414, 890
1,88, 572 1,700,000
EE TR
5,005 835,158

&, D00
e 09,441,354

a Fallmated.
-






















278 MINERAL RESOURCES.

MAINE,

Production in Maine is almost the same in valos for 1897 ; the figures
for 1397 and 1895 were, respectively, 21,115,327 and 21,032,621, Quite
a nnmber of the smaller operators suspended work, but some of the
firmgs who gquarcied throughoot the vear repoct decided improvement
over 1807, Prices seem to Lave been somewhat lower thon in 1897,
Indications in the early part of 1390 were good for markedly inereased
volume of bunsinesa in 1880, althongh it does not seem likely that prices
will very materially increase doring the year.

MARYLAND,

The valne of the output in 1997 was 2247948, while in 1808 the cor-
reaponiding total was $317,208. Althongh there was an increase in
output, there was some complaint of dall business among & number of
the producers. The incrense in ontput was doe to larger business on
the part of a few of the active coneerns,

MASSACHUBKETTS,

The valune of the granite output falls slightly below the figure for
1897; the two valoes are 81,736,008 and 21,650,608, The production
of building granite seems to have been more active than that of monn-
mental stoek., Indications for 1809 are good all over the State; reports
for the early part of the year have a decidedly different tone from those
of the past thres or fonr years.

AMINNESOTA.

Granite quarryving has not been very sctively prosecuted for several
years in Minnesota. The value of the cutput in 1898 shows o falling
off as compared with 1897, but there are indications of improvement
i volume of bosiness for 15809, The figures for the two years were
£02.412 and 279,300,

MIZSOURL

Ag in many other SBtates, thers was decided improvement in tho
granite bnsiness toward the end of 15888, On the whole, however, the
value of the ontpot tell behind that of 1887, The valones for the two
years were 897,857 and £78,423,

FEW HAMPEHIRE.

Granite production in New Hampshire sines 1895 secms to have
taken a turn in the direction of steady improvement. This is troe of
a number of producing regions in the State, and the industry bids fair
to reach the magnitude of 1891 in the course of a year or two. The
resonrces of the State in both bnilding and mounmental stock are
varied and abundant. The valoe of the output in 1897 was 2641601,
while in 1895 the corresponding fioure waa 653,500,
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NEW JERSEY.

I the production of crystalline siliceous rocks New Jersey has made
a decided npward stride in the past year. The value of the outpnt
in 1807 was 8561,782, while in 1893 it was 753,513, Of this figure
432,257 represent the value of trap rock, largely consumed as erushed
‘stone for road purposes.  The tendeney of prices for crushed trap rock
lias been downward, but the velume of Dusiness has been steadily
increasing. The use of harder material in the eonstruetion of the
hopper of the stone crusher has resulted in lowering the cost of crusli-
ing. The superiority of trap rock for nse on roads seems to be muoch
more generally appreciafed than formerly. Some of the New Jersey
trap rock croshes at over 37,000 ponmls to the sqnare inch,

NEW YORK.

The value of the granite produoet in New York increased from 8422,
216 in 1897 to 8516,847 in 1595, Bomewhat less than onehalf of the
total value s that of trap roclk for road purposes; this iz being more
and more demanded ns the croshed =tone for the roads of the State.
The outlook for 18%) is much better than for several years past,

NORTH CAROLINA.

The value of the ontput in 1807 was 250,236 and in 1808 #70 060,
A granite which seems to he growing in popularity as curbing materinl
is gquarried in Rowan County, vear the town of Faith. Mount Airy
granite ie also becoming widely known throngh the South as both o
building and monumental material. 1t has been shipped as far north
‘as Pittsburg and has also been used in buildings in Philadelphia and
Ealtimore, :

PENNEYLVANIA.

Production of granite in Pennsylvania has been wm@what frregular
‘sinee 1800, when the valne of the ontpuf was #623,252, In 1807 the
walne was $34!l 47 and in 1898 #237,780. While compavatively little
monumental granite is quarried in the State, there is an abandance of
good granite for building and road purpoeses, Tndications for 1500 are
uniformly good, judging from the moch greater activity in o number of
Tncalities in the latter part of 1808 and the early part of the present
Fear.

RHODE ISLAND.

Rhode Island has for many years held a very prominent position
among granite-producing States for the superiority of the granite for
the finest public monuments. The stone which has been most effective
in winning this reputation for the State is that quarried at Wﬁﬂterly
anil in that vicinity. Previous reports, particnlarly that for 18307, have
set forth the excellencies of this granite for monumental work,
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Thers was guite a decline in demand for some months after fhe
middle of April. 1595, but in December a marked change for the better
took place, giving much encouragement to ome of the leading pro-
dueers as to the probable outpat in 15949,

Ag a whole, the year 1805 fell beliind 1897, The valne of the outpnt
in the former year was 2620564, in the lutter 2330,249,

SOUTH CAROLINA.

Very much improved conditions as to demand are reported from a
number of the leading producers for the year 1593, Trices, however,
have not increased, and in some sections a falling off’ in this respect is
raported,

The value of the prodoet inerepsed from $37,8200 0 1587 to S160.015
in 1508,

BOTTH DAKOTA,

A decline in the outpot of a few of the leading producers cansed &
falling off in the total outpnt foom 265961 in 1897 to 17443 1n 1505

T AR,

But little was done in the way ol granite production during the year.
No very satisfactory indications as to the prospects for 1899 are at
hianid.

L AH.

Although there is no dearth of valuable granite in [Ttal, there has
never vet boen a large ontput in tha State,

VIERMONT.

The history of the gramite imdustry in Vermont for the past five
years lias been one of almost oninterrnpted progress, so that the records
of 1898 place Vermont in secomd position smong the granite-prodocing
States of the Union, Thig suecess has been due largely to the opera-
tions at Barre, where the stone quarried lias made a national reputation
as a monumental prodoet, . At this place all conditions seem to favar
the economical production of monumental stock upon the large scale,
Barre quareymen seem to have been well able to stand the depression
in prices for monnmental stone which has charneterized the past few
yvenrs all over the conntry.

It is reported that the formation of a granite trugt al Barre, which
wis extensively discussed in 1897, las been recently effected.  An eflort
will be made to prevent the sala of anything but worthy material, thus
proteciing the repatation off the stone,

The value of the prodnet in 1805 pesched the highest ligore yet
actained, naumely, $1,084215; the fioure for 1807 was &1,074,500,
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The total tor 1808 shows a falling off as compared with 1807, Cmite
a nnmber of the smaller operators have been inactive doring 18098; at
the same time indications for incressed ontput for the future seem to
be nnmsnally good. This is shown by the exceptionally large number
of new enterpriges which are now just maiting under way in a nnmber
of Btates, The tendency toward the nse of marble for outside build-
ing in Vermont, New York, Pennsylvania, and Tenneszee iz noticeably
greater than heretofore, and donbtless this tendency will show itself in
figures in the course of the next fow vears,

THE MARBLE INDUSTRY IN THE INDIVIDUAL STATES.
CALTIMORNIA,

The value of the marble output in 1898 was $40,200, while in 1807 it
wag #45,000. Thers are at present move firms irvegnlacly engaged in
gquareying marble in Californin than ever before, but, owing to lack
of sufficient capital in some cazes and obsatacles to transportation in
others, not a great deal is now being accomplished, although there is
material of high grade in seyeral Tocalities.

A new discovery of marble, said to resemble that from Tennesses, is
reported to have been made recently at (lie headwaters of the Gua-
lala River, 20 miles from the seacoast, to which there is said to be a
good road. The owners are Messra. H. Powaell and George Madison.

It iz also said that preliminary arrangements are being made to
idevelop this material,

GEORGTA.

The value of the product inereased from B595,076 in 1897 to S056,303
in 1585, This indicates that hosiness has quite markedly revived as
compared with the condition in the past few years. The product is
largely nsed for building purpeses and iz shipped over & wide avea of
the conntry; the stone is now a Guniliar one fo architects, contractors,
and boilders, and it is favorably received as a durable as well as hand
RO BLOTIE.

The number of firms operating is greater ot present than ever before;
gome of them have ouly lately began operations and liave not yet gotten
fully nnder way.

MARYLAND,
The output in 1897 was valued ot 130,000 that of 1898 at 120,525,
Almost all of the stone goes for building, for which parpose it has besn
uzed for many years in Baltimore and to s less extent in other cities.
The outlook for 1899 is brighter than for several years past.
MASSACHURETTS,

While the valne of the total output of marble in Massachusetts
declined from 879,721 in 1597 to #38,210 in 1808, nevertheless the ont-
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look for fnture activity is very bright since seven different firms have
recently commenced quarrying operations at Adams, Westfield, West
Stockbridge, Ashley Falls, Sheffield, and Lee.

Future developments will be awaited with interest.

NEW Y(HRK.

The valne of the total ontput was $354,631 in 1597 and #542,072 in
1808, Two-thirds of the product was need in 1808 for boilding purposes,
Prospects for 1899 seem to be much improved.

PENNEYLVANIA,

While the output of marble in this State has not greatly increased,
the prospects for the future are exceedingly good, dne largely to the
ereation of the Pennsylvania Marble and Granite Company, which has
bought out the Avondale Marble Company, and is continning the work
already started by the latter lrm of establishing at Avondale, Penn-
sylvanina, the most completely equipped marble quarry in the United
States. The equipment in the guoarry consists partly of steam ehan-
nelers of the Sallivan and Ingersoll makes, drills, gadders, a der-
rick of Oregon pine 105 feet G inches high, with a M0-4oot boom, and
capacity of 100 tons, operated in every movement by power, amd
a complete system of electrie lighting for ronning the channeling
machines at night. In the mill plant everything iz operated by elee-
trieal power. Toeluded in the plant are three of the so-called slide-
motion gangs of exceptionally heavy construction, and eapable of et
ting with srushed steel from 5§ inches per hour in the hardest granites
to 24 inchies in tlhe softer stones.  The tooth saw is used, and the plant
has also a planer, lathe, traveling erane spanning the whole finishing
department, automatic feed punps, rabbing bed, ete.

A new quarey bas been opened recently near Annville, Danphin
Connty, The product is uged both for building and cemetery work.

TENNESSEE.,

The valne of the output in 1807 was 2441954, There has been quite
a decling in 1898. This was doe to the temporary eessation of active
operations on the part of quite a number of the smaller concerns,
These, however, will doubtless resume production in 1809, s indica-
tions for improvement were reported as very evident by those who eon-
tinued in business throughout the year., Boilding operations are now
quite freely nndertaken with Tennessee marble as the outside stroctoral
material, Formerly intevior decoration was the purpose to which most
of the ontput was devoted. i

UTAH.
In September, 1898, the Hobble Creek Marble Company, with head-

quarters at Salt Lake City, Utah, was organized and incorporated to
develop marble propecty at Hobble Creek, in Utah Oounty. The
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property consists of 540 acres. The stone has already been deseribed
in the report for 1806,  Abuudaunt water power is at Land 2o that quarry
operations eould be economically condueted. The quarry land is abont
8 miles from the railway to Springville. The road to the railway is
down grade, 2o that hauling wonld not necessarily be an unsarmonnf-
able obstacle,

VERMONT.

The valne of the prodoct in 1807 was 22,050,320, while in 1898 it was
2,067,035, or very nearly the same. About one-half of the prodoct
goeg for cemetery work,  The amount devoted to banilding is inereasing
to some extent every year.

ONYX MARBLE.

The literature coneerning onyx marble is remarkably scant, and there-
fore the following extracts ure given from o paper by Prof. Conrfenay
Die Kalb, of the University of Missonri, Rolla, Missouri, published in
Btone in November, 1808;

A sharp distinetion must be drawn between the precious onyx, which is a cryplo-
orystalline varicty of quartz, and the ondinsry eommercial “onyx,” which is a
daposit of carbonate of lime from aqueons solution, The true or precions onyx s
iistinguished arbitrarily from the agates by the perfact pavallalism of the coler
bands, these bmwds consisting nannlly of alterations of white and Llack, white and
brows, and wihite amd red. It may be menfionsd in passing that such perfect band-
Ing ia a0 exceedingly rare that very few if any of the onyxes or cameos sold in oor
Jeweley slops ar from natorally coloved stones, the artifieial eoloring of agates
being o regulor industry in Germany,  The methed is gaid to conslst in satnrating
the move. poraes layers of the banded white or blnish slate-colored agate with honey,
andd then carbonizing this with sulpharic scid to prodnce the black and white varfety,
The rel amed white is prodoced by soaking in forrie chloride and precipitating with
AT O,

Charactoristion,—The term onyx marble, as applied to calvareons deposits, must Lo
still farther limitod, sinee many varicties exist. The general name of travertine
will inclode all soch deposits excapt the finely erystallized minerals ealeite and
areagonite. The odlites should also be excludel from this classifieation, althaugh
in thair manner of formation these more nearly approach the troe travertines,  The
familiar ealeitie formations in caves (stalactites, stalagmites, * cave onyxes') moy
quite properly be classed among the travertines.  That which entitles any of tlese
to be called an ouyx warblo is the secidental cironmetanes of texture and heanty,
fitting it to serve as an ornumental stonn in decoration. It is therefore o commeroial
and et nsclentifie distinetion.

The requisite qnalities for s commaereial onyx marble are: First, peeleot, or nearly
perfeat, homogenelty of texture; socomd, absenece of suberystalline strucinfe, so
that uo tendency to crystallization may be ofservable by the eye; thind, freedom
from porosity and crsclks (althongh slight porosity may be corrected by filling,”
ard erneks, if nofso deep anil extonsive as to wonlen the stone, may often bo highly
wolored and prodines an acceptable artistic effect) ; fourth, translneenoy, the essen-
tinl chameteristic of o high-grade onyx marhle, giving a deceptive appearues of
Fdeptle” tifth, benuty of coloring—a matter of taste and fmabion, for the most pare,
although the transineent white, delicate mignonette green, and fine translucent
white, with dushes or vemlets of pink, are almost always in demanid and Lring the
highest prices; sod sixtl, proper size of perfect Llocks, the lewest limit for thick-
neas brewng 1 inol, althoogh slabs three-fourthe of an el thiel are sometimns nsed,
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with o hacking!” of other material, while for a@n:‘ﬂ.ﬁj{ni Iu'\ﬂﬁ the ling Is drawn at
1 foot squore, althongh here again smaller sizes, if very fine In color and texture,
may be marketed.

The translucent white ouyx marbles ive very often confounded with aud sold under,

he name of alabaster, the tron alabaster being & translocent variety of gypsnm, and
far loss dorable; owing to its ,;n:l.he:r aoftnees, than uny: ‘marhle.  Again we tlnd in
COMMETce 4 stone callad * arate onyx, " which isa variety of onyx marhls containing
moTe or less foroign matter, t.l.hmﬂ;r aluming, nnd sometimes silien, appruuhing the

‘Bgates in appearance, but ga‘nm‘n]]g inelining, in part or in whole, towards opacity.
Whila baing highly nmmuntﬂ, puﬂnﬂl:ur]; i conneetion with dark wood interior

finisling, its applieation is more limited than ﬂllt of the linn‘rl tranelnoent varieties,

.P‘ﬂcc.—]!eﬂ:rm Ia.n.vusg tho commercial sids hcl’ﬂliu matter, 4 fow additional details
may prove of somo importance, The highest prices nre obtained Ly a combination
of desirable phj‘umalcﬁiimbﬁnmth large sizo of blocks orslabs, The poorer grades
hring sometimes a8 little a8 50 cemts por anhie foot; enyx marble, in the rongh ot
lesist, Leing invariably sold by this unit of size, whether in blocks of sawed Lito
skabis. From this minimnm prices tange upward to #5800 enbic foot; and extremely
fine blocks, suitable for columns, may command faney figures, lnnited only by the

gizo of the purchnser’s purse and the vending geniug of the dealer. It may be said,

however, that the average size of good slabe is only 12 by 1 iuches, and that slabs
12 by 95 inches and 2 by 4 foet in sire aro not nneommon.
Preparation.—The coat of sawing sud pelishing varies according as the polisling

is done by the machine or tho hand process, Thaln'wing diffors o no wise from thit
employed with other stoues, Themschioe process is as follows: After being sawed

the slabe are placed on s * rubbing bed,” which consists of a circular cast.ivon plate,
from 8 1o 15 foct in dinmeter, the elier forms itmrmg a cireular opening from 1 foot
014 inches in dinmeter in the center. Tho plate is planed to s smooth snrfnes and is
movmted upon ronning wear so that it moy rovolve in o horizontal plame. Figed

cwrmis, naually four in nomber, are snstained mdially about one-fourth of an inch

nhove the plite, sithor by an npright possing throngl the contral apening or by @
framework overhend (in the caso of the newer solid forms of bed), The slabs of
stamd to bo polished ave placod npon the bed in front of the arms, and the bed is

~revelved slowly beneath them in suih o direction as t hold them firmly against the

avms,  An abrading material, snoh s sand, sometimes mized with ©chilled alot”
ar crushed steel, with s constant supply of water, is fod npon the plate.  IF necess

“sary, the stones ane weighted 1o increass the friction.  From this tabbing hed the

“alabis mre removed to the cmery bed, which is similar to the former, fine. emety Lefug

used for abeasion, They are the r-ubbml down Dy hanil with o fine, evenly grained

gandstane, commonly called o “Seateh hone,” with mﬂi:tml.: uupp-‘ly of water, and

smoothed off with pumice stone and water. The final polish is pton by rubbing
the slabs npon u bufling bed, similar in form to tho nblxii:g bed, Lot coversd with

“a thick, speeially prepared felt, upon which o small gmount of *putty powder”

{ostide of ting & fed, to givea high gloss, 'hohand process consists i grinding on
the rulibing bed as before, and then rubbing down by hand snccessively with Nova

i Bm'ﬂa “hlue stone," Cred stone,” *Beoteh hone,” and pumice stone, after which bt

i gloased with putty powder, or; in the cise ufahnlpur fronyEes” and common mar.
Dtes, with o mixture of two parts of oxalie aeid and one port of tin oxide.  This lat-
ter finish produces a sort of- ‘akin-cost,” which; npon fracture, lonks na if the ma
Tl licen varniahed. The edpes uhprxmrhle tablotops, mantels, ete., are tranted
intl!.ik-maunﬂr, aven wlhen lha,mﬂ‘mb T pn!auhu& on mimhmu* Tlie: 1 n-l'

GO emery with white ntnn“ i abijectionable, uﬁng to it mdunuy 1o diseolor

Hlaam.
Dmrrm—'rhﬁ Pﬂ.nuipu‘l. ln-mli'lim in ;hunounh-;r whmmpmhm deposits exiat

“mre Callfornia, Arisonn, and Utal,  In Califorsia the prineipal loeality is in San

L Olilapa County, nene Musick, in the Sante anl.ﬂnuntl.lna, Hern the inelos.

- ing rook is samdatone, the onyx mm-hlu oeenrring i nearly vertical ledges 16 inches

wide, Tl colors ave white, with veing anid “elonds ™ of red snd smoky black or
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Bloe. Blocks 10 feet sgoare are said to be avallable, . In Bolano Connty deposits
oeenr near Suisun, Vacaville, amd elsewlers,  In San Bernardino Connty ocours a
Light:brown variety, and an amerald-green shade is reported from Siskiyoun Connty,
Al with oiliors from Soda Springs and Yeeka, A loedga 12 feet thick is found 25
mules from Banta Ana, in Los Angeles County, aud more ot less is known to exist in
IKern, Placer, and Tehomo countivs,  Almoat witheut exeaption, in Californin, i eloss
connection can bo traced betwean the onyx marhle deposits awd bot springs, or otlier
minderil deposits knewn to luve resalted fromsnch waters. In Siskivon County they
geene along with hot springs which are depositing both ouyx moarble and povons
trievertinge. Eruptive rocks slse abonnd in their vicinity. At the Suison marhle
quarriea is & hrocein of shale, sandstone, and volesmic ssh, cemenbed by Hme, and
traversed by weins and bunches of aragonite (1],

In Arizona guite similar conditions olitain,  Fhe cliof deposit is on Big Bog
Creck, in Yavapai County, 25 wiles sootheast of Proseott, 1t is o soefies formation,
oeenpying o sorics of ronnded knollaseveral hundved acres in extent, and is found in
layers varying from o fraction of an ineli to several inehes in thickness, interbeddod
with a conres brecein of sehistoas, gronitic, syenitie, mnl dioritic fragments, sementad
together by o sandy caleareons matriz,  The conniry rock is also schistose, granitic,
anil dioritie. The anyx marlile deposits themsslves congist of jrregniar concentric
layers, thinning ont nnevenly, will eompaot lnyers, frequently soparated by porons
ones, The solors vary, Seme of the Anest reseds green onyx marble in the world
comes Trom tlhess quarries, Their beanty is snbanced often by a peenliar wary cfect
of alternating light and dark shades of green, but snch colors are rarely unlform
thronglont large Blocks.  Amber, ocher yellow, and white mnsses are fonnd; bhut
the ¢haracteristic of these Avizonn specimens, which is sure to appesr in o slab of
any eonsiderablo size, is o brilliant ocherons red, ranning intoe o perfectly opague
clhgcolate brown, constitating the variety known as agate onyx.  The more highly
golored epacimens often yield a8 moal as b per cont of forric earhonate.  This changes
to the hydrated sesquiogide, producing the brown shades nal destroying the comphct
strnctors of fha stone,

At Cave Creek, Arizonia, is another deposit of like gharseter, as to formation and
golors: . Ome ledgs fs 10 feet thick, ot has been shottared by earth movements.
This is on the slope of a low hill, capped with basalt. The country rock consists of
schists, with dikesof aclid eruptives, Thronghont this reglon are large arcas of luvs
mesn, underlnin by voleanic tufa, These yield the ealeareous waters, which alse
contain more or lesa sodlom solphate, It is alse worthy of note that in the Enroka

mining district of Arizona there are other deposits of traverting belew similar s
" of tufa and lava,

Ttah iy hesoming a producer of onyx marhle, with prospects of incrensing lo
importance, obtaining the stone from quarcies to the west of Utah Liske,  Directly
above and in eontact with the onyx marble is o blue Hmestone., The deposit rests
upon olay, snnd, and limestone. Thers are many evidences of earth movements,
ani the range in which the deposit occurs abonmds in metalliforons veina, - Blx miles
distant there i a hot spring issuing npon the sarfice ot s temperaturs of 1059 F.
The predominating color of this onyx warble is orange, bot green, piok, lemon, snd
other shadas ave procared  Slabs messuring 10 foat § inehes by § fect 8 inches hive
been taken from thess quarries and finished up.  Sizes from 12 by 18 inches to 12 by,
26 inches can e ebtnined in considersble quantitics. Deposita ave also rapored
feomn the wicinity of Pillmors, Millard Connty, rsoging iu eolor through lenion,
arange, malogany, sad black, The onye marble oeours moeatly associated with
limestones and qnartzites, along a Lelt of wann springs, ronodng through Millerd,
Peaver, and Iren countics. These springs ogeupy mainly a line of contaet with
eruptive rocks.

A fbrons, eoneretionary varlety of onyx marblo oveurs near Bio Poerco, in Yalen-
vig County, New Mexico, anid a similar deposit is reported from El Poaso, Texas,
This description would seem to plice them smmong the © eava onyEes,” conesrning
which muel jz heard innearly all of the groat. limestone-bearing States in the Tnton.
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These are merely staluctites and stalagmites, and in some cnses masses of compact
travertine, forming inerostations npon the walls and floors of eaves. Ono of these
deposits s at Eureka Springs, Arkansas, sitnated in ihe northesst part of Carroll
Connty, near the Missourl line. A company operating works in Eureka Springs
prouces mostly small slabs, althongh mantel faoings 12 by 21 inches in size are also
worked out. The colors aro chiefly white, with occasional tinges of red and pale
grean, Tarely tranalucent, and often displaying the radiated fibrovs stroctore so
comman in stalaetites nnd stalogmites.  Missouri bas also produced small amounts
from coves in Crawfond and Polaski conntles.  Bonml blocks of large size; howeyer,
are infraquent, and offorts to work these deposits have proved unsuccesaful. The
colors are white and brown, varying from opagne to subirenslucent,  Virginia has
alao yielded o small pmount of this variety of ooyx marble, coming from guarries
in Reckingham County, This Ineality, from the insnfliciont scconnts obtainable,
warnlid nppear to offur peculinrities worthy of farther investigntion. Thereis reparted
to Lo one eonsiderable mass of compact travertine, covered with débris, in which
ogenr a large number of detached masses of the same mate:inl, one of which s of
importunt dimensions, standing nearly vertieal.  Whether or not this is the result
of a eollapsed cave Temaing undetermined, In Missouri some of the larsest mosees
of cave onyx are fonnd thesin the débris of ancicnt caves which have fallen fn,
Some of these caves had been of enormons oxtent, so that deep ravines and very
eonsiderablo valleys ocenpy the lines of the ruinel enverns,  Stalsgmitic bosses may
b foundd high up on the hillsides along thess ravines, and the * fleat” ahounds in
weathersd fragments of stalactites, atalagmites, and enlearcons inceostations. In
tho process of weathering, the Landed strocture of the incrustations becomes very
prominent, the mora opaque layers projecting boldly, while the elearer layers are
worn away, and acqnive o chalky appearancs: in the body of the mass, The Arizona .
onyx marble weathers similarly, forming a finely strinted snrface, with the opague
red and brown layers protrading.

Hy far the most important soureo of onyx marble in the world to-dny is the
Republic of Mexico. The old localitics nre ehiclly in the State of Puebla, between
Vera Cruz and the ety of Mexico. Tho famoens ©Pedrara® eame from qanrries
near Tecall, 21 miles from the city of Pnobla, Large blocks are no longer svailalle
there; Lut the manufacture of small ornaments by the natives is still an important
Mnatrylu]‘uabla Farther to the southeast, in the district of Telusean, is the
quarty lnown as Antizua Salines, where the prineipal deposits form the face of o
hill 250 feet high. Thirty-five milas west of Antigon Salines are the exesllent
quarrics of Lo Sorprean snd Lo Mesn, the ﬁnmur_;rinl_lling & semitranslocent to
whitish stone, lacking, howover, the b:illﬁnny which distingnishes the product from
Antigus Salines. These deposits are either superficial or included betwosn massos
of silicesus eountry rock, in the manner of veing. The old Tesuli deposits are
largely broken up, ocenrring in the form of Lowlders in o matrlx of red elay, over-
Iying m:ln[;lnnﬂuta The region bias been much disturbed by volennio agieneios, and
hot springs aro nhund-ul.

The largest onyx quarcies In the world to-day are those opened in 1592 by the
New Pedrara Onyx Company, of New York, in the peninsulas of Lower California.
They are situated in a desert 40 miles from the Pacilic Ocean and 2,500 feot above its
lovel. There are two series of deposits, 3 or 4 miles apart, the larger ene showing
outerops over 2 acres. They have bean formed in a shallow arroyo, or ravine,
between flat-topped ridges of horizontal Cretaceous strata, overlain o fow miles
distaut by basaltic lavas., A writer in the Eogineering aud Mining Journal saye:
“Within the arroyo, aml immedistely under nnd between tho ln.yuu of onyx, are
goft limeatones and conglomerates with lime cement, probully belonging to a series
of Tertiary or recent beds deposited in an irregular lake ﬂn‘ﬁ onoe filled a great
!:nhﬂnrmbarwmhmupimthnmm tion of the peninsala, parallel with its

S i

1 Enginnaring and Mining Journal, Vol LVI, j:._l_‘l_.. Tuly §, 1883,
20 groL, PT 6 cCONT—19
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Baneath these Tertinry deposits lio granites and goeis. Tho onyx marble wis
evidently doposited from the waters of werm springs, which extended in o line ap
and down the srveye. Three distinct saperimposed layers were formed, varying
from 20 to 50 inches in thickness, showing that the springs were intermittent, the
Iaywrs boing soparated by doposits of gravel comoented by lime. .

Onyx morble is nlso roported from the State of Osxees, Mexico, but little is
known soncerning it.

Other foreign soarces are Egypt and Algiers. The Egyptinn guarries are st Ben-
ieonef, abont 62 miles sonth of Caire, on the Nile, and nt Syont, 166 miles farther
gonth, The stone ranges in eslor from white te smber-yellow, that from Byont
beoing palor, inclining to gray. Tho prodoct of both localitics is known commer-
cially as alabaster, and is of a very different guality from the Mexican variefies.
It ie said to be of stalagmitic origin,

The Algerian stone from the guarries of Ain-Tembaleck, near the river Isanr, is
fonnd in irregnlor beds from o fow inches to nearly 10 foet in thickness. The fre-
quent appearance of o fibrons stroctore is significant.

Inferior stalagmitic marbles are quarried in many pleces in Italy, in the Jors
Mountains in Franee, and in the vicinity of Stuttgart, in Gormany. The caves of
Giibraltar also furnish smnll mosses of & banded brownish stalagmite, which is eut
into ornaments for the tonrise trode.

From the foregoing snmmary it appesrs that the deposite furnishing the suparior
onyx mirhle of commeres ars fonnid in ragions whicl have been subjeoted to voloamie
disturbanca; that they are suporficial depogits or vein-like inclosnres, not connected
in any manoer with esves; that they are so frequently asscciated with active hot
springs, or with other deposits manifestly resulting from hot springs, as to lead toa
clear presumption that there most be a genctic relation between them and snch
eprings; and, fiually, that they ogonr sesociated with limestone rocks, or with rocks
yielding lorge peroentiges of lime, suel as diovite (nsnally 7 to 8 por cent of Cal),
gyenito {nhont 4 poE ot of Call ), voleanio tnfa (4 to 6 por cont of Cat), and dolerite
(often as high as 10 o 11 per cant in Ca0). It is also to ba noted that the eave onyxes
arn nenally either transparent or opagne, and do not exhibit that exgoisite translao-
veney vecognized ss the chief charm of the high-grade onys marbles which have
resnlted from hot-spring deposition.  The cave onyxes are, moreover, mannlly fibroos
i struature, and are mode up of coneretionary layers, wlhich can be soaled off 1iko
the skin of an onion, These Intter peenlinrities, however, are bess lilely to ooor in
tho fiat floor depositsof caves, while the concretionary structare 18 1he more comnion
attribute of stalagmites and the fibrons strnctore of stalpotites,  The fibrons stroe-
tire miy osenr, however, in any situation, iud is always parpendioulir to the serfuos
of deposition; and where this surface s meved, s in 8 stalaotbie or stalagmite, the
fiber-like crystals extend from the center madially to the extecior, the nxes passing
without interroption throngh snccessive coneentrio layers, whioh may be so loosely
sddligrent us to be split off with a light blow of the hammer,

In their other physienl charneters no differsnee seems o exist hebwoen onyve oy xos
ond hot-apring onyx marbles. They are all ealoites, as appears from heir optieol
properties and their specifie gravities, althongh many weiters class thom as varietics
of arngonite. The distinetion, however, s clear, botl optically and by density,
none of the enve onyxes or true omyx marbles rising os high as 2.8, which is the low-
eat limit for the demsity of aragonite. The lurge number of spacimens from caves
onid hot-spring depoaits inall parts of the United States and Moxioo which the writer
has examined show specilio geavities conging from 2081 to 2901, In composition
they are exceadingly varialile, The cave onyxes usanliy contain the smallest propaor-
tion of impurities, although the floor deposit= are offed rich in farrie oxiile and
aluming, Those feom Vieginia show as much s 2 per cont of magnesis, with small
amonnts of manganese; and one romarkable sample yielded nearly 2 per cent of lead
salphide and 4,62 per cont of antimony sulphide. A sample of green Arizonn onyx
mirhle gave #LEL per cent of lime earbonato, and mere tenees of oo sod alomine,
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om it with the chisel: this i3 the rongh poliah. After this itis polished finely with
artificial pumice stone and finally finished with extremely light patoral pomice
stone. The polished surfuse now presenta a velvetllke, soft appearance. It is
allowed to dry, and the surface heated thoroughly, wherenpon the finely polished
surfice is impregnated with n bheated mixture of oil and fine Inmphlack, Thisis
allowed to remain for twelve hours,  According to whether the slats nsed is more
or less pray, the process j4 repeated ontil (8 loses its gray appenranee,  Now il is
polished thoronghly with emery, whioh is taken on a linen rag, nnd finally finished
with tin aslies, to which is added some lamphlack, After the polishing is finished,
wax dissolved in tarpentioe, to which sowe lompblack is alse pdided, is spread on,
and the polished plate warmed agnio, It is allowed fo remain some time and then
rnbbed off vigeronsly with a clean linen rag. The slate thos treated now hesa
deap blask appearance and looks like block marble.  The polish is jost as dorabile
as the Intter, The polished surfaces can be etehed, engraved, gilded, and silveced,
juet as pennine markle

SLATE.
CONDITION OF TRADE.

The general conditions of the slate industry for the entire conuntry
ara hatter on the whole than they were in 1807, The total number of
squares of roofing slate prodoced is less by 39,032 than in 1807, but the
value per square has increased from 23,09 to 283,40, This increase in
price per square has not been uniform.  In some places there has been
& dedline, nndonbtedly due to some extent to unfortnnate buosiness
mathods in competition.

The uses for slate are extending, and the number of importaut arti-
eles af daily use now made from this stone is sarprisingly lavge; the
value of milled stock, which inclodes all forms of linished slate except
roofing slate, increased in valne from 8427,162 in 1897, fo $382,150 in
1808,

In the report for 1897 it was predicted that foreign trade, acquired
originally as the result of labor troubles in Wales, would be retained
a8 o permanent acguisition after tranguillity had been restored. This
has so far been the case, and it still looks as thongh exports wounld
continne to form an important part of the total trade.

EXPORTS,

The following table shows the ports amd enstoms districts from
which and to which slate was exported since 1803, It is evident from
the table that a great and sudden inerease took place in 180G, The
exports for 1800 amounted to #266.335, while those for 1895 amounted
to 838,806, In 1807 the valoe of the exports was more than twice that
for 1806, and in 1898 the valae rose to 1,370,075, or more than five
times the value in 1806, The aequisition of this export trade is an
item of special interest in connection with stone, as it is the first sig-
nificant attempt in this direction:
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Emrhq,fai'mﬁm Tinited States, showing ports and ummdl'.ﬂﬂdlﬁomwh{eiundto
nkich sent, from 1837 to 1893,

Parts ind customs districts. | 1890, | &M, | 1895, | mese. | e | 1se.

JDOIFTHTE BLATIE,
Baltimare, Maryland. ... .. A

Eratia e mun@.m
Corpun Christ], Texas .
Henﬁudmng.l.nu:[uhn -
Pamo el Norte, Texns .. ...
Pugot, Soumil, Waahington . L s e
Bulfalo Creels, New Tork......

Chitmuplain, New York ..

Dombulon of Canadar
Wews Beotin, New DBrubs.
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MAINE.

Prodoction in 15898 amounted to o total waluation of #109,257, or
practieally the same as in 1897, The produoct is abont equally divided
between roofing and milled stock,

The fine quality of Maine slate is well known, and there are at pres-
ent twice as many producers of it as there were a few years ago.

MARYLANI,

The Maryland slate quarries are near the State line dividing this
State from Pennzylvanin, and they inclnde most of what is known as
the Peach Bottom slate region of York County, Pennsylvania, and
Harford County, Maryland, Nearly all the prodoct goes for roofing,
and amounted in valoe in 1898, to $33,240, The figure for 1897 was
5,10,

MASSACHURETTS,

This Btate does not regnlarly produoee slate, but, as in the year 1808,
oecasionally yields a trifling amount., At the present time (Mareh, 1899
there is no quarrying coneern in active operation.

KEW JEREEY.

The Pennsylvanin slate balt extends just over the line into New Jer-
soy. This fact accounts for o small annual produetion in this State.

NEW YORK.

New York State furnishes the only cherry red slate quarried in the
worlid, The amount of this exceptional material in New York is not
large, and owing to its attractive and unigue celor it commands the
highest prica for roofing purposes of any slate in the country. The
value of the ontpot in 1895 was 848,604, Bince Angnst, 1398, prices
declined somewhat,

PENNSYLVANIA,

Two-thirds of the slate ontput of the United States is taken {rom
quarries in Pennsylvania. The total valne of all slate produced in the
Tnited States in 1898 was 23,723,540 ; to this total Pennsylvania con-
tributed 82,401,756, Most of the product goes for roofing, but the
valne of milled stock is now rapidly inereasing. The figure for value
of milled stock in 18087 was $330,341; in 1398 it was 2304,021, The
industry is in a flonrishing condition at present, owing in no small
degree to the export trade, which began in 1800 and has continned
ginee becanse of the inereasing popularity of American slate abroad.
Not only has foreign trade been retained, but the very general opinion
expressed by producers is that exports have exceeded former years.
Domestic trade bas been but little better, althongh prices have im-
proved on the whole,
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VERMONT.

The total valne of the produoct in 1897 was $605,5815; in the past year
this increased to $732,684. As was also the case among Pennsylvania
producers, domestic trade was but little better, while exports were
noticeably greater than in 1897, Prices declined somewhat doring the
year; for the past fonr years complaints about priees have been
pravalent. y

VIEGINIA.

The valne of the ontput inereased from $145370 in 1897 to 8150,0446G
in 1898, Most of the prodoct is in the form of roofing slate, althongh
o little milled stock is alse turned out. Virginia slate is exported in
abont the same proportion as the prodoct from Pennsylvania and
Vermont.

SLATE BELT OF EASTERN NEW YORE AND WESTERN VEEMONT,

The following is an abstract of o paper entitled The Slate Belt of
Eastern New York and Western Vermont, by Prof. T. Nelzon Dale, pab-
lished in the Nineteenth Annual Reportof the United States Geolog-
feal Survey, Part 111, The paper is & most valoable contribotion to the
literature of slate from both the scientific and the technological stand-
point, and those interested, either specially in the slate of the region
digenszed orin slate in general, are referred to the complete paper.

In order that guarrymen gencreally, as well as slate producers, may
profit by the economic features of this paper, thcy.mﬁ presented here.

LOCATION AND AREA OF THE SLATE BELT.

The slate belt of eastern New York and western Vermont lies betwoeen
the Taconic range on the sast and Lake Champlain and the Hudson on
the west, and chiefly between the Hoosie River, cne of the eastern
tributaries of the Hodson, on the south, and the towns of Banson and
Hubbardton, in Vermont, on the north, or between latitudes 42° 58’ and
43 43, a streteh of aboub 55 miles; but slate is said to continoe as far
north as Cornwall, making an estreme length of 68 miles, As, how.
aver, good slate is hardly obtainable sonth of Shoshan and Greenwich,
in Washington County, the actnal length of the slate belt is abont 45
miles. Its width at the north is aboat 11 miles and at the sonth about
6 miles, averaging o little over 7 miles. The area in which slate of not
a little economic value is known covers, therefore, about 320 square
miles, which lie within the connties of Washington, New York, and
Eutland, Vermont.

The slates are green of varions shades, purple, variegated (that is,
mixed green and parple), red, and also black. They are nsed for roof
ing and other purposes.
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PREVIOUS WORK OF GEOLOGISTS.

Withont undertaking to ennmerate all the minor papers relating to
portions of this vegion, attention is directed to the following more
important and general pieces of work : That of Prof. Ebenezer Emmons
and that of Prof, William W. Mather on the seclogical snrvey of New
York State, published in 1543; that of Messrs, Hitchicock and Hager
in their report on the geology of Vermont, published in 1561, which
also included a geological map; Logan and Hall’s general map of Can-
ada and the northeastern part of the United States, dated 1866, which
embodied the resnlts both of the New York State survey anid of the
explorations of the Onnadian survey within the United States; Profl
. H. Hitcheoek’s geological map of New Hampshire and Vermont,
1877, in whiech all prévions work in Vermont was correlated; the same
anthor's sections across New Hampshire and Vermont, published in
1584; and finally My, O, D, Waleott's map of the Taconie region, pub-
lished in 1885, Mr. MeGee’s map of New York State, compiled nnder
the direction of Mr. James Hall in 1884, =imply ineorporated M.
Walcott’s work anid left soimne donbtinl areas blank.

While the presence of the Lower Silurian rocks was early recognized,
Cambrisn rocks were at fivst confounded with them. Tt was not until
long after the discovery of an older series that it was placed in its pres-
ent stratigraphical position in the Lower Cambrian. The work of the
early surveys had the merit of covering o large territory in a general
way at Httle expense. Nothing approuching seientifie satisfactoriness
waa done, however, till the publication of My, Waleott's paleontological
map in 1888, in which Cambrian and Silurian fossil localities were indi-
eated, so that the gealogical boundaries of previous surveys could be
corrected thereby; Dut even this still lacked an adequate topograph-
ical base, In 1893 Kemp and Marsters described the dikes of the Lake
Uliamplain region, and ineluded two of those of the slate belt.! As to
economic geolagy, little has been done hitherto beyond the poblieation
of several incomplete analyses of the slates and a few brief references
to the slate quarries.  These are mostly in the Vermont Survey Report,
But the statisties of slate production have been for a number of years
systematically collected and pablished by the Division of Mineval
Hesonrees of the United States Geological Survey.

E T trup dikes of the Take Champlaln reglon, by J P Kemp aod V., P Anmsters i Boll 7. 8 G,
Burvey, oo 107,
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MICROSCOPIC ANALYSIR.

The so-called “ sea-green ™ slate, when freshly quarried, varies from
a light gray to o slightly greenish gray.  In some beds it is crossed by
ribbons (beds) of a dark gray. The fresh cleavage sorface has o more
or less waxy luster. After a fow years of exposnre to the atmosphera
the color assumes more or less of a yellowish brown tinge, Cold dilute
bhydrochlorie acid applied to the edge prodoces a slight effervescence.
Bections transverse to the cleavage show, in ordinary light; a very
tine and regular cleavage, sometimes crossed by obseure traces of bed-
ding, angular transparent grains, green (dichroic) scales, minute opague
spherules covered with erystal points, and from 0,003 to 0,02 mm, in
dinmeter, which, under incident light, glisten like pyrite; some irregular
opaque grains, doll yellowish under ineident light, and of donbtfl
character, and, finally, a few lenses of transparent mineral grains. In
some transverse sections a few *“ slate needles ™ (ratile, Ti0h) are visible.
The most noticeable feature of transverse sections nnder polarized
light is that in rotation they become, so far as the matrix is concerned,
alternately dark and lizht, bebaving like o single mineral, The slate
consists mainly of brilliant interlacing, but more or less parallel fiber-
like scales of mica {moscovite-saricite), which prodoce the effect of a
miass of gold embroidery, These fiber like seales of mica surronnd and
inclose more or less angular graing of guartz, with their longer axes
parallel to the cleavage. Such grains measure from 0,052 to 0.347 mm.
in length by 0.,0043 to 0,035 mum, in width, Their usnal dimenzions are
0,035 by 0.013 mm. Perhaps less abundant than the gquartz, althongh
this proportion varies greatly, are carbonate rhombs and plates.
Scales of a chlorite like that already veferred to in the Olive grit
(Horizon A) ocenr interleaved with munscovite or tale.  The secales under
polarvized light vary from a prossian or plam blue to a violet or olive,
while the delicate bands polarize in brilliant hnes. The entire scales
measnre up to (L130 mm. In sections made at right angles to the
grain and transverse to the cleavage these scales freqnently lie at a
very high angle or a right angle to the cleavage. The mineral called
¥ elilovite ™ in these deseriptive notes has the following characteristics:
Under incident light the scales are dark and stand ont distinetly from
the matrix, as do also any large scales of muscovite. In ordinary
light the seales are dichroic (pale green and slightly greenizh yellow),
and frequently bave delicate white bands parallel to their cleavage.
. Under polarized light such seales become bright lavender (violet) or a
prussian bloe or an olive, and extingnish parallel to the cleavage,
while the white bands polarize in the brilliant colors charvacteristic of
tale and muscovite. These scales ocenr both in the slate and the
Olive grits. Other green dichroie scales, however, ent parallel to their
cleavage are under polarized light almost isotropic.  Still other pale-
green scales, not perceptibly dichroic, remain dark or banded with



BTONE. 805

prussian hlue throngheut one revolution, A coating of an undoubted
‘ohlorite from a slickensided surface in purple slate in Castleton, when
-seraped off and examined nnder the microscope, showed the dichroism
distinetly, and under polarized light remained green in o complete
revolution, It gelatinized in boiling sulphorie acid. Attempts to Jdis-
solve the “ehlorite ¥ seales of the thin seetions of slates in hot sulphuric
acid were not snceessful, possibly owing to wrong manipulation, The
double vefraction of the bands of muscovite was, however, more con-
spicnons after than hefore the application of the acid. The usual
‘appearance of the minaml in the slate sections is the first -:lam-{had
above, Tlie sections are transverse to the folintion of the mineral, and
the differences in colors may then be due to differences in the tl_um];neas
-of the sections or to a slight obliquity of the scale within the slate.
There are also museovite scales, often bent, possibly fragmental like
the quartz, oceasional fragments of feldspar (lime-soda ﬂaldapu.r) up
to 0.043 by 0.052 mm. amd, more varely, small fragments of zircon.
Apatite was not detected, althongh, ,]udg,mg from the analyses, it may
ocenr. The lenses of transparent graing prove under polarized light to
eonsist of eryptocrystalline quartz,
Sections parallel to the cleavage in ordinary light show a pale brown-
dsh indefinite gronndmass with irregular transpacent fragments and
rhiombs. Soeme of the rhombs have a eolorless, some a black, nuclens,
which does not geem to be pyrite. Pyrite oceurs as before. Under
“higher powers vast numbers of needle-like erystals, “slate needles”
(rutile), appear. These needles measure from 0,0017 to .009 mm. in
length, rarely attaining 0.012, and 0,0024 mm. in diameter. They aver-
‘age from about 1,000 to 1,850 per square millimeter of the sections, which
amounts to from about 25,000 fo about 47,000 to the square ineh.
These seetions, nuder polarized light, do not polarize as one mineral,
but bring out on a dark groondmass! the quarts fragments, plagioclase
Aragments, and the carbonate plates and rhombs.  These rhombs meas-
ure from 0,003 to 0,015 and even to (.052 mm. in dinmeter, They some-
times consist of two erystals, an inner rhomb and an onter one, but
h:mng a different orientation, possibly in twinned position. In some
cases the central rhomb has fallen out, leaving a black center under
‘crossed picols. Here and there a muscovite scale appears and under
high power the orange-yellow rutile needles. The conspicuons features
in parallel sections under polarized light are the brilliantly double
refracting carbonate rhombs and the quartz grains,

THE DIRCOLORATION OF THE SHA-GREEN SLATHH.

As s well known, the sea-green slates pass, on a few years' exposnre;
from a greenish gray to a brownish gray. In exceptionally bad beds
the ehange is from a pale bluish {ehloritie) green to a dark yellowish

1 Baty Buraponn writer tusls on the presenon of an sobropi miferal in roofing slitos,
20 arow, PT 6 coy1—20
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brown, producing s marked contrast when fresh and weathered pieces
ave placed side by side. In those slates in which diseoloration is pro-
nouneed the fresh slate surface effervesces somewhat rapidly with cold
dilute ydrochloric acid, as they all do slightly on the edges.  In order
to ascéertain the cause of the dizeoloration a thin gection was made
across the discolored surface of a slate which had been exposed for
three years, The seetion showed that while the rhombs of earbonate
within the body of the slate were transparent in ordinary light, those
ab the edges were changed to the color of burnt sienuna, i, o, to the
characteristic limonitic staining, These particular rhombs measured
0,047 mm. in diameter. 1r. Hillebrand suceeeded in showing this still
better. A cleavage surface, discolorved by a three.years’ exposure, was
affized to the glass slide and the other side was ground down the
requisite amonnt. This section showed a multitude of rhombs—~from
0,00k £o 0,030 mm., but generally from 0,005 to 00123 mm, in diameter—
entirely or partially altered to limonite. In some cases there was a
yellowish-brown zone of alteration surrounding an nnaltered nuclens.
By applying dilnte hydrochlorie acid to a section {parallel to cleavago)
of the nndiscolored slate placed under polavized light the brilliant
rhomba are digsolved more or less rapidly and the dark matrix with a
few mica scales alone remains,  Dr. Hillebrand regards the rhombs as
an ispmorphons mixture of dolomite and siderite, i. e., & carbonate of
lime, magnesia, and iron, in which the iron oxidizes into limonite, s
chief reason for supposing them to be a dolomite rather than ealoite is
their belhavior toward cold acids, which, together with other reasons,
are detailed in his remarks appended to this paper.  Caleite, however,
is abnndant both in the veins and in the beds of gquartzite in the slate.
Bischof attributed the discoloration of certain German slates to the
formation of limonite from a protoxide, and endeavored to restore their
original eolor by immersing them in dilote hydrochloric acid, but ha
found that althongh this proved effective, new discoloration took place
within a short time,’

HHARD" AND “20FT" BEA-GIEEN SLATES,

The microscopic and chemical tests to determine the cause of this
difference were inconelusive. It seems probable, however, that the
“aoft” slates are due to a greater percentage of carbonate and the
“hard” ones to the large size of the quartz grains rather than to the
greater percentage of silica.

1 Labrbiok dor chimmisobon unid phyaicalisohen Goologie, Vol IT, P B560-051, featmols, The saly
way te prevent il diseclorutlon woull e to coad the slatos wilh sometldng wikel wonbil proteet
e from coacddntion.



sl Survey by




S08 MINERAL HESOURCES,

MIOROSCODTTI ANALYEIE.

The “unfading green” slate is a pale greenish gray with less lnster
on the cleavage sarface than the sea green. Beveral years' exposure
produces little or no change in color.! Cold dilute hydrochlorie acid
does not prodnee any effervescence when applied to the hand speci-
men. Sestions across the eleavage in ordinary light show consideralle
inequality in texture, coarser and finer bands allernating with ove
another, the coarser with imperfeet eleavage, Even where the cleav-
age is more regular thers is still wuch irregularity in the size of the
particles. Theiw are not o few graing and lenses of pyrite, some irreg-
ular opagque grains, doll vellowish in incident light and of dounbtful
character, green dichroic seales up to 0,059 by 0.006 mm,, which, in
sections transverse to “the grain,” lie edgpewize across the cleavage,
and finally, slate needles (rutile) from 0.003 to 0.0058 mm. in length, and
some granular lenses,

Similar sections nnder polarized light show a matrix of fibrous mus.
eovite (sericite), polarizing as one mineral and inclosing angular quarts
grains from 0,013 to 0.043 by 00004 to 0017 mm., ravely 0,07 by 0.017
mm., with inclusions; also rarely grains of plagioclase. There is8 much
less earbonate than in the “ sea-green ™ slate, ome brilliant =cales of
museovite.,  In sections transverse to the grain many of the more minnta
goales of museovite lie at right angles to the cleavage., Finally, some
lemses of cryptocrystalline qunarts.

Bections parallel to the eleavage, under ordinary lght, show the
usnal brownish matrix and abandanes of slate needles measaring from
D003 to DU By 0.0003 to 0.0006 mm., some specks of pyrite 0.0043 by
0,022 mm., and large pyrite octahedra surronnded by a rim of chlorite
geales, rarely a transparent seale (muscovite),

Under polarized light the parallel sections show the same carbonate
rhomba, but in very much smaller nomber than in the fading ‘*=ea-
green ™ slates, size (0,026 to 0,065 mm,, quartz grains 0,008 to 0UHS mm.,
and museovite straps from 0,015 to 0.060 mm. in length.

The reason these slates are “unfading ™ is manifestly becanse they
have fewer rhombs of carbonate of iron and lime and magnesin,  The
sections also show why they cleave less perfectly than the “gea-green™
slates.

BLATE-PENCIL BLATE.

In the nnfading green slate portion of the belt, about 14 miles north
of Bomosgeen and o little east of the lake, iz an abandoned guarry whers
certain greenish glates were obtained and made into slate pencilz. In
Europe slate pencils have long been made by ufilizing o secondary
cleavage, which breaks the rock up into squarish sticks which are
ensily rounded. Here, however, the method was to take tile-shaped
blocks of slate and earve ont, firat on one gide, then on the other, by
means of set manges, o whole series of hemicylindrieal pencils which
readily broke apart into ronndish pencils. A microscopic section of
this rock shows essentially the same composition as the unfading green

Vo ropiiring roofs covored with this alato the fresls slabs mukes a slighl conlrast with the old.
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slates, excepting that sections parallel to the cleavage show no carbon-
ate whatever, but a greater abundance and larger scales of muscovite
(probably elastie}, some limonite (%) speclcs, and a cleavage: perhaps not
quite 8o good as that of the Enreka qnan'laa. The usnal quartz, seri-
nlhs, chlorite, rutile needles, and lenses are present.
THE PURPLE AND VARIEGATED ROOFING SLATES.
RGN, KVAT

The following malyam were made by Dr. W, F. Hillebrand in the
Jaboratory of thu United States Geological Survey:

Analyees gfpufpk md mrupnu:d mﬁn_g .riu.ur
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MIOROHOOPIC ANALYRIH,

The “porple”™ slate is o dark purplish brown. The * variegated?” is
like the “seq green™ or “nofading green,” but is irregularly patehed
with purplish brawn, The discoloration of the purple is less marked
than that of the *sea green” It effervesces more or less with cold
dilute hydrochlovie aeid,

SBections of the purple acroszs the cleavage seen in ordinary light
ghow a cleavage corresponding in fineness to that of the “ses green,”
Numerous very minute reddish specks of hematite (Fe,0,) and exeep-
tionally a hexagonal zcale of the same are conspicnons, Under polar-
ized light such sections are seen to consist of 0 matrix of fibrons
museovite polarizing as one mineral, with the usnal quartz fragments,
carbonate rhombs, ehlorite scales, muscovite straps, aud rarely a frag-
ment of plagioclase feldspar and of zireon.

Sections parallel to the cleavage under ordinary light show rutile
needles (Ti()) and very minute and irregularly shaped red dots of
hematite. Under polarized light the guartz fragments, carbonate
rhombs, ehlorite senles, and museovite straps are brought out. The
chief microscopic difference between the purple and the *sea green™
seems to be the presence in the purple of the additional mineral, hema-
tite, and the scarcity of pyrite, and the somewhat smaller nnmber of
carbonate rhombs,

The variegated slate from the Eureka quarries does not effervesca
with eolil dilute hydrochloric acid applied to the edges, and in the
irregularity of its cleavage resembles the “nnfading green” from tha
same quarry. Hven transverse sections show the irregular distribntion
of the hematite dots which prodoce the mottled appearance, There
are also specks of pyrite aml large flakes of ehlorite thronghout.

TUnder polarized light quartz appears up to 0.047 and even 0L071 mm,
There are lenses of quarts a millimeter long, and muscovite and ehlorite
seales withont definite arrangement, abont which the sericite matrix
bends., Many muscovite and ¢hlorite seales in other parts of the slide
lie at an angle to the cleavage. A few slendér prizsms of tourmaline
appear,

Sections parallel to the eleavage alzo show the irregular distribution
of the hematite dots, which measure from 0,001 to (0035 mm, in diam-
ater, and the usual rotile needles. Thers ars also sphernles of pyrite
from 0.007 to 0,027 mm, in diameter. The same sections under polarized
light bring out the quartz, the carbonate rhombs, and the chlorite and
museovite scales.




STONE. 311
THE RED ROOFING SLATE.
CHEMICAL ANALYSES.

T]m follmrlug analyses were maﬂe in the uhmniml ltbupa:pry of the
United Btates Geological Survey, the complete analyses by Dr. W, F.
H.ll]abranﬁ, the partial ones by Mr. Gwrgn Sbmgﬁr

Speafmens. o
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EIIQRDHGOI"IL"!’ ANALY RIS,

The “red slate” is a decidedly reddish-rown, not so darl generally
as the purple, and becomes still brighter on exposure.  An onterop of
ity even at a distance, is % conspicnons object on acconnt of itz color.
1t is not infrequently speckled with minute protuberances or “eyes”
Home of this slate effervesces with cold dilnte hydrochloric aeid.

Thin sections across the eleavage show in ordinary light much irreg-
nlarity in the size of the transparent particles;, and therefore of the
cleavare, These particles meassure from 0.015 to 0.00 by 0.006 to 0.03
mm. Multitndes of ved dots (hematite, Fe 0), from 0.01 down to much
less than 0,001 mm., and 4 greater or lesser abundanee of lenses, up to
0,032 by 0.15 mm., of fine granular material of a slightly bloish color.
Under polarized light such sections polarize as one mineral, bt not so
brillinutly as cross sections of the Cambrian slates, either becanse the
muscovite is in part obscured by the pigment of Fe 0, or becanse there
in Jess of it and this slate approaches a elay slate. The transparvent
grains prove to be partly quartz fragments, partly carbonate in rhambs
or irregular plates up to 0,047 mm., rarely grains of plagioclase feld-
spar. There are also chlorite scales up to 0,075 by 0036 mm., and,
exceptionally, a fragment of zircon, The granular lenses under high
power resolve themselves into a matrix which closely resembles in color
and structure thin sections of the small beds of rhodechrozite (carbon-
ate of manganese) heretofore referred to as oceurring in these same
slates.! This matriz consists, however, in part of erypiocrystalline
quartz, ol containg rhombs of carbonate and considerable muoscovite.
Oneof the slides has alens one-hall millimeter long, containing a rhomb
partly of ealeite and partly of chlorite.

Bections parallel to the cleavage in ordinary light, nnder an enlarge-
ment of 1,100 diameters and immersion, show the hematite dots in cirs
cular or irregularly oval ontlines, measuring from (L0 to 0,000 min,,
aml, nnder polarized light, quartz graing 0.043 by 0.029 mimn.; carbon-
ate, eblorite seales, and fourmaline prisms up to 0,005 by 0,001 mom.

Agsoviated with the red slate is generally a little purple slate, some-
times speckled, but tot of commereinl consequence.  Under the micro-
seope this shows the same composition as the red, exeepting that there
18 less of the iron pigment and possibly more chlorite. Analysiz N, on
page 51, shows from 2§ to over 4 per cent less FeOp and about one-
third of 1 per cent more Fel. The specks or lenses consist of erypto-
erystalling quartz or rhodochrogite, and are surronnded by the meshes
of azricite.  Rarely a gircon fragment ocenrs.

b For aundysia sea p, 01
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THE BRIGHT-GREEN ROOFING SLATE.

The following analysis (specimen O =T, X1V, 93, 307¢), by Dr. W
T. Hillebrand, is of a bright-green speckled slate from the National Hed
Slate Company's quarry, 1 mile north of Raceville, in Granville, Wash.
ington Connty, New York: {

CHEMICAL AND MIOBROSCOOPIC ANALYEIS.

Constitnenta. . Hue;imun. Canstitsnnta, Sporiusen 0.
Par eovit, Per cen,
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ﬂﬁttl;ﬂl;m """"" l‘g L e 100,08
et ST T 2,83 B {ealphur, total)eees cooo.. 022
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+ These are generally interbedded with the red slates, and probably, in
places, merge into them along the strilke. The color is a light blujsh
green, more decidedly greenish than the Cambrian slates. The green
is pecnliarly bright by lamplight. The surface is also sometimes
gpeckled. It effervesces very slightly with cold dilute hydrochlorie
acid. It is said not to fade readily, .

Thin sections across the cleavage show o eleavage not remarkably
good ou account of the large size of the particles, and more inferior
when the slate is speckled.  The speckling is dne to lenses of granular
material which measure up 0.375 by 0.128 mm. There are some grains
of pyrite. Under polarvized light such sections show the nsnal polar-
ization of the matrix as one mineral more brightly than the red slates
do, quartz graing up to 0.065 mm,, chlorite scales up to 0.043 mm., ear-
honate up to 0.056 mm. The lenses consist of eryptocrystalline quartz,
with some very minote rhombs of carbonate and seales of chlorite.

Hections parallel to the cleavage nnder ordinary light show the lenses
with more of & roundish outline, from 0,077 to 0.535 mm. in diameter,
rutile needles, and dots of pyrite. \ Lot

Thin seetions under polarized light yield quartz fragments 0.084
by 0,056 mm., carbonate thombs from 0,002 to (1 03 mm., chlorite scales,
tourmaline prisms, zireon, actinolite (7).

1 Onflovieinn (Lower Silurisa), Horlzon Lrs (Hudson red and green alats),
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MIOROBCOTI0 ANALYERIE,

Thi= elate is quite black. The Inster is not so bright as that of the
Maine elates, but similar to that of the Pennsylvanin slates. It effer-
vesces with cold dilute hydrochloric acid, :

Sections across the eleavage in ordinary light show a faivly good
cleavage and abundance of minnte opagque sphernles, which, under
incident light, glisten like pyrite, They are sometimes in Tows along
the cleavage. There are also slate needles and transparent grains,
Under polarized light the sericite matrix polarizes as one mineral;
guarts fragments and carbonate in plates and lenzes appear.

Sections parallel to the cleavage nnder ordinary light show a cloudy
grayish mateix with transparent minerals, Iarge and small black dota
and blotehes, and slate neadles in abundance from 00017 to (LOH52 mm,
in length, The pyrite sphernles measure from 00017 to 0,007 mm.
Under polarized light these sections show carbonate rhombs 0UNKS to
0,035 mm., quartz grains 0,013 to 0.030 mm., and mosecovite scales,

MICROSCOPIC ANALYSIS OF « MILL STOCHK."”

There remains yet to he deseribed those slates which are designated
as #mill stocle” In consequence of their less perfect cleavage they
are not well adapted for roofing slates, but are sawn up lor a great
variety of other purposes—blackboards, billiard tables, tiles, mantles,
vats, tablets, ete.

They are purple or green or red,  The purple 18 frequently paler than
that of the roofing slater and spotted with green, while the green is
fally as bright and sometimes brighter than that of the “unfudiog-
green” roofing slates. The red iz the Ordovician red. No chemieal
analyzes of these were nndertaken, but the following results were
obtained from microseopic analyses of specimens of purple and green
from the Scotch Hill guarries, 2 miles north-northeast of Fairhaven;
from the Meadow quarry, one-fonrth mile east of Fairhaven; from the
Lake Bomoseen Slate Company’s quarey, at Cedar Point, in Castleton;
and from the J. Jones guarry, 2} miles north of Castleton village.
These are all of Lower Cambrian age (Horizon B,

“Beetions of the green across the cleavage in ordinary light show a
cleavage greatly inferior to that of the “sea-green’ rooflng slates, and
somewhat inferior fo that of the Eureka “unfading green,? There is
an nnusual abundance of large green dichroie scales (chlorite), many
of which lie at right angles to the cleavage; also large transparent
angular graing, some octahedra of pyrite, and rutile needles,

TUnder polarized light snch geetions polarize as one mineral, owing to
the matrix of sericite and the cleavage. The chlorite flakes measurs
up to 0.0587 by 0.043 mm., and are interleaved with muoseovite (or tale).
The quartz fragments measure up to 0.060 Ly 0056 mm,  Muoscovite
seales ocenr in varions orientations,
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Sections parallel to the eleavage show nnder ordinary light the usnal
abundance of ratile needles and nnder polarized light the gonartz
graing, chlorite seales, muscovite seales, and some carbonate rhombs,
The large chlorite seales are conspicuous under ineident light. The
purple mill stoek is similar to the green, with the exception of fhe
additional dots of hematite (Fe.O;).

The specific gravity of purple mill stock from Cedar Point was fonnid
to b 2,83, and of green mill stock from the J. Jones quarry 2,84, both
a little higher than any of the roofing slites,

THE SPOTTED 5LATES.

The spots in roofing slates have long attracted attention In this
region the purpls slates often have green spots of cireular or oval, but
frequently of irregular outline. These spots sometimes ocenr only
along lines of bedding and ecorreapond or pass into green “ribbona.”
In places, however, an entire bed of parple slate several feet thick is
irregnlarly spotted throughont. The red slates are also often spotted.
The spots are frequently cirenlar or oval and measore from a faction
of an inch to several inclies in dinmeter and of pale green color with
or without a purple border. Someof the gpots, however, have no sym-
metry whatever, Im order, if possible; to throw some new light on this
anbject & few thin sections were prepared across small spots in divec-
tions parallel to and across the cleavage, and in the case of the spotted
red glates chemical analyses were made by Dr, Hillebrand of the green
eenter of the spot, of its purple rim, amd of the outer red slate,

MICROSODPIO ANALYSES,

An elliptical green spof, 1 by # incl, in purple Cambrian slate from
the Lake Bomoseen Slate Company®™s quarry, at Oedar Peint, Castleton,
Yermont, in & section cut parallel to cleavage, shows, in the green part,
museovite scales Iving in all directions, large chlorite scales, guurts
frogments, carbonate rhombs, and @ few irvegnlar sphernles of pyrite.
In the center is gome opagne nonecaleareons matter partly survounded
by an aggregation of sphernles of pyrite in a cloud of rutile needles,
Thers are also eracks filled with secondary sericite.  In the surronnding
purple the same elements recur, but the pyrite is much more abundant,
measuring up to 0,021 mm, There are alze many dots of Fe,04 from
less than (L0035 to 0,009 mm. and rotile needles np to 0,012 min. in length.

1 Comparative view af the clonvagn of cryatals apid slate recks, by John Tyndall: Thil. Mag., vol. 12
July, 1856, On the diapesitlan of fron b vaslagated strata, by George Maw: Quart. Jone. Geol. Bne,
Vol. XXIV, p. 579; alsa on varkogated Cambeian slitos, by the anme anthor: PL XTIV, dlga. 20, 11, 83,
Londoa, 1888, Les achisbes e Famay, by Gassclet; Ann. See. Giol: do Wond, Vol X, e 6280, Lille.,
1884 ; mame minblior, I Ardonis, 1855, (w85, Text-hook of Gealogy, by Arehiboll Geilcle, 3d ed., 50,
(25 1800, Lehrboch dler Petragraphie, by ¥, Zirkel, 30 ad., Vol ITT, pp. 206-207, 1584,
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DISCUSSION OF THE SPOTS. !

From Dr. Hillebrand's analyses it would appear that there iz a
decrease of the earbonates of lime and manganese and magnesia and
of silica and rutile from the center of the spot entwird and an increase
of Fe,0; in the same direction,

The main resalts of the microscopic and chemical nunlyaes.‘ngma even

‘a8 to the relative amount of pyrite. The difference in color from the
green to purple to redd is manifestly dus to the differences in fhe amoung
of hematite, Pyriba, rutile, carbonate, and tonrmaline ave more abun-

dant within the spots than without them.

The green fossil impressions in purple slate may throw some light on
the origin of these spots, In this case the effect of organic matter;
whether the carbonaceons matter of the lining of an anuvelid boring or

from @ marine alga, has been to diminish the guantity of Fe,Oyin the
‘slate, and possibly to increase the amonnt of chlorite.! Gosselet regards
the spots ns the result of the reduetion of the hematite (Fedt)) by

decaying organisms to the ferrons oxide (Fe() and itz removal as an
organic salt or as a carbouate, Ie observes that the green spots in

‘purple tiles wear less readily than the rest of the tile, because they
contain more gquartz, and this 8i0: he attributes to infiltration*

In the spots examined from the New York and Vermont slates the

aarked decrease of Feg0, is accompanied by a marked inerease of

carbonate of Hme, iron, and manganese,” and of Si0,, also by a slight
inerease, in some of the thin sections at least, of FeS, Carbonates

are also characteristic of the spots in some FHuropean slates” The
increase of the carbonates may be directly eonnected with the produoe.
tion of CO, by decaying organisms and tlie consequent decrensze of

the Fe,0, Not impossibly the organism may have had a calcareons

exoskeleton which was dissolved and then vedeposited as crystalline

CaC),  The infiltration of Si0, and the formation of ehaleedony may

‘be purely secondary, and likewise the deposit of FeS, or there may

have been some precipitation of FoB, about the decaying organism, as

‘geems to have been the case in some fossils. At any rate, the ;r'.i.l:n of

intermediate composition would be the zone in which chemical reaction
was less effective.
In view of ull these facts and indiestions, the spots may be safely

regarded as probably produced by ehemical changes in the sediments
eonsequent npon the decay of organisms,

If this be the correct view, the green ribbons, which traverse hoth

purple and red slate, wonld correspond to small depesits of decompos-
ingr o‘rgn.um material that effected mm.tis.r changes in the Te,0, of the

1 S Tymilall, Muw, Gossolet, Crollcis, and Zirkel, na in.rl!nu.htt"l:wlﬁhiglun in foatnobs an g 580
= 3w (1o, ik} lind anulyaes masbo of dagle gromlsh Filibans b the Welsl bino slates, aud feind
that the ribbonn contalned 0 per cenl more Si0y, 7 wmtnmﬂfﬂ* Af per cent more Myl (=7

- Limes a8 ok, but & por cont bess Feglly, 1 per cont loas For), and 8] per cent less B0 than the wlfacent

hlun leeds, '[Fnﬂu.rthnmluwﬂmgmndhhm:lhmmﬂmlwmﬂmm He aliributes

these diforanees to olange in sedimentation.

¥ oo Eirkel, Joc. cit.
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argillaceons sediments.  Where o hed of quartzite forms the center of
ench a ribbon quartzose sedimentation must have taken place also,
amd possibly may have been the very condition which proved favor,
able to marine life,

MINERALS ASSOCIATED WITH THE SLATES.

As the minerals of visible size associated with the slates theow light
on the nature and origin of the microscopie constituents of the slate
itzelf, they will now be deseribed.

fluariz is the most common accessory mineral. It is nsnally segre-
gated in the veins already described, but ocenrs also as an infiltvated
cementi between the quartz grains in the beds of gqoartzite or in veins
traversing thoe guoartzite, In both of these modes it is crystallized
‘whenever cavities admit of it

Next in abundance is celeite, oconrring also in veins with or without
quartz, or as delicate films on joint planes, or as & sediment in the
beds of guartzite. The quartzite beds sometimes contain minute
thombs which effervesce readily with hydrochloric acid and weather a
limonita brown, and are therefore probably a donble carbonate of iron
and lime,

Siuarish or oval conceretions an inch by threefourths of an inch and
one-halt inch thick, consisting of radiating cryatalline lamell® of barite
with the intervening spaces filled with slate and caleite and with
many minnte cubes of pyrite round about, ocenr in the Cambrian
grecn slates of Middle Granville. Barite also ocenrs with caleite in
erystalline films on joint planes in both Cambrian and Ordovician
slates.

Clilorite is common in quartz veing or almost alone makes up small
weins, or coats slickensided joint or bedding planes.

T'yﬁw oceurs in cubes up to one-fourth inch aeross or in botry mda}
coneretions, coated with fibrons gquartz (chaleedony) or with caleite or,
more rarely, chlorite. This eoating of chaleedony is often confined to
some of the sides, filling o space produced Dy motion or compression,
a8 deseribed by Renard.  FPyrite may collect in the vieinity of calcare-
ons and guartzose veing or beds or form dendritic crystallizations on
cleavage planes or minute cubes on joint faces, That this mineéral is
pyrite and not marcasite is shown by its not decomposing readily after
long exposure on the slate dumpa,!

| Bep dn this conmestion Alexis A Tulien, On the vatintion of decemporltion in the iron pyritos; ita
onngs, sl its relation to density.  Annals W F. Aend. Bel Vol TIT, pip. 805408 Vol TV, pp. 185291
nndl Pls. VITL DX ; 1HEG, 1BST.
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Beds of carlonate of mmtg‘mm (rhodochrosite) & half ineh thick, with
ea.lnzte amd quartz, ocenr in the red Ordovician slates, An minlys‘ll! of
this, made by Mr, Gagrge Stoiger, yielded the following:

Analyeiz af phodsohrosite.

Comatbts auts. Per cent.
Ay e e e o ST
e e ey Dt St ey een Ste
T o R o e e CE S e o e A 118
L b P e R e A s s el R
oyl T B e S e S i e 10
BRI v e et e L SR
R St b fogncnacars el .61
B S e 5, 08

Insoluble muitu, including all silicn from dis-
solved allicaten. . oo oo iiiiaiiiiiaa| BALTE
il e T e B A Lo LU weee] 50

Under the microscope thin sections of this bed show, nuder polarized
light, & fine-grained bluish-brown matrix identical in eolor and textnre
with that of the small lenses in the red alate and with some of the lenses
in the green slate; also large areas of caleite and gome quartz, i

Tiarely a little ga!mﬁe ovenrs in the quartz veins of both Cambrian
and ﬁrﬂovleinn slates. It will be observed that all these minerals,

_excepting the last, have already been mentioned as oceurring in the
slates, as shown either by the chemical or mummpiu analyses,

SLATES FROM OTHER REGIONS.

It is not within the scope of this report to make o comparative stady
nﬁalnhas, either for economic or seientifie pu.rpoam,but a selection from
the publiahnd analyses of various s]atvae- is here given, and the Tesnlts
of microscopie analyses by the writer of a few sections of slate from
Wales, Penusylvania, and Maine are added, and a few cumpansmm
drawn.

~ Yery few complete analyses of roofing slates are given i in geientifle

literature. Several of the rarer elements are usually omitted in the

ﬂabﬂrmiuaﬁans. FeO and Fe,0, are not dmﬂngum‘hmi, nor CaO and

G0y, mtha.t several of the percentages are more or less miaEm&Ing.
20 gEoL, T 6§ coNT—21
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The following, however, are the most reliable and complete analyses
readily accessible:

Selealed gnalyses of slates from other regions.

Gonstitusots, L[ e | | vi |

Per ol Pep ol | Per ot Per al.| Per o!.EP-rrdI. Peret. | Por rf-.l Per et |
H |
B0y (850} «vaniosannnsss] BEE0 [ OLET (60,83 COLda | 6T00 | BOIS L I3BR0 | 35000 0062

Tihy {titaninm disxidaj..! .23 L31 8 RN [ R B N R, B PRt L
Al iidaminn) e 189 | 1R EE | AR a0 | LD | 1323 | V4,56 2L B8 | TR A0 B
Fogly (forrie axido) . . 05! om | 2 s oner! e ... el LOT] 68
Fe) {forrons oxide]. 237 LI FL aod | 6T B.DBHI B 0g i
Lo Tl e - B I ) R <37 | “H2a| L1681 (180 1.71
M (mngnoaia) o eee| LD | 200 004 480 o .00 1405 a9 JBE

EyO {polanan} casssasnnnne| SodS | 003 ) XHL| B3 1. 78 1,97 | a6d0 a8 i

Hngld (soldnd o .oenn N AL 200

Oy (earlon dinxite) et SIS RS B LR SRR PP P

o110 ) IO S e PEECEER e 1 Mot e iy 7

Mk (manganons oxlde) . 3 | I

Py tpuwmwrluaxidal..l e e b | i e | i T e | S5 EECONE

80, tanlphore axided. ... |

s P e R e 480 | k28| BT | CRBRY LDD T4l | BB LBl Z.AR

o i et e | it L | e, Wi B =i o
Tt - mmme e eena| TG | 09206 | BTO | uu,m:i 100,20 | GILO8 | 08020 | 160010 | 100004

1. Gruy voofing slats, st quality, Dolabals, Comalford, Cormwally bW analyses by J, A PLillips,
London, Edinl, & Tublin Fhil, Mag., 4th sor., ¥ 27, pp, 0, Fob,, 1871,

II. Purple roofing.slate, Fumay, Ardennes, nacthwost Frapoe; by A, Eosanl, Hecherobes sur la
oopaition ef Instewctuny des phyllndes ardepnois; Bull NMus. Fooy. A" Hist, Nat, da Belghque, Vil I,
. 50, 188D,

IIL. Greem roodlng slate bl from purple, Fimoy, Ardennoes, os nbove.

IV, Hlne-gray roafing alate, La Richolle quarry, Bimogne, Ardennes, nortliwest France; by Tle
mont, pah. by A Ronard, op. et sapra, 1, 555,

V. Koofing slate (probably bleck, Devanian), Weatphalia; by H. von Thohen; Both, Allgem. und
wheen, Gool,, L pp, B86, 507, 1844, {107}

VI, Rooflig slate (salor not glven, Devoniang, Frankedlerg, near Godlar, n Prussin; by A, ven
Givodldeck ; Takebe pe, Gool. Londesanab., 1835-83; quatsd in Roth, Allgemeles ohom, Geol., IL pp
LB, 6a7.

V1L Black roofing alates {* Peacl Bettom '} from §. Humplroys Oo's quarey, balf & mibo sast of
Delta, York County, Pennsylvania; by Androw 2 MoOreath, in 81 Geel. Sorv, Pa., Report of Prog.
reas, 1877, Val, CO4, pp. 289, 279, 1880, The fooling given in originsl &4 00800  [Repeated from
P}

VIIT, Muish roofing alabe of Carboniforons age, Mohradorf, tear Wigatadl, Avstrian Siloding by
Hikolie, in Tsubernsnks, Iilim. MAieth,, 1871, p. 207 quoted by Roth, op. ollsupra, pp. B88-680,

1X. Dlme slnte, Glyn quarries, Llanberis, Wales; analyais mode nt Moscam of Poction] Geslagy,
Laomiton, for George Hllq' Gunl.mg.'imndwn. 1808, Yol V, p- 128,

MIOROSC00OPIC ANALYSES OF SLATES FROM OTHER REGIONS,

Dark: purple (so-called @ ved ™) roofing slate from Penrfgm, Wales.—
Traes not effervesce with cold dilute hydrochloric acid, A section across
the cleavage in ordinary light shows an irvegular orientation of parti-
eles and not a little irregularity in their size. The cleavage is inferior
to that of the Vermont “ mill stock? slate, althongh the irregularity in
size of partieles is no greater.  Under polarized light this section does
not polarize as one mineral, or polarizes very faintly so. Tt is a clay
slate, The minerals are muscovite (sericite), quartz up to 0.037 mm.,

[ —
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chlorite np to (L0893 mm., pyrite, hematite. A section parallel to cleay.
age shows muscovite scales, quartz grains np to 00157 mm., chlorite
seales from 0.1 op 'to (.24 mm,, hematite dots from 00005 to 0,017 mm. ;-
rutile needles not very plentiful. The absence of carbonate is notice-
able. Many of the dots which appear black in eenter of section are
réddish under incident light and translocent at edge of section, and
are therefore hematite.

Blaek voofing slate from Festiniog, Wales.—Does not effervesce with
cold dilute hydrochloric acid. A section across the eleavage shows a
mueh better cleavage amd fewer eoarse particles than the Penrhyn see-
tion. It polarizes as one mineral nuder polarized light, yet the orienta-
tion of the particles is not so regnlar as in the “ sea-green” of Vermont
and New York. The constituent minerals are muscovite (sericite),
quartz fragments up to 0,065 mm., chlorite scales up to 0.04 mm., pla-
gioelage feldspar ap to 0.027 mm. Sections parallel to the cleavage
show the entire absence of earbonate, abundance of rutile needles, and
the other minerals just named.

The specific gravity of this slate, tested by the same methods as the
Ameriean roofing slates, was found to be 2.751.

Hurple (so-called ©red™) roofing slate from Cilgwoyn Nanille, in Wales.—
Effervesees with cold dilute hydrochlorie acid, The transverse gection

-shows a cleavage about as good as that of the Festiniog slate, The
parallel seetion shows much more and more brilliant Fe,Oy than that
of the Penrhyn slate. The hematite dots measure from 0.00056 np to
0.01 mm. There are quartz grains, plagioclase grains, ehlovite sealos
up to 0,047 mum., and carbonates np to 0,035 mm,

Blaek voofing slate (% Leligh®), Pennsyloania.—The specimen, after
being exposed for several years, had become discolored to a bhrownish
gray on the surface. It effervesces with cold dilute hydroehlorie acid
applied to the nuweathered edge. Sections across the cleavage show a
fair cleavage. The matrix polarizes as one mineral, but not very Trl-
liantly, owing probably to the abundance of mrhunatﬁ A piece of the

~weathered surface attached to a slide and the other side ground down,
a8 was done in the case of the *sea-green” slates (p. 40), shows the
surface covered with carbonate rhombs more or less completely altered
to limonite, shuwing that the cause of the discoloration is the same as
in the “sea-green” slates of eastern New York and western Vermont.
Ordinary parallel seetions show quartz grains np to 0056 mm., chlorite
seales up to (L2005 mn., carbonate rhombs up to 0,056 mm., spherules of
pyrite from 0.002 to 0.019 mm., needles of rutile and ca- - __eeous
particles.

Black vroofing slate from quarry of the Banger Slate Company, Hasten,
Pennsylrania.—This effervesces on the edges with eold dilute hydro-
chlorie acid, The constitnents, arcanged in the order of their relutive
abundanee, ave: Matris of muscovite (sericite), earbonate in thombs
from 0.009 to 0065 mm., and alse in irregular plates (these rhombs
sometimes have an opaque spherule as a nuclens), then quarts frag-
ments ap to 0,075 mm., pyrite and rotile, and black specks, probably
carbonaceons; lastly, chlorite up to 0.075 mm,
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Blaek voating slate from the Brownville wnd Monson quarrics, Piscata-
quiz County, Maine—~This has a lustrons sorface, does not diseolor on
exposure, doea not effervesce with cold dilute hydrochilorie acid. See-
tions at right angles to the cleavage polarize brilliantly as one mineral
and show an unusual fineness in the particles, but there are a few lenses
of pyrite measuring nearly 0,01 ineh, and more numerons aml pretty
regularly disseminated black tabular crystals measaring 0.086 by 0.004
mim., with their long axes in the cleavage foliation. As a magnet
applied to the powdered slate attracts these erystals, they are magnetite
{(FeOFe ), probably distorted octahedra. The quartz grains in trans-
verse sections measure up to 0.043 by 0.013 mm. Sections parallel {o
the cleavage show magnetite octahedral faces up to 0,10 mm., pyrite,
biotite seales up to 0,093 and even 0.12 mm. guartz grains, hemimorphic
prisms of tourmaline, chlorite rarely, few, if any, ratile needles, no car-
bonate whatever., Some secondary fibrous quartz (chaleedony) sor-
ronnids the magnetite plates and the biotite scales,

The absence of carbonate and the consequent permanence of color,
the very micaceons matrix and regolar cleavage make this a very supe-
vior glate. It is a troe phyllite!

SUMMARY OF CHEMICAL COMPOSITION OF THE SLATES.

By taking the average of the analyses, wherever several were made
of one kind of slate, and throwing together the rarer elements and the
water below 1109 C. we arrive at the following as the general chemical
eomposition of the roofing slates of this region:

Analyses af rogfing slates of eaaters New York and sestern Formont,

ol B L g e Flack:| Genoral
Cansthinenty ugf:' ! SIH%.I- ma';"' hlll‘l\- [ii': Rl 'ﬂ‘i ; nr:fl:n\n.
£ kaj. {1}
s - | SO S T
Parol., | Per et | Per els | Perel | Parels | v ah | Per oby| Ter cent,
8163, (allicn) .. | 03.33 | soaT . OT.ES | eAOL| N30 | w5.E9 | 0% LR T
qmqmmd.,m dh,u.} A4 m| ononl L I ) T A7
A1y (abomiang - . Ii 186 1861 ) 100 | 3840 103 | 1LBO | 1608 1841
Fuoglly (forrle crzli]n}. 1 Lax| LIB| 147 mon] k6| 450 + b i
Fuid [forrous oxbla).. 48| GUed BEr| S08q 262 LI LR +.21
[ I T e ] P L Lo IR T 1,63
Mg (magnenia) ngR| 208 oET| mas| meel LB A £ T
K, (prtannn) ]| wom) cmSBY Cems| woe] BE M| AW 5,08
M0 gaodal . ... _1.92 131 o 1 I L I Ll
{30 {oarban dimi:ln; A 0B .8 TR s T 1,28
Fed, (pyeito) ..ol 1 (I N a8 o Al R 5
0 waterabora 110701) - gor| aan| za | mEL| R0 e ad BAT
0 fearbaom). . b iy 7 - R NS (SRS I S A Ser 48
Bondry and V-am' bnl‘-v'l 1 |

BT PR M 81 e L B o I a2

R - e A e .: 10061 | 18000 | 100008 | D012 16008 | R00.13 | L1 81 R R
Spectile graviiy b oo, LTI ®90s LTIT ws L 2a0a ST uu‘l %785

aTigieres ln parentbess Imllests tha nambor of snalyses averagml,

& Hull fop. oit. ) gives the apecifie gravity of the Welsh alalos ps ringing from 170 f 180 piEEils poE.
eiiliie foot—L o, 265 to 280, Featinlog, block, proves fo be 2.951 face p. &), Amalrsss L and VIILon
B2, give 28] anil 278 for & Cornish and an Awsirian slate. Bayley (op, cit) ghves 2851 far tho
Momaon ( Maiue) slates.

V50w desoription of the mderoscapio chamotors of Lo Malne alates, by W, 8 Tnpley, in Bull. 17,5,
Geal. Sirv., Mo 160, pl, BIT-B12, wlilel meolind the autlior of Ehis pagor aftor s mannseript was com-
pleted.  Trofesase Bayloy gives o geweralnnalysis of this stobe by L. 3L Xorton, shawing 52 of Calk
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If analysis K, of red slate on p. 51 be included with the four others,
the per cent of Fey); in the red slates wonld range from 3.48 to 7.10
per cent, and average 508, Comparing, then, the smonut of Fe0, in
the several slates we shall find that it steadily inereases from the
variegated to the pueple and to the red, as the microzeopic sections
show,

On the other hand, there is a decrease of FeO in passing from the
mnfading green to the variegated, sea green, bright green, purple, and
red. This decrease corresponds to and is probably consequent on the
decrease of chlorite, 4 hydrous silicate of Mg and Fol),

There is more lime (Oa0) and earben dioxide (OO.) in the red than in
any of the other slates, This OO ocenrs in part as caleite or dolomite,
but also as rhodochrosite (carbouate of manganese), as shown by the
analysis of the small bed (p. 62), and the close resemblance thereto
of the lenses under the microseope,  There is less OaO and OO, in the
unfidling green and in the variegnted unn]yzall than in any of the
slates,

There is less pyrite (Fes;) in the ﬂ!ﬂ and most in the blaclk.

Dr. Hillebrand finds the following amonnts of NH; in the slates
analyzed: Black (specimen $05d), 0.01; sea green (speeimen 225f),
0025, and (specimen 256e), 0,003 unfaﬂil:ig green ((45a), 0.035; purple
{0y, 0.0075; red (specimen 35805, 0,.005; bright green {specimen 397¢),
0,015, Whether this ammonia ocenrs as a nitride of some metal or is of
organie origin conld not be determined. Traces of chlorine were found
when looked for; boron was not tested for. Vanadinm and ehrominm
are probably present, in all the red slates af least.

SUMMARY OF MINERAL COMPOSITION OF THE SLATES,

In the following brief deseriptions both the chemical and microacopic
analyses have, to a large extent, been utilized. Besides the minerals
named some kaolin (hydrous silicate of alumina) is possibly also present
in all the slates,

Soie. green.—Largely muscovite (potash miea), quartz, ehlovite, car-
bonate (dolomite with siderite), pyrite, with very little limesoda
felidspar, atill less zircon, rutile, cryptoerystalline quartz lenses.

Unfading green.—The same as above, but much less carbonate; more
pyrite and chlorite, _ _ _

Bivight geeen—Similar to sea green, but less earbonate; more quartz
lenses and chlorite, little pyrite, tourmaline, zircon,

Variegated ( Hureka).—Like the unfading green, but with irregular
areas over which hematite (Fe.,) is thickly disseminated,

Purple,—Like the sea green, but with less carbonate, less FeS,, and
more thickly and evenly disseminated Fa,(), than in the variegated.
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Lied.—XNot so largely muscovite (potash mica), very thickly dissemi-
nated Fe), More carbonate, but less Fell(y; and less FeS,; than in
any of the preceding. Quartz, earbonate of mangauese, chlorite, very
little plagioclase, feldspar, zircon, little rutile, tonrmaline,

Black.—Matrix like the other slates of potash miea. Carbonates
about as abundant as in sea green, quarts, leas Fe.O; and more Fed,
than in any of the others. Rutile, coal, or graphite.

Mill-stock purple and green.—Like the nnfading green and the purple,
but with move chlorite in the green,

DIFFICULTIES IN SLATE QUARRYING.

The difficulties in all slate quarrying are numerous, and particularly
g0 in this region. [n the first place, the conditions of sedimentation
and pressure here have varied so that a series of slate beds does not
preserve its character for any great distance.  Differences in composi-
tion, in hardness and softness, or in cleavage may ocenr nnexpectedly
along the atrike. In the next place, the folding is so close that it is
not easy to ascertain where & bed onght to reeur on the east or the
west. Then the stresses to which the slate mass has been subjected
have been so various that irregular fissares, resulting in as irregoular
veing of quartz, ocenr at the most nnexpected pointa,

The east-and-west jointing is sometimes so abundant as to eut up
the slate into blocks of too small a size to quarry, Massea =o cleft are
ealled “posts.”  “Hogbacks™ may also appear nnexpectedly, or faults,
or dikes, not to mention *false cleavage” (slip-cleavage) or lenticular
beds of quartzite. The amonnt of overlying gravel or of weathered
or shattered roek (*top rock™) to be removed and the proportion of
waste to prodoct are alse vital matters.! Besides these are the ques-
tions as to the drainage of the quarry, a8 to a convenient place for the
Yidnmps,” and as to the means of tranaporting the prodoct. The cost
of slate at some of the quarries is increased by the necessity of remoy-
ing the domps of former workings, which, for want of capital, were
placed close to the quarry and on good slate. Sometimes the only
way to remove these domps is to throw the material into the gquarry
and hoist it npagain. Several of these difficnlties eould be set agide
by a more generous nse of common sense or capital,  Others, however,
are not so easily disposed of; bot even these may be somewhat dimin-
ished by understamding their nature and origing and by the applica-
tion of a few simple geological principles not infrequently neglected by
guarrymen.  The following snggestions may be of service in this way.

! Truvios slates that thin ranges from 5 to 28 per ceot, 8 peroond boing considored & falr propor-
tiom, Watrin, relerring to tho Anlonnes slate, glves Lho total wists ns from 70 do 73 per cent In
welght, of wihiol from 20 8625 ooonrs in quarrying and 50 in splitting and trimming.
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BEDDING AND CLEAVAGE, HOW DISTINGUISHED.

Wherever the slates are traversed by “ribbons,” gray in the green
slates, or green in the purple and red, or marked changes in eolor ocenr
and persist throngh a thickness of several feet, or wherever strips of
quartzite or limestone ocenr at intervals and continoe longitadinally
for geveral lundred fect, quareymen of any experience kuow that they
have to do with beds, and that the quality of the alate of any one bed
may be expected to continne along that bed unless some change shonld
oceur in the character of the cleavage, The qunality of the slate is
primarily dependent npon the character of the sediment.  This changes
less requently in horizontal than in vertical divections, The changes
in the character of the materials brooght into the sea and deposited at
‘one time thronghont a moderately large ares were fewer than between

those bronght in at different times at any one M. NIS'E
gpot. Cleavage, being the result of a later
eompression, may traversesedimentsof slightly f

different compositions with little change in ‘

direction, but will be very mueh affected by g v@
great changes in the material or the grain of ‘5
the sediment. The prime factor is, then, the

'beﬂ', the gecond one the cleavage.

In the sonthern part of the slate belt, as ba-
tween West Pawlet and Poultney, where beds . e
of quartzite or lHmestone are few and incon-
spisuons and the difference of color is slight,

‘the distinetion between bedding and eleavage Em

is not so easily made. Quarrymen and pros- Serg’

pectors sometimes regard them as identical W}

when they differ. Where the strilkes of the pp 1 Digram stratiog
bedding and cleavage are divergent, if thatof  divergence in serike of alate
‘the cleavage be mistaken for that of the bed. w178 wed clenge.
ding # new opening may easily be made at the wrong point and the
looked-for bed may be missed.  (Secfig. 1.)  Insoch places the readiest
‘means of distingnishing cleavage and bedding are:

1) The fossilimpressions (trails or algae, sometimes ealled © wavers )
are always on & bed surface.

(2) Minnte plicated beds of caleite and quartz indieate bedding.

{3) A microseopic section transverse to the cleavage, if other means
fail, may indicate the amount of divergence between the bedding and
the cleavage. :

In some places, however, bedding and cleavage ave identical in both
-gtrike and dip.
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EFLINTE"—THEIR NATURE AND OATEE,

Beds of quartzite, often calcarcons, micaceous, pyritiferons, shonld
never be confounded with veins of quartz. They arve both indizcrimi-
nately designated by the quarrymen as “flints.” The former are sedi-
ments, mainly of quartz sands, and, although varying considerably in
thickness, are generally more persistent than the veins which, as has
been already shown, are chemical infiltrations into fractures produced
at a much Iater time in conseqnence of variona streszes, Ordinarily
the quartzite has & more granular and less glassy surface than the vein
quarlz. A microseopic section nnder polarized lizht will almost always
show the difference when ordinary means fail, The importauce in not
confonnding the quartzite beds and the gquartz veins lies in this—that
while the quartzite beds indicate the direction and thickness of ndjacent
beds of slate, and thus prove helpful, the quartz veins constitfute per-
haps the most fortnitons and pernicions element in slate quarrying in
this region. The strains which the slate masses have suifered have
been so varions, that it is almost impossible to foretell the probable
presence, course, extent, or thickness of a guartz vein. A few things
should, however, be noted. While the fractures which oceagioned the
veins are to be looked npon somewhat as accidental, they ave the resnlt
of stresses alfecting large areas or of the complex interactions of pres-
gure in o few definite directions. The course of a vein which is tapering
out shonld be taken with o compass, and another shonld be somewhat
expected in the same line or in directions parallel to it, or at right
angles to it.

RELATIONS OF JOINTS, DIEKES, AND HOGRAOKE,

In proximity to & dike joints may be expected parallel to the sides
of the dike and in large number, so as to form “posts”  The more fre-
quent eonrses of the dikes within the slate helts are, as shown by the
general map, N. 257 to 402 E. and N. 502 to 702 W., more rarely cast
and west.

Certain systems of joints, the diagonal ones, N. 307 to 40° T and
N, 452 to 502 W., and the dip joints, N, 702 W, therefore eorrespond
to the usnal courses of the dikes, and where such joints ccear in any
frequency dikes should be anticipated. The observed courses of the
i hogbacks™ (shear zones) ave N, 37° to 557 L., and also, but less fre-
quently, X, 532 W,, and north, alzo east and west (see pp. 213, 238).
As these break up the cleavage, they must be dne to a movement more
recent than the pressore which indnced the cleavage.

From the similarity of the conrses of the diagonal joints and many
of the dikes, aud also of many of the hoghaeks, there would seem to
be a close relationship in their origin.  They may all have been pro-
duced by the same stress at the same time—in some cases the strain
resulting in a hogback, in others in a dingounal joint—anid these joints,
when very deep, may have given rise to dikes. The practieal applica-
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tion of this is that the possibility of such a relationship should lead the
quarryman, whenever he finds diagonal jointing, to suspect the prox-
imity of hogbacks and dilkes with a similar conrse, and =0 with either
& hogback or a diagonal dike, and this suspicion may sometimes save
expenditure of time and labor.

THE USE OF A GEOLOGIOAL MAP AND COMPASE IN I'ltﬁﬁh‘ﬂﬂ'l‘ﬂ(ﬂ'
FOR BLATE.

Both the general map and the gqnarry maps ave designed to be of
practical ntility. The coloring shows where the Cambrian green and
purple and the Ordovician red slates may be looked for or not looked
for. The general map, it carefully studied, will show where the con-
tinuation of certain slate belts may be expected. The dovetailing of
the Cambrian and Ordovician areas, as has been explained, represents
to a certain extent structoral relations and not mere “aceidents” of
erosion.  Thus, the Jamesville Cambrian belt is closely related to the
Cambrian belt which lies west of SBouth Granville.

Oun the gquarry maps the conrse of bedding and cleavage has been
shown at several quarries by special eymbols. The seale of these maps
is snfliciently large to admit the entry of many more quarries and sym-
bols, By nsing a small geclogical compass to determine the strike of
any bed of good slate at any of the located gquarrties, and transferring
it to the quarry map by means of a protractor, the probable direction
of the recurrence of the bed ecan be ascertained, and so with joints,
hoghacks, or dikes. Suoch acompass shonld e provided with sights,
spirit levels, movable ring to set off magnetic variation, and have a
clinometer attachment to indicate angle of dip.

Where, as at West Pawlet, the slate is closely folded, a snccession of
repetitions of the same serieg of beds may be looked for in an east and
west direction at varying intervals, The possibilisy of the pitching
of the axis of a fold in a northerly or sontherly direction shonld be
looked out for. In soch cases older or newer beds are traversed in fol-
lowing the direction of the piteh. Where an Ordovician belt abruptly
terminates o Cambrian one on the north or south, the Cambrian one
must ordinavily be suppesed to plunge noder the Ordovieian one.

From the relations already explained, quarrymen need not be sur-
prised, here and there as the excavation proceeds, to come upon the
Ordovician red and bright-green slates at the bottom of & sea-green or
unfading green quarry, or to.come upon theze Cambrian slates at the
bottom of a red slate quarry.

Cuarrymen are very skilled in detecting the presence of good slate
from the pecoliar appearance of the weathered edge surface, and that
skill appears to have been theironly gnide in prozpecting in this region.,
It would be well if this skill were reenforced by the nse of the following
method in exploration:

Firat. Malke reference to & geological map for the areas in which the
warious slates may oceor.
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Second. Deterinine on quarcy map or general map the good slate
beods alveady exploited.

Third. Make compass determination of the strike of suel beds.

Fourth. Explore along that atrike.

Fifth. Explore at right angles to that strike to ses if the series is
repeated by folding.

Hixth, Trench at promizing localities across the strike to expose as
large o series as possible.

SBeventh. When sorface indications are favorable, make an opening
large enongh to determine angle of dip of both bed and cleavage and
to obtain specimens sufficient for tests.

Bighth. Bore with diamond or steel-shot drill at 452 to eleavage dip
Bo that the core will split ap inte elliptical pieces sonfficiently larger
than diasmeter of core to be conveniently tested.

Ninth. Measure thickness at right angles to bedding planes on the
cora.

METHODS OF TESTING SLATE.

Methods of testing the elasticity, absorption, lssility, and resistance
of roofing glates hiave been in use for many years, and many more or
less complete chemical analyses of slate have been published. In
recent years, however, more exact methods of reaching these results
have been devised.  Allsuch methods have here been brought together.
If parta of one specimen, fairly representing the average quality of
the prodoet of any quarry or progpect, or if parts of each of a series
of specimens, fairly representing all the different varieties and qualities
there obtained, were to be subjected respectively to the teste described,
snch a glate or slates may be said to have been for all economie pur-
poses exhanstively investigated,  Several of these tésts are of sosimple
a character as to be very easily applied. This list of methodsis largely
compiled from Bittinger, Fresenins, Hotehing, Jannetaz, Merriman,
Reverdin and De Ia Harpe, Borby, Umlaunft, and J. F. Williams.!
Although they all offer valnable suggestions, the most nseful papers
on the sobject are those of Fresenins, Umlanft, and Merriman.

Sonorousness.—One of the first and most time-honored tests of roofing
slate is to suspend a good-sized piece of the nsual thinness and tap it
with some hard object. If it posessea the moleenlar structure of a
glate it will yield what might be termed a semimetallic or semivitre-
ous ring. It is becanse of this property that when at the quarries
refuse slates are thrown npon the domps the sound produced is not
unlike that made by the smashing of & large quantity of crockery.

Oleavalility.—This test should be applied by an experienced work-
man. The block shonld be freshily gnarried, nnfrozen, and moist, The

1Fnll tilles are riven in the Teonsmls Biklegrophy, inclodel o Peof. Dale's paper. A weaslil
Bibliography of purely technionl works on building stone, by Geo ) Meeelll, appears dn the Annnal
Report of the Bmithaonian Tnstitation for the year ending Tune 30, 1855 pp. S18-520,
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chisel should be yery thin and abont two inches wide. The cost of
glate is closely related to the degres of its cleavability,

Crass fracture (“soulping”).—This is to determine the character of
the “grain.” This test should alse be applied by an experienced hand
to a large block several inches thicl, with o stout ¢hisel and a long-
handled, heavy mallet.  Jannetaz' published o method for determining
with seientific precision the direction of the grain in slate when it is
but obseurely shown on the cleavage surface. The slate is sawn ina
direction parallel to its cleavage and one of the sawn surfaces is made
exceedingly smooth and covered with an even and very thin coat of
grease. The point of ared-hot platinum wire is applied to the slate
opposite the center of the greased surface. The greased area reached
by the Leat will, in cooling, leave an oval outline, the long axia of which
will show the direction of the grain, the heat having traveled more
rapidly within the slate in the direction of the grain than in any other.
He alsomade & disk of slate 5 inches in diameter of ordinary thickness,
with a central perforation. This dizk was fastened by the extremities
of the diameter parallel to the grain and afterwards by that at right
angles to the grain, and was made to vibrate by tapping the side of
the perforation. The sound produced when the disk was fastened by
the diameter at right angles to the grain was louder than when fas-
tened by that parallel to it.  In other words, the direction of the grain
was that in which elasticity and vibration were greatest.

Character of clearvage surfooe.—The cleavage surface shonld be exam-
ined with an ordinary magnifying glass. A superior slate shonld scale
alongz the cleavage surface into very thin chips with translncent edges.
If the grain is pmﬂuneeﬂ it will appear in fine transverse lines. If
false eleavage, which is fatal, be present, it ean usually be detected on
the cleavage surface. R}hhunﬂ, which ave sometimes lines of weakness,
ghould be noted.  There is great differenee in the smoothness of the
surface in slates of different regions. Ordinarily the constitnent min-
erals ought not to be visible. Minute lenses or crystals are not neces-
sarily detrimental, bot they rétain dust and thus afford a foothold for
mosges and other eryptogams, which gather moistore and thus aid the
decomposition of the slate.

Presence of lime,.—This can be determined by the application of eold
dilute hydrochlorie acid to the edges of a freshly quarried slate, Rapid
effervescence implies presence of carbonate of lime; slow, that of a
lesser quantity of it or of dolomite—earbonate of lime and magnesia.

Color and discolovation.—The color of the freshly guarried slato
should be noted and compared with that of pieces exposed for several
years to the weather, either on @ roof or on the quarry dumps, or with
that at the top of the quarry close to the gravel, although this-last
comparison may not always be perfectly conclusive. The value of
slates iz somewhat affected by the extent of their discoloration.

I Relatiens sntes In propagation dela chalenr ob 19lestioits sonors duna lea rockns, 1877, p, 417,
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Presenee of elay.—Thiz shonld be tested by breathing upon & fresh
and clean plece of slate and observing whether there is any argillaceous
odor.  The very best slate will not emit any such odor.

Pregence of marvcasite,—A slate containing lenses or erystals of a pale-
vellowish metallic mineral which on exposure decomposes, forming a
vellowish-white filie and rosty spots, is poor,”

Strength.—Ses Merriman’s paper? for dpparatns and method nsed in
determining the moednlus of rupture in pounds per square inch, which
he finds in the best slates shonld range from 7000 to 1000 ponmds,
See alzo J. F. Willinms's" tests of compression and elastie limit applied
to purple, red, and green slates from Botland and Washington counties.
Hiz results show & limit of compression ranging from 8,040 to 24,760
ponnds per squara ineh, and an elastic limit at from 4,850 to 10,260
pounds, Campbell and Donald! give 20,000 ponnds as the cronshing
weight for one cubie ineh of slate. Wilkinson, in his Practical Geology
of Ireland, gives 30,730 pounds as the erushing weight of the Killalos
slates® Watrin" gives the maximnm croshing weight of some French
glates as 2,000 kilograms per square centimeter, but 1,500 as the
average.

Toughnezs or elastioity,—Merriman finds the ultimate deflection in
certain Penngylvania slates, when placed on snpports 22 inches apart,
to range from 0270 to 0313 inch.  Certain blue-black slates in Eldo-
rado Connty, California, when split seven to the inch and 13 inches
souare, and fastened solidly at the two ends, are said to bend 3 inches in
the center withont any sign of fractore.” J. F. Williams? tested beams
of slate from Butland and Washington counties, 1 inch square and 10
inches long, with supports 6 inches apart. Bending withont breaking
was effected by from 770 to 1,200 pounds, and when the sapports wera
placed 3 inches apart Ly from 1,710 to 2400 ponnds.  The great olas-
ticity of the slates of eastern New York and western Vermont is appar-
ent to anyone visiting the shanties where the splitting is done.

Density, or speeific gravity.—This is determined in the usaal way, by
weighing o piece of the slate in and ont of water and dividing its
weight ont by the difference between its W\.E'uiglll- in and ont.  The spe-
eific gravity will be considerably affected by the amonnt of maguetite
or pyrite. Merriman's teats of Pennaylvania slntes give 2.761 to 2817,
Meyer's. Konversations Lexikon, 15894, gives 2.8 to 2.9 as the normal
specifle gravity of a good roofing =late.”

18 b marcasite amd pyrite; o comparstive study of the chiemical bobiavier of pyeite and marca.
mite, by AL T Deown: Froe Am, Phil Sce,, Vol XXX, pp S256-260, 1504,

iy, et Am extonded alstract oo Merrbiman’s paper inoghe 178, Geologion] Bervoy report on stons
for 1807, and some dots alitidued by Praf. W, 0. Qeosby as to the sbrongil of the Malue slates pre
proscated

0 eie.

A Eneyel, Brit, nluth od,, 1557,

Yot by Hully ep. et
S0 e, pp, 19 10,

Tealifornin State Mining Bucean, Twelfth Beport of State Minerlogist X1 Crawford, Ssprambee
N5 LB 400,
8w plan . 012,
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Porosity.—This is best determined by dryiog, then weighing, then
immersing for twenty-four hours and weighing again, in order to ascer-
tain the percentage of water absorbed. Merriman takes o piece 3 by 4
inehes, with rough edges, dries it in an oven at 1352 T, for twenty-four
hourz, eools to the normal temperature of room, weighs, and immerses
it for twenty-four hiours, and weighsagain, His tests of Pennsylvania
slate showed from 0,099 to 0,303 per eent of absorption. Porosity is
sometimes ronghly indicated by immersing a roofing slate edgewise
one-half in water and observing how far the water ascends by capillary
attraction. Tn good slates it ought to rise but very little.

Reverdin and De la Harpe! state that slates nre liable to deterioration
from the ehemical action of gases arising from woodwork beneath the
slate, s well as from the action of the atmosphere, and that they are
also liable to an increase of porosity by the physical action of changes
of temperature and by the unequal conduetivity of heat in the direction
of cleavage and of grain. They state that the porosity in a fresh slate
shonld be below 0.1 per cent and after treatment Jess than 0.2 per cent,
Their somewhat elaborate methiod is this: For determining porosity as
produced by acids, the slate is treated with 10 per cent eold acetie acid
and the flask is made vacuous from time to time. The piece is then
washed, dried, weighed, and immersed in diphenylaming in a thick-
walled tnbe 12 by 34 centimeters. The tube is exhansted, heated two
hours in oil bath at 1702 C., air pressure is restored, and heating con-
tinned for fonr to five hours at 160= C., after which the test pieces are
removed, the diphenylamine wiped off with ether, and the inerease in
weight talen.

For determining porosity as produced by changes of temperature, the
slate is heated in a wronght-iron tube for half an hour to 3002 (1, and
the tube is then snddenly cooled by o stream of water for halt an hour.
This process is repeated twenty-four times, and the slate is then
impregnated with diphenylamine and the proceduore is as in previous
tests,

Fresenins is aceredited with a method of testing the effect of heat
and cold on slate by satueating it with water and putting it for twenty-
fisnr honrs in a freexing mixture and heating another from 2502 to 3305 O,
for five or six honrs and then immersing it in water. The porosity,
strength, and elasticity of the picces so treated should then be tested.
Bottinger points ont that the greater the porosity of a slate the more
damaging is the action of frost likely to be.!

Corrodibility.—An important quality in roofing slates is their resist.
ance to the avids of the atmosphere, partienlarly in cities, where gases
increase its destruetive power. Freseniosg in 1868 suggested testing
the weathering qualities of & slate by immersing it for three daysin
dilute snlphurons acid in a closed vessel. At the end of that time poor
slates are softened or broken up into thin lamine or easily fractured,
while good ones preserve both their density and hardness.

" it
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Merriman for the same purpose prepared o solution consisting of 08
parts of water, 1 part of hydrochlorie acid, and 1 part of sulphuric acid.
Pleces of slate 3 by 4 inches were carefully weighed, then immersed in
the solution for sixty-three hours, then dried for two hoones in the aieof
the laboratory, and weighed again. The loss in weight ranged from
0,574 to 0,619 per cent.

Microscopic analysiz,—COne of the most satisfactory tests of slate is
the examination of a thin section of it nnder the microscops. A enbic
ineh thus tested will suffiee to show the character of the cleavage, the
presence of false cleavage, if any, the probable durability or indora-
bility of the color, as well as the presence of any mineral constituents
likely to affect its general durability. The specimen shoulid be earefully
selected, 50 as to falvly represent the genceal quality of the bed. It
should be fresh, untrozen, and abont an ineh thick acrosa the cleavape.
At least two sections shonld be prepared—although the more the bet-
ter—one parallel to the cleavage and another at right angles to it, never
diagonal toit. The sections should be exceedingly thin, mueh more so
than ordinary sections of eruptive rocks, and the glide cover shonld ba
of the very thinnest kind, fo admit the nse of the highest objectives.
Eoth slides should be examined ficst in ordinary light, then in polarized
light with powers ranging from 140 to 700 dinmeters, The transverse
gection will show the guality of cleavage, the false cleavage, if any, and
under polarized light will, as pointed ont by Sorby and others, show
whether the specimen is a slate or a4 shale or gomething between the
two by the entire matrix becoming, in a true slate, fonr times dark
and fonr times light in complete rotation, Sections parallel to the
cleavage reveal the amount of carbonate and indicate the probable
amonnt of discoloration by exposure. Both sections under ineident
light will show pyrite if any exists.

Chemionl analysis.—~This, in order to give a correct idea of the com-
position of the slate, should not be partial but complete.' Such an
analysis should then be compared with complete analyses of the best
glates of like color, and before a final conclosion is reached as to the
value of the slate ita microscopic analysis and the results of the tests
of its strength, elasticity, porosity, and eorrodibility should be consid-
ered in connection with its chemical analysis. Merriman conclndes
from six different kinda of tests applied to each of 24 specimens of old
Bangor and Albion (Pennsylvania) slates, as well asg from the results
of zeveril general chemical annlyses, that—

Tha strongest slate stands higheat in weathering qualities, eo that a flexoral tesg
afforda an excellent index of all its properties, partionlarly if the ultimate deflection
and the manner of roptnre be noted.  The strongest and best slate has the highest
pergentage of eilicates of iron and alumina, bt i not necesaarily the lowest in ear-
bonates of Yme and Tg e, Cheamieal sunlyses gl\'n !I:II]J.' i:npel'ﬂwb sondlnsions
rogarding the wenthering qualitics of slates snd do not satisfactorily sxplain their
physical propercias,?

1 5es, on the ndvantage of complete annlysls, Frinciplos pnd mothods of analysis applied oo silicate
recks, by W L Hillobraml, Bl T 8. Geal. Boevey, Mo, 148, Analyess of rocka and analytical math-
oils, Clarke and Hilleheand, pp. 1-64, 1857,

0. vkt
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Beverdin and de ln Harpe! also call attention to the fact that good
-slate may liave o high per eent of caleinm earbonate and that otliers
free from it may be poor, amd that the presence of pyrite is not neces-
garily a bad indication, for it may not decompose. This statement
‘meeds modification, however, by adding that marcasite even in small
quantities is very deleterions, for it decomposes very readily.®
Begides these tests there are a fow others which are of scientific
rather than economic fmportance. Tmlauft suggests heating small
splinters of slate nnder the blowpipe to determine the presence of
pyrite and carbon and to ascertain the velative fusibility of different
slates; also the test with bead of borax or phosphate of =oda and
ammonia to determine the presence of iron. He recommends pufting
a aplinter of slate fu pure hydrochloric acid in & wateh glass and after
evaporafion mmmmg the precipitate microscopically; also, the appli-
eation of the same trentment to o splinter after fusion with the blow-
pipe. He recommends also the application of the ordinary mineralogical
tests for hardness; . g, seratehing the slate with caleite and flnorite,
Hutehing finds that the presence of chlorite minerals can ba detected
by heating the slate to doll redness, thus debydrating and discoloring
those minerals, then preparing a thin section of the slate so treated
and comparing it with sections of the normal rock,

GLOSSARY OF GEOLOGICAL AND QUARRY TERMS.

As this report may be conzalted for economic or other purposes by
persons nnfamiliar with geological science, a number of the commoner
geological (mostly struetural) terms used in it arve here explained, and
for the benelit of geologists some of the terms in common use among
the quarrymen of the region are translated into scientific ones, Some

of these quarry terms were given by Speer in the Report of the Tenth
Census, but the list has been enlarged,

AxTicuing, The arch part of o folded bed,

Back somsr., Jeint plane more or less parallel to tho strilke of the cleavage and
frequently vertionl,

Brb, A continnoos mass of material depoesited noder water st ahont one time.

Braxp souxt. Obseure bedding plane,

Borrost sornT. LJoint or bedding plane horizontsl or nencly so.

EBreccia. Hoek made up of angular frogments produeed by croshing and then
reemented by infiltrating mineral matter,

CragTic. Conatitnted of rocls or minerals whish ars fragments derived from other
rooks,

Creave, Slaty olenvage.

DIAGONAL ToIwTs. Joints disgonal to the strile of the ﬂlmhg&

e, The degrree and: the direstion of the inclination of o bl nlu.wagﬁ plune,
Joint, eto,

Die so1xT, Yaﬂluﬂjuinba abouot paraliel to t.hn diraction of the eleavage dip.

Dige. Molten wateridl ernpted theonglh a narrow fisnre.

EXD JOIKT, Vartical joint about parallel to the diroetion of the dleavage dip.

Erosiow, The “wear” of a rock suefaes Ly natural mechanical or chemical
agenvieg.

1 O ek #3e0 mndur teals, p. T3
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~ The following table gives the value of the sandstone output, by
smm, for the. years 1800 to 1805:

Falue af aandstons, by States, from JS50 te I8NGS.

Btata, 18H), 18 s, 1602,
EAER T, S 43, 065 ), OO 3, 000 £5, 400
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Connestiont .. .. ... 40, 061 THO, 000 850,000 | 570,346
Bloeddd . (a) e R i e L
Beorgla - -......... T sl B S e o8 111
P A | e &, (A 2,005
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Tt L S 13, 985 90, 000 8OO0 | 20,000
T A T 80, 251 50, 0 45, (4K} 18, 84T
RN Coe e e 148, 255 i, 000 70, 00 24, 761
Kenfneky.o......._..| T, M0 80,000 | 65,000 18000
Maryland ..............| 10,605 10,000 &, 000 i
Massachusetts. o ...o.... 49, 107 A, {0 400,000 | 28 e
b P e R M, 6T0 275, (60 GO0, 000 T, BT
Minmesotn:. .. ooen coaiac 2 131, 970 200, 00 175, 00 80, B
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TRl o e 41, 48 a5, 100 85,000 | 42,300
e e e () e | e e e
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Hew Moo ooooooasnnn. 180, 24 50, 00 20, 000 oA, G
Hew ok s o v e TO2, 418 | GO, 000 ABiL 00 415, #18
North Cerolina e A 12,000 CBE000 | L
L e e S #, (MG, 666 | 35, 200, 000 %mm 2,901, 052
Tyt R e LB cR e e e R R
Penugylvania ........ veee| 1,608,150 | T, 000 &Sﬂ,ﬂm 629, 558
Rhode Island......oco... {a) P il ~itir al] Tominiled {
South Daketa .o . ...o.. 03,570 25,000 20, 000 26, 166
I T SR ey Hid e el e e S e L
R R 14, 651 6, 00 A8, (00 77, 675
umn__-l 18, 506 56, 000 40,000 | 186, 462
b T e ) ST 11| LY e
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Washbington .. ..o ooeees - TB,986| 75,000 75,000 15,000
Weat Virginis. ... .. .. 1 140, 68T B0, 000 85, 000 A6 135
B T eeeeaeal  IBBOGE | 417,000 | 400,000 | 92,183
WYORIBE oo I6TH0 | 2,000 15,000 100

1 S — - 10,816,057 | 8,700,000 8 315,500 | 5,265, 151
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THE SANDETONE INDUSTRY IN THE INDIVIDUAL STATES.

ATARANMA.

As gompared with 1897 the past year shows an increase from #3,000,
as the value of the output in 1897, to $27,882 in 1808, This was dune
in part to the erection of coke ovens in the latber year, Prospects are
mueh better than they have been for years.

ABRIZONA.

Owing to increased ﬁunaumgﬁun of sandstone for railroad bridges,
the output increased in valne from 815,000 in 1897 to $57,444 in 1898,
The stone is of good quality, red in eolor, and weighs 158 ponnds to the
enbic foot.

ARKANSAH.

Increased eonsnmption’ of sandstone for riprap raised the value of
the ontput from $3,161 in 1897 to $24,820 in 1805

OALTFORNTA,

Exceptional nse of sandstone for jetties in California accounts largely
for the production of an amoennt valued at 355,008,

COLORATIO,

Tiusiness was mueh better in 1895 than in 1897, the valuation having
increased from $60,847 to 880,657, Prospects for the foture are ungues.
tionably good. Most of the producers speak in a more hopeful tone
than for several years past.

CONNECTIOUT.

AlthﬂnEh 1898 was a mueh better year for sandstons in most of the
- productive States, it was not so for Conuectiout.  The value of the out-
putin 1897 was £364,004, and for 1808 £215,738,  This is accounted for by
@ variety of eanses, among which strikes may be especially mentioned.
gam seems to be no good reason, however, for a continuation of the
n@ﬂﬂ. prmﬂuul:lon.
ILLINOTS.

Bt little was aceomplished in sandstone production during the year.
The outpat, however, never has been large.

INDIANA,

Demand for sandstone was very decidedly befter with some of the
Targer producers than in 1897, As a consequence the ontput inerensed
from o valoation of 235,501 in 1897 to iiﬁ,ﬁi& in 1508, Indieations for

'1899 are excellent.
IOWA,
‘Bandstone quarrying has never amounted to moch in Towa, The
value of the output in 1893 was 37,102,
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HANBAE,

Values were 820,953 and 819,528, respectively, for 1897 and 1808,
The product was largely nsed for flagstone.

KENTUCKY.

Conditions improved markedly during the year, resnlting in an
increase from a valuation of 40,000 in 1897 to $72,625 in 1508,

LOTISIAN A,

SBandstone was quarried for jetty work at Babine Pass, Texas, from
quarries in Lonisiana during 1808. These operations comstituted an
important factor in the production of & total amount of sandstone
valued at S200,500,

MARYLAND,

No sandstone at all was reported for Maryland in 1897, while in 1895
an amonnt valoed at 815,646 was quarried.

MASEACHUBETTE.

Buosiness was poor among the sandstone prodocers of the State dor-
ing 1808, The most important quarries are at East Long Meadow.,
The producers seem somewhat discouraged; the conditions are similar
to those which have prevailed among the produncers of sandstone in
Connecticut. The product was valued at 851,287 in 1508,

MIOHIGAN,

A number of large concerns in Michigan report a very much better
bmsiness in 1808, o that the valuation increased from 171,127 in 1807
to #222,376 in 1898,

MINNEEDOTA.,

The value of the ontput in 1897 was $158057; in 1508, 175,810,
Mueh improved conditions are reported by almost all of the producers,
inclnded among whom are the operators of the unigne jasper quarries
in Pipestone County. ' ;

MIEROURL

The output of sandstone fell slightly below that of 1897, There are
but few quarries of sandstone in the State. The output of 1808 was
valued at 845,795,

NEW JERSEY.

The value of the sandstone product in 1897 was £190,976. Producers
report conditions generally better for 1898, The valus of the output
for the latter year was 257,217,

NEW YORE.

An improvement is characteristic of the year 1898, when a product
valued at $566,133 was quarried. The valoe of the output in 1897 was
#4014, Prospects for 1804 are excellent.
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OHIO.

The valne of the sandstone ontput in 1897 was 81,600,058, In 1395
produoction declined to a valnation of $1,489,579. Quite a nnmber of
the smaller operators ceased operation altogether during the year, and
less business was done by a number of the largest producers, Tt seems
quite certain, however, that a larger volume of bosiness will be done
in 1809,

OREGOR, F

A small amonnt of sandstone quarrying was done in 1898; the pro-
duction of sandstone is somewhat irregular from year to year.

PENNSYLYANIA.

Production increased from a valuation of 380,513 in 1807 to #475,451
in 1808, A full acconnt of the sandstone mdﬂst.rjr in Pennsylvania
was published in the report for 1806,

HOUTH DAKOTA,

There is plenty of good red sandstone in South Dakots, but compara.
tively little is as yet quarried—=29,000 worth in 1598,

TEXAS,
The value of the ontput was donbled in 1898, increasing from #30,030

in 1897 to &77,190.
TTAMLL
But little sandstone quarrying is done in Ttah, althongh there is an

abundance of good material there, some of wh.lch has been tested sci
entifically mﬁfhvy practical nse.

\ WABHINGTON.

The value of ihaonnput in 1898 was #15,575—about the same as in
1807, Bellingham Bay stone, quarried at Chuckannt, 2 one of the
most interesting from the commercial standpoint.  This stone has been
thoronghly tested at the Walertown Arsenal.

WEST VIRGINIA.

Produetion fell off from a valnation of 847,288 in 1807 to 814,381 in
1898, Among a number of quarries in the State are some that have
achieved a high reputation as bridge stone,

WISCONSIN,

The value of the outpnt in 1598 was. :m,sa this ig the highest
fignre reached since 1864,

WYOMING.
Bat little was done in 1598,
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The following table shows the value of limestone, by Btates, since
18090 s

Falug of limestone, by States, from 1350 to 1595,

_ State vr Tecritors. A8, J 1601. 1202,
R AT R Tt o b et i e 24, E1 300, 000 #0325, K00
L S e P A e
18860 | 20,000 18, DI}
516, 780 400, 000 400, 000
TS 01 a0, 00 T, 000
mLe | oMo | 8,000
L e sioiinmune
() BBl A L
H‘rm -------- b <5, 000
2, 100,607

7 P e e |
ﬂrogm/ﬁ =

s | s5000 | 85,00
818, 563 75, 040 675, 100
Sl ner i S s
19, 0, 170 | 15,792, 000 | 18, 542,000

& Limeatone valnod nt877,905 was prodused fn Oregon, Georgli. Florkds, Arizonn, Soath Dakota,
Cand Wgening. The vabse is iniloded in the totel, 2
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GRORGILA.

The limestone quarried in Georgia was entirely burned into lime, the
value of which in 1808 was 57,803, This is more than has ever been
accomplished in the State in any one year before.  The stone interests
in Georgin center in its granite and marble more than in any other
kind of stone.

TDATID.

Thmvnlnnufﬂwpmdmmm'um pruﬁmﬂynﬂor#hkh
was the value of Hme made,

TLLENOLR,

The value of the limestone ontput in Ilineis declined from §1.483,167
in 1807 to #1,421,072 in 1598, More than one-half of this value is that
of stone nsed for building. This comes lurgely from quarries at Lemont
amil Joliet. One-thind of the amount went for paving and road making,
while the remainder was divided between lime flox and riprap. Some
years ago [linois produced more limestone for building purposes than
any other State in the Union, bat in recent years it hos been suceseded
by Tndiana, owing to the large produoction of the Bedford oolitie stone.
The early part of the year wis charneterized by poor business, but a
~deeided revival took place in the last fow months, making the outlook
for 1809 much more enconraging.  Labor tronbles at Joliet interfered
with produetion quite materinlly, Almost all of the producers in the
Joliet and Lemout regions report improved mdlﬂom, particnlarly for
the latter part of the year.

INDLANA,

Indiana is of especial interest among the States producing limestone,
from the fact that it stands first in the list for the amount of atone
devoted to building purpeses, The valoe of the total ontput in 1508
was 81,686,572, Of this amount over $1,000,000 represents the valoe
of the building stone, which comes largely from the celebrated Bedford
region, which yields oolitic stone. It is searcely necessary to say that
the Bedford oolitic stone is popular over n wide range of the United
States as o stone of light eolor.

10WA,

The value of the limestone output in 1805 was #524,546, & gain of
abont B44,000 over 1897, About half of the product went for building
purposes, one-fourth is the valoe of lime made, while the remainder
went mainly for paving and road making. The epoperation of the
Towa State Geologieal Survey aided very materially in the collection of
the lowa statistics.
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HKANHAE,

The value of the ontput increased from #208,3589 in 1807 to 8305,005
in 1808, One-half the product went for building purposes, one-third
for paving and road making, and the remainder went mainly for riprap,
a small quantity only being made into lime, The ontput was the larg-
est sinee 1800,  Indleations for 1899 are very good.

EENTUOKY,

The outputof limestone in Fentucky was practically donbled in 1898
as compared with 1807, Most of the product went for roml making;
the rest was divided between lime and bunilding,

The most Interesting limestone in the State, from the stundpoint of
building, is the Bowling Green oolite, which, however, is at present not
quarried in very large goantity, Quite s number of the producers
raport encouraging prospects for 1804,

MAINE.

All of the limestone quarried in Maine is burned into lime.

The total valoe of all the lime producsd was £1,270.226, Muine stands
at the head of the lme producing Btates of the Union, Pennsylvanin
standing second with an outpat of 81,200,352, The lime of Maine comes
whiefly from Rockland and vieinity and Thomaston, where a particularly
pure limestone i8 quarried.  The number of cazks of lime produced was
2,067,062, An average value of 02 cents per cask is thos indieated.
The value of the ontput is somewhat less than twiee that of 1807, It
is therefore very evident that the industry was in n tlonrigshing condi-
tiom thronghout the vear, but the best conditions prevailed towand the
close of the year. The tendency of prices was downward,

MARYVLANIL

The value of the total output of limestone in Maryland was 2433057,
More than half of this is the value of lime made; the rest of the output
was devoted mainly to paving and rosdmaking, There was a very
marked increase over the ontput for 1807, which wos valned at #181,637,

MASSACHUBERTTS,

The total value of the output in 1808 was 174,822, OF this figure
F160,692 15 the value of lime made. Tt is therefore evident thut most
of the stone is borned into lime.

MIOHTGHFAN,

The value of the limestone output of Michigan for 1898 is 8271,528,
About two-thirds of this was burned into lime and the rest was divided
into building and paving, The value of the output in 1897 was 8215,177;
quite a decided ineresse is thus evident.
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MINNESOTA.

The output of lmestone in Minnesots is the largest sinee 1882, and
ubout 50 per eent greater than 1897, The figures for 1895 nre $345,685.
Most of the stome is devoted to building purposes.  Most of the reports
flpukmemmginilyu(thamummm

In the December, 1805, number of De Lestry’s Western Magarine
appeared an article on the building stones of Winona, Minnesota. The
stone quarried here is o dolomite varying in color from buf' to Zight
gray, though there are also found layers nearly white in color, Its
ernshing strength is said to be 16,250 pounds per square “fneh and
weight per cubie foot 1531 pounds.  The stone has been used in build-
ings ot Winona since 1862, It has also been adopted for sidewalls
For all purposes to which it has been applied it hos given entire satis-
fnction, both for durability and appearance. A number of churches
and publie buildings have been built of it

MIBHOTUTRL, .

The value of the limestons output of Missouri declined from §1,018,202
in 1807 to 735,275 in 1803, The value of the lime made is 207,101,
while the value of stone devoted to building was $238,553. The remain-
der was divided up among paving and roadmaking, riprap and flnx.
Many of the producers report muoch improved business for the latter
part of the year and the first of 1890, Donbtless the current year will
show eonsiderable gain.

MONTANA.

Aside from 87,200 worth of lime, the entire output of limestore in
1895 went for fluxing purposes. The industry has never been large in
Montann, and most of the product goes as o lnx cach your,

-

KEBRASHA.

Quite a notable increase marked the year 1505, The value of the out-
puat for 1807 was $42,550; in 1808, 878,498, This was divided between
building and roadmalking, but little being burned into lime.

NEW JERBEY.

For several years past the valoe of the limestone output in New Jer-
‘sey has been quite constant,  Most of it is burned into lime, while the
rest is nsed for blast-furnsee flux. The value of the produet in 1808
was 8140611,

NEW YORK.

The value of the limestone output in New York fall off from $1,607,750
in 1807 to #L533,956 in 1503, The stone is about equally divided
betwean building purposes, paving and roadmaking, sod lime.
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OHIO,.

The value of the ontput in Ohio—#1,675,160—is the highest attained
sinee 1804, A decided gain over 15897 has been made, The tigures for
1897 were 81,480,550, The oatput is for the greater part barned into
lime, the value of which in 1505 was 8011,482. For paving and road-
making the valoe of stone nsed was #260,957; for bnilding purposes,
8221, 440, noad for flux, 210,000, In magnitude of ontput of limestone
Ohio stands second, Pennsylvania being first, with an outpat of nearly
three nrillions, The lime indostry in Ohio is & very extensive one, and
the guality of lime made is in many cases very saperior. Most of the
prodocers report decidedly improved business.

PFENNBYLVANIA.

Pennsylvania stands first for the mugnitude of its limestone outout,
the value of which in 1598 was 82,740,256, a decided gailn over 1897,
when the valne was $2,327,570. The valoe of the lime made during
the year 1508 was $1,201,352. The value of flux was 8065,526. For
paving and roadmaking the valne of crushed stone was 2206001,
Quite a large proportion of the lime made is osed for agricoltoral
purposcs.

RHODE ISLANT,

Rhode Island bas never produced much limestone in any year, it
being distinctively a granite State. Aboot #10,000 worth of lime is
annually prodoced.

BOUTH CAROLINA.

About £30,000 worth of output is secared in SBoath Caroling every
year. This fignre represents the valoe of lime, with the exception of a
very small amount for roadmaking.

HOUTH DAKOTA.

The only purpose for which limestone is qoarcied in Booth Dukota

appears to be flux. The value of the output in 1808 was $26,558,
TEXNESSEE.

There was a very enconraging increaso in the value of outpat in Ten-
nesses in 18088, the total renching #182,402, ngainst #115,774 in 1507,
Most of the produoet is burned into lime,

TEXAS,

The value of the limestone cotput in Texas in 1898 was 8To421.

Thiz was about equally divided between lime and blast-furnace flux.,
VERMONT.

The wvalue of the total output in 1885 in Yermont was 174,150,
Practically all of this was the value of lime made,
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VIRGINIA.

The limestone industry in Virginis has not yet regained its former
- prosperous condition, as the ontput is still markedly below what it was
in 1884, It was about equally divided between lime and blast-furnace
flux. Reports indicate that better conditions will prevail doring 1809
than have been known in several years,

e WASHINGTON.
Something of & gain wns made during 1898, namely, from $126,577

in 1807 to #140,239 in 1398, Almost all of this figure represents the
value of lime made,

WEST VIRGINIA

The value of the limestone ontput in 1508 was 256,167, Very nearly
‘all of this is the value of lime made. The industry has not varied a
~great deal in general prosperity for the last five or six years, although
it s much lower than 1892,

WIBCONSIN,
The limestone industry in Wisconsin is one of considerable magni-
tudle, the total value of the ontput being generally abont three.quarters

of o million. About one-half of this value is the valoe of lime made.
The other half is divided betwesn building parposes and roml making.

TESTS AND ANALYSES OF STONE.

In the selection of all kinds of moterial for stroetural use it is becom-
ing more and more customary to test sueh material, and to make the
fingl selection on the basis of results so secured. [t is, of conrse,
nnneeessary to state that it a given materinl has already demonstrated
its fitness for a certain use by years of experience with it in that capac-
Jity, no results of seientifie test should be considered as in any way
capable of offsetting these resalts of actual experience; but in a conn-
try ns yonng as the United States enough time has not yet elapsed in
the nse of stone as & boilding waterial to afford, in more than a few
ocases, a sufficient nmount of sach knowledge as results from long-
econtinued use. A an example of a stone already sufficiently well
hmmtm require farther special tests, Quincy granite may he
cited, This stone, by ita hardness and suseeptibility to high polish,
~amil the contrast offered between polished and bammered sorface, lis
~demonstrated its fitness for use as 4 monnmental stone,  Similar state-
- ments might be made in regard to Westerly granite and other long-
squarried and well- known materials,

When, however, a new waterial comes up for consideration it is desir-
- able to learn of its qualities by quicker processes thau those which
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depend upon actual use. There have, therefore, been devised a num-
ber of methods of testing stone which may be quickly earried ont and
which are of varions degrees of valne, according to the natore of the
stone tested and the use to which it is to be put, The practice of mak-
ing these testa of stone iz of such comparatively recent date that it can
hardly be said that the particnlar tests are so well nnderstond a8 to be
beyond eriticism either in regard to the nature of the test itself or in
the method of carrying it out. There is, moreover, a great luck of agree-
ment among teating experts, both as to what tests shoonld be applied to
a given stone and as to details in the methods of applying these tests.
In some cases physicul tests seam to be all that are necessary to fornish
the oeediul information withont any chemieal analysis whatever. In
other eases it is quite generally concedoed that physical tests shonld ba
supplemented by more or less oomplete chemical analyses.  Af the pres-
ent time the uses to which stone is put are goite different from those
involving it as a structural material. Thus limestone is nsed in enor-
mons quantities for burning into lme and as a fdux in metallurgical
operations, Limestone for soch uses may be taken from the same
quarry that furnishes bailding stone, and is thos quarried by the same
methods as apply to the production of the building stone, It ean not
therefore wall be considerad apart from that which is devoted to stroe-
tural nse. If limestone is to bo burned into lime it is of conrse evident
that the physical strength of the stone so used s of no moment what-
ever, but a knowledge of the chemical composition is absolutely essen-
tinl. The same idea applies to limestons to be used as a blast-furnnce
flux,

Again, although a stone to be used for stroctural purposes may show
great physical strength, it may, nevertheless, contain minerals which
by decomposition from atmospheric ngencies may develop in the entire
mass weaknesses that would in conrse of time make the nse of the
stone nndesirable. To detect the presence of suel minerals chemieal
analysis may be resorted to in some cases, or, better still, this, together
with a microscopical examination of thin sections, by which it is possi-
ble to detect minerals as such, even though the amount present may be
extremely minnte. The application of microscopical examination as a
means of studying stone in relation to its technical appliestions is of
recent date and as yet is used only to a limited extent,

Among the tests mozt commonly applied to stone which is to be nsed
for structural purposes is the crushing-strength test. This gives in
general a good idea not only of the power of the stone to support with-
ont fraeture the snperstructure that may rest npon it, but also of the
homogeneity and all-connd durability of the material. Other tests of
valne include transverse gtrength, porosity, corrodibility, specific
gravity, and resiliency.

A stody of the tests presented in detail in this report will, it is
beligved, convinee any intelligent engineer that there is need for an
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Sandatone,—The following unalysis, lpaniﬂn gravity, aud absorption
tmﬁ upon the sandstone quarried by the Colusa Stone Company at
n;rrlu at Coluga, Colnzn (}nunty.wm maude by Messrs, Thomas

Son, analytical ehemists, of Ban Franciseo, in May, 1896

Analgsie of Colusa sanidatune,

l Per veat,
1 T e ey . S .! RN
Adaminmm oxtde, Ay .. onan oo oiiian .52
b BT R e R e R 440
Calelnm earbonate, CaC0 oo ooooooe o oinn L&
Magnesinm oxide sml alkalies " s 78
Sorc MY WG OGN (o AR l 6
Water of combloation, ergunie m:.m. wil Joms, . 1348

| 100, 00

Bpechis graviky . o oiceanse amssaprssisssistnssasmararnsagrnsssascrrnsssess BaiNID

Water nhaorbod in 24 HotIm ..o v e i ses s p s e s PP Gond.. 8005

Whan heated to m red hent and plonge] inte water, the stons neither splinters nor
ceracks, It resists, withont fuslon, the temperature of a full white hoat, not even
‘the sliarp edges of the stone being blunted, Plunged into water, after belng anlb-
juetod to n full white heat, the stone asanmes & light-hrown solor.
 Wa reganl this as o vory auperior biniliding stone.

The grains nre small and uniform in size, thus forming o very sompact rock, sod
muupumngwﬂlﬂwwgmmlmul baililing matarial

Three 1-ineh nuhasufthimﬂnnsm tested as to erushing
strength by Mr. P, Noble, of the Pacifie Itolling Mill Qompany, with
the following results:

Crushing strongth teats of Calusa sandstons, S
L IR o e R i e b e e e ek T b o o e LN

e N N N . Ll e T I o 8, 440
foTE el A e e SRR e S e R e
COLORADO,

Martle~Mr. Henry Wood, analytical chemist, fonnd the following
resnlts in an analysis of the marble from the quarries of the Denver
Onyx and Marble Gompany, Bealah, Pueblo Connty, Colorado:

Analysis of marble from Boulah, Pucblo County,

Per ceni.

Curbotinto of Lme, CACON covnvenvencameonnnanns| 8800

Magunesion, Mglh, cooe i 05
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Texts of granite from Middietown, Middieser County~—Continned.

FINEGRAINED GRAY GRANITE
[Mark: “ Somth and 1.

Heresa |n pounda som-
& prevasion ;s g kisini.

TooNa, | e | LenEh | RUSS | Thise

peslEnen. fag e
1054 [ Bed...| 2007 200| 2ob| 400 | 12500 | 180,100 | 88505
1068 | Bed... 2o002| 2200 201 .02 | 06,600 | 124,700 | WK 019
1006 | Bed...| 2007 | 2000 | 200 400 139,000 | 130,800 33,700
1057 | Bdge..| 2o0i| 2.00| 00| 400 110,000 | 120,200 | 50,060
1068 | Hed...| 2000 200 Lo0| 400 ... __..| 190,000 | 32 500
1059 | Bed...| 2002 Lo0| 00| 52.08| 198000 129,600 | 92502
1060 | Bad..| 2007 | 200 2.00| 402 110,000 | 120,600 | 30,000
061 | Bed...| 2001 | 200| 200! 4L00.........| 60| 29400
1082 | Bed... Lees| 200 200! 400 135,000 BR300 M,07
1063 | Edge.. 001 Z00| 200 400 197800 | 125200 | 82 000
1084 | Edge..| 1080 1.08| 180 S8 L......... 121,700 | B0, RER
1066 | Bed...| 0G| 200 200! 400 128000 | MBEG00 | $2,150
ORARSEGRATNED GRANITE.
| Mk ** il Boiige 1.7

1066 | Bod... 20086 200 201 406| w000 HLT0 | 21400
1067 | Bed...| 2,085 | 4.0 02| 406 80,000 90,000 | 22,058
1088 | Bad...| 2.007| 2or| 202| 4.08| 100000 | 100,500 | 24 758
1008 | Bod... 21| SO0 o2 @00 oo 80,000 [ 20,801
070 | Edge.. 2.018| 2,00 02| LM BLO0| 05100 | 29707
W7l | Edge..| 2097 | 2.00| 01| 4oi| 76000 84200 20,881
1072 | Bdge.. 20016 200 201 40 SLOM | 82700 | 20,470

M. n., of Columbia D'llimsity, New York 'I'.'_‘lﬂ',y

. Cruaking sirongth af grawile from Watcrford, New London Cuunty,
[ Twoinch voles tested. |
Ho, Sima. Arw | Wirstormak| Crasbt at, m
76 | 21high by 200 by L9E.... B86 | GH000 | @100 | 23,510
1578 | 2.008 high by 208 by 201 408 | WLO00 | eTE0 | 20m
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~ The following sualysis of trap rock quarried by the Cooke Trap Rock
‘Company at their qnarry at Plainville, Hartford Connty, was made by
Mr. Henry Souther, analyst, of Hartford ;

Anadyrin of trap rock quarried ut Plaiwyille, Hartford County,

Par cent.

Bilhwm, IO oo ooe oo mmem e ere e goee| D06
Piarrbe akbla; Poly ciiaciarvsssnvasrsanranansal LS
Alnminmm oxide, A0y ... oo.o .0 ..............l 10 16
Monganesa oxide, Muty .ol A8
Calaium uxiile, €80 oovemeesiiiinenecaeaaeee. 10,68

anulumnid-,]q-ﬂ“‘________________,_____ Todn
Wiktet, FaO oo e L3R

e S ..,..._..,.",-j 104, (W)

mwmﬂ-mmm unalysis of sandstone quarried by the
New England Brown Stone Compauy at their quarry at Cromwell,
Middlesex Connty, was made by Mr. ¥, W. Twlw

Analisin of sandatone quarried of Cromweall, Midileser Coanty.

! Per vant.

Bodium oxiile, N0 .ooeee e ienrerncenans| 548
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Wosmin of firs, quarring stous. 'MM% :ﬁ"l: m’?:
I For vemt.

Airama. Girmma,
Georgli Murble Oo ... ... Ketnesaw...| 45160 | (5200 0,08
5 R S PR TR ] SO
DO eriom i e | Etowah | 4AE | TR0 005
Banthern Marble Co ... ouve Woul.oooowws AGIT0 | 46,200 0
Bl e rrersmsnramreserons] BB axarnos, M40 | T L 008

- The following artificinl weathering tests taken from Bulletin No. 1 of

_ the Geological Survey of Georgia, 1804, were made by W, H. Emerson,
Ph. D, upon specimens farnished by the Georgin Marble Company
from their guarries near Tate, Pickens County. The specimens were
mmmwdmhmmﬂmﬂm
ous and carbonie aci

H’-ﬂrh; Lests of marble from Piokens Conuly,

"o Orltonl | putwnight.| Lo, |

tirmees, Frams., Ghrmana,
1 50808 | 449837 | L1581
1 G.ew2 | 578 | 16w
i o] FTET ]
6 £ 1900 1 ALEME |

It is noticeable that the wupolished vabe of No,1 was disselved with consideralils






BTONE. 376

The following is an analysis of Pickens County marble, quarried by
the Georgin Marble Company ot their quarries near Tate, Pickens
Conuty, made by Mr, John C, Jackson, of Chicago:

Analynin af Fiokews Counly marble.

Ter coni,

Culoium enrbonnte, Cal’Oy. . oo.ooeen ... B2

Magnesiom earbonmte, MgCOy ... ..o ... 1. B0
BT D oL s e s e b e T wER |
ey e i L 25 I

]

| R, o T s el T L

The following tests, by compression, of the strength of three cubes
of Georgia marble, quarried by the Georgia Marble Company at their
quarries near Tate, Pickens Connty, made in 1856 by Capt. Mareus W,
Lyon, United States Army, with the testing machine at Watertown
Arsenal, Massachnsetts, serve to indicate the erushing strength of this

marhle:
Mechanioal tests of Goorgia marbia,
|. Fibintialitin. Uthnste stremgih.
L —_—— ey
“Tuat | | Bectionsl
ol m--‘wmfw""’“ |
Ik,
P J —] £
Ircbes. Inchet, B, Fueh.
4337 | Chevokes .. (NS .11 by 800 96,08 | 395, 800 (10,076
| 4888 | Crecla ... 608 | B00hy5ED  S0.08 | 434,000 | 12,078
4339 Etowsh..| 608 | 6.03by 601 B2 384,000 | 10,643
|

Limestone.—The following analyses of lime and limestone, quarried
by the A, C. Ladd Lime Works at their quarries at Bartow, Jefferson
Qounty, were made by Mr, N, P. Pratt, formerly State mineralogist:

Analysis af lime from Hartow, Joferson County,

Pae int.

P T e e SR e R e 34,070
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KENTUCKY,

W‘I’hﬁ following is an analysis of blue sandstone quarried
_ _ﬁahntuaﬂe Stone Company, at their quarries at Langford, Rock-
astle Oounty, by Mr. W. M, Mew:

Analysis af sawdstone quarried ot Langford, Kockoastle County,

Tar couk.

11 T oS S e s st I
Cexlide of tron aml aluming, Fe, O, and ALO.. . A B30
_IA-IN.M...... R RS O I )
R RS B S T S S L 2 ]
AR R R L A Sy i ] {1 B

1 stone absorbs 3 per cent of water,

887

e same stone was tested at the Watertown Arsenal, by Uapt. Ira

. with the fullowing results:
d Testn ar sandstons guarciced af Langford, Boeckeastis Connty.
| THanensiona. ]Mimﬂh
How : Sactionn]
0 o il e e
) || | i, | i, i b Pt || Pt
85 | Upper ledge.| Oubed .| 2001 | .00 02| 444 | 61,250 | 15,160
i Onedge. 2003 200 2.02| 404 66,320 | 12,208
| LowerJodge. On d .. 2005 2,00 201 | dood | 61,060 | 15,111
B |l o |un-|ghl 208 200 2,00 400 49,80 | 12,47
¢t appared in No, 5I8 ok 47,500 poinds,
o Ko, BA8 ab 48,000 ponnda.
all prramidal,

rhd













STONLE, a9,

The following tests of granite quarried by the Booth Bros, and Huorri
eane Iale Granite Company st their qoarries ot Hurricane Island,
Jonesboro, and Waldoboro, were made by Prof. Tra H. Woolson, School
of Mines, Colnmbia College:

Campreasion feals af gramite quarried is Maoise,

Thimsvinslens.
Emd1m.| "":—:“:,_" oty x,:“_d ——
|

| etght. | Brodth, Phickuess,

| |l‘lllﬁﬂ. Tmchiva, Tnahes

H‘H‘I’irl‘lll.lnl-ltrlnlllix.lﬂi.t_.___....; iow | 27 | 208 | com

| i . | f
Jemeabioro | Jonssbore._ .| Washington.| 1711 | 2.01 018 | 2,008
Maine Wh “’llrlnlmm..i Lincaln ... - lﬁt 2,01 4018 | Loim

| — — =

tinnle strengih.
Haeo
| Mamn of guarey. mrﬂ Uiy, ﬂ.ﬂﬂl mllk

Tnches, Pownds. | Pewnls,  Powmids,

| Hurrleans | Hurrieane | Knox _...... .08 ?ﬂ.ml 'rﬂ,lml 18, Bas
| TInle Tslomid. |
Jomeshoro  Joussboro. . .| Woashington.| & 08 | 8§, 000 | 100,500 | 24, 507
R,
‘ Madne White Waldolors . :.uum_h.t;.....1 0 | oo A 600 | 23111

- The following analysis of granite guarried by the Booth Bros. and
Hurricane Isle Granite Company st their quarry at Waldoboro, Lin.
eoln Connty, was male by Measrs, Ricketts & Banks, of New York
City:

Analynis of yranite guarried af Waldabors, MI Cannly,

Par cont.
Bilai B cli i e e e L Thes
b L I e I F. |
Forronm oxclde, FoO ..o on vemeioemcs ieeeaens d e
Onleinm pxlde, OM.. oc.cvneemssnsacansecasaeess] BB
Magnesing ¥Mg0. ..ol ol _"".} .0
Manganons oxide, Mo0 ... .. e b | o (1]
O AN v wmt s i i s kL PR T |

e o (ORI SN S e
Snlplur, 8 (total) . oo.oooenroeevancen pene| TEnes,
Carborle 8oldy 00: oroivirios sniinnasensnsssaal ~Hool













Firsk itk ....c..iee

Original gaged length
m;murm
Bnld.-...--.-......

Gaged length in bath:

HSTONE.

J'r_unmu text ol Wowsan wlate.

Bhearing test of Wsnaon slofe.

* Tobal shearing strongth
Bhuaring atrongth por squiee fooh ..ol
Irrogular tensile fmmu

ﬂ'ﬂﬂpﬁﬂn tost aff Monson slate.

Cueflicient of cxpansion of Monson sinis,
o sdpentnss AT, 10,0064

B s v e A

nohes. .

395

400 hy

The following tests of Monson shate were made ot the Watertown

19

Mu‘lﬂm -tu'ng'l.h B T a1 L T B
Muximite fhez atress per sgmare dneli oo _Loooiiioiciaeelo... 7,671

6,10
48,8

ft, &0
107, (0

4,192
Atone did not shoar

1
#, 00 by

2,00
4.8
a6

ik, (M)
478, 000
15, 510

0 e ] e e e

T ke i

Cosfelont of expanmon.... cccuviecnrisaseiomiinemananeas o SRR » (000G
The following tests of slate quarried by the Bast Brownville Slate
Company at their quarries at Brownville, Piscataguis Connty, were
maide by Prof. W, O, Urosby, of the Massaclnsetts Institute of Teel-
nology, at Beston, Massachusetts:

Compreasion teats of slate guarried at Brownrille, Fiscataguis County,

Differened . ..cvoees ¥, ey P p e e b, LI SR AT o,

=

=

[ e ey A e e S BT ]
Cold:eesss AL AR S L4 b e b ik b A R e B A e TR

LLEE

Himo of eule.

How applied.

Ultimain

wtramgrh
e i

L-ineh enbs .......
o ST R s

b R e e e e SR i e e

cemad

Frewnala,
o, 40
25, 120
18, T80













STONE. 309
MARVEAND,

Granite—The following analysis of granite, quarried by the McClen.
~ ahan & Bro. Granite Company at their quarries at Port Deposit, Ceell
County, was made by Dr. TL. N. Morse, professor of analytical ehemistry
in Johns Hopkins University :

Analysis of graite prarried af Port Dapostt, Cocll County,

Per camib.

e e e
-7 R TN R W ¥ | | |

TORR] wrvsss sannndorenrisarmessnumners s | I TT0

Marble.—In a compression test of marble, quarried by the Beaver
Dum  Quurry Company at  their quarries, Cockeysville, Baltimore
Connty, Lient. Col. Q. A, Gillmore fouml the ernshing strength to be
ﬂ,ﬁ]& pounds per sgquare ineh.  The weight per enbie foof was 175

pounds.

Slate—The following analysis of slate, quarried in the Peach Bottom
slate region of York County, Penusylvania, and Harford County,
Maryland, was made by Messrs, Booth, Garrett and Blair, of Philadel-
phin, Penngylvanio:

Analynis of the Feach Bottow aluie.

BE e PO i o L s e e e U e R
Protoxide of Tom,; Folaueess cosssssnsivs ton ita 10, Gl
b, ALOG, vaneiecnenans T TL et far s n iy 20986
e A T O Ot | B
Mngosatis, M. ... oivavenaainliiilo ] RNE |
e e R et e e ey B T ]
N T L, S e
Carbinle eI, 00, . ooevessans somanssesnsssnanes o390
L ot ke el SO AR T T R
Wbt I s L e T s e Sk m ek D
THanloacdl, Ti0 - o e ssvsuainsasesissnsannsaces] TrRON:
Oxile OF MALEANESE oo oeove vnnnnsramsiaiones| TEROR

R S M S R A













BTONE. 408

.......................... e e b s 4 T 1 01
e et B, e en do.... 18,9310

= _IHImu.......-......-................................dn.... 0. o0a L
CoaMabant of expAMRIOR. .. . oo s e o oL D0oD0ELL

The following test of granite quarried by the Shea Piuk I}ranita
Company at their quarries at Milford, Worcester County, was made at
the Watertown Arsenal under the direction of Maj. J. W. Reilly :

Compresaion teal af gramitn guarried ot Milford, Worrester Connty,
o LU S e S O e 11, s
) A s o e S e PR e R - nches. A0
Cotnprassad BOPIMOR . ... vurrins s v s anea amers s I00HORL 400 Dy 408
B L e sijuare inchos. 18. 32

tﬂ.ﬂm&h#wsthmlqminnh ................ AR E AR doi... ), Bl
Pyrumbdal feaeturs,

An analysis of the same stone by Prof. I, . Talbott, of the Massa-
chusetts Institnte of Technology, Boston, Massachnsetts, iz as follows:

Amalgsis of grawite guareied at Milford, Worcester Counly,

Hor canl

L e I T
Aluming, AleDy - oo cmmrccmacacmrrme s 11,16
Ferrie oxide, Paglyceeeicnrcamusarasmacssansians .3
Farronwoxide; Fol oo nramaaaizas i)
Bodinm oxidoy NauD «.o.o:sovearreansrssnszassns B 0
Potassiom oxlie, K0, ..oooe s ieee et e ]
Molsnee ... ooorenss s g i e . 80
Munganous oxide, MoO._ ... oo oL
Cololom oxlde, Ol . ccovimiosicibarrsanamsins-{} Tones,
Magmesiom oxide, MgO ... .o,

R S e 9,75













The following is an snalysis made by Prof. Arthar A. Noyes, of the
Maugsachusetis Institute of Technology, of a serpentine marble from
Westfield, Hampden County, and owned by the Westfiehl Marble amd
Bandstone Company :

Analysin of serpentine marhls quarcisd at Westield, Hampden County,

.I'-M.

VNS B .. o5 ise i et D
Rilien and lllente. .- oo o
(5 PR S P TG SO e S B - 1
Maguesium oxide, Mg0. ... coveooienee.o|  1LG8
Carbon diaxide, €Oy ooouovooeeooaeeeiaaee] 4R.01

Tobak-. . ool e I RO T

Maj. J. W, Reilly, Watertown Arsenal, made the following compres.
#lon tests of the same stone:

Compressive atrongth testh of Westheli srpenting sarbie,
v S —
Inehes, | Bpoim. | Pwwnds, | Pownde | Pownds

5.80r) 20.80 | 412,000 | 455,800 | i K20
LM ILHJ 159,600 | 139,000 | 12,000

K
2
1_
%

Aneher.
ATe | 406 A3
B0 | 0.9 RET













STONE, 411

The following analysis of lime made from limestone quarried by
Hmﬂmmnwnwwmmxwmm
County, was made by Mr, W, M, Eamnhw. chemist, New York State
Agricultural Society:

Jnnhﬂt wf lime from New hn'_:, Frerkahive County,

Per cusit,

Lo Ol s s s s e e e L G
Mugnosla, MgO ... oo aaaas SR
Oxfdes of lron and alomitnm .. ... A7

Lo oo fgnitbon ... ... .ol sl ias e e SN

e P R e e T

Thnfnﬂuﬁngnnﬂyﬁgufﬁmaﬂunuquurhdh;ﬂr 0. H. Hastings,
‘at his quarry at West Stockbridge, Berkshire Oounty, was made by
‘Mr. J. Blodget Britton, of Warrenton, Virginia:

Analyais of lmestone quarried ol West Steckbridge, Rerkshire County

Per cent.

Ualoium éarbonate, OaliOy. .. . oo i, 020
Magnvainm onrbonute, MeQOy ... ooaaol oLl .66

MIOHIGAN,

Sandstone,—The following compression tests of sandstone quarried
by the Kerber-facobs Redstone Company, at their guarries at Red
Rock, Honghton County, wers mide nnder the direction of Maj, 1. W,
Redlly at the Watertown Arsenal:

THimusinbumn, Uitimnte strongih.

Teat Ko. e, erneh.

vES | 200)| 08| 2.08| 413 B0 | MBN0 | 64010
o | 200 4| G0 42| 2L700| 21830 | 5206
s | o0 | a0l | mip| dos| sl gmewn| 6T
TN
BT
THIS

200 01| S00| 40| M0 OT40| GH6
Le9| aon| Sor| 40| SE850 | 24550 | 5,988
200 208 202| GLOR| D8R0 24080 6123

Pyramidal fractures,



































































































































































