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LETTER OF TRANSMITTAL.

To His Excellency Lroyp Lownbpzs,
Governor of Maryland and President of the Geological Survey

Commission.

Sir:—I have the honor to present herewith the second volume of
the reports of the Maryland Geological Survey. The several scien-
tific articles dealing with subjects of economic and historical
interest add largely to existing knowledge along these various lines.
I feel confident that the information contained in the volume will
prove of substantial value to the people of the state.

' Very respectfully,
‘Witrtiam Burnrook CrLARK,
State Geologast.

Joans HoprrINs UNIVERSITY,
BALTIMORE, October, 1898.
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PREFACE

The second volume of Survey reports contains additional infor-
mation regarding the physical features of the state of Maryland.
The subjects here discussed were treated in a preliminary manner in
the first volume, but their more exhanstive study renders possible
the fuller discussion of the present report.

The Administrative Report, by Wm. Bullock Clark, comprises
Part I of the volume, and is given up to a summary of the operations
of the Survey during 1896 and 1897. To this is appended an ac-
count of the additional legislation enacted by the last General As-
sembly under which the bureau has since been operating.

The Report on the Building and Decorative Stones of Maryland,
by George P. Merrill and Edward B. Mathews, forming Part II of
the volume, embraces a full account of one of the most important of
our mineral industries. Professor Merrill, who is in charge of the
Department of Geology of the U. S. National Museum, is the recog-
nized authority on American building-stones. It should be a source
of much satisfaction to the people of the state that Professor Merrill
has consented to supervise the study of our building stones and has
prepared for the report a discussion of The Physical, Chemical and
Economical Properties of Building Stones. This chapter cannot fail
to be of much value to our quarriers and contractors. The more de-
tailed study, presented in An Account of the Character and Distribu-
tion of Maryland Building Stones, together with a History of the
Quarrying Industry, has been admirably prepared by Dr. Mathews,
who has carefully investigated the subject both in the field and in
the laboratory.

The Report on the Cartography of Maryland, by Henry Gannett
and Edward B. Mathews, constituting Part III of the volume, is
divided into chapters on the Aims and Methods of Cartography, by
Mr. Gannett, and on the Maps and Map-makers of Maryland, by Dr.
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Mathews. Mr. Gannett was for many years the Chief of Division of
Topography of the U. 8. Geological Survey, and is to-day the
Geographer of that bureau. He has had great experience in carto-
graphic matters, and his report will be of much value to those who
are desirous of employing intelligently the topographic maps now
under construction in Maryland. The report comprises a complete
digest of topographic methods, which will serve as a valuable treatise
for the engineers of the state contemplating topographic surveying.
Much of this report was published by Mr. Gannett a few years ago
as Monograph XXII of the U. 8. Geological Survey. It was pre-
pared in its present form by the author with a view to its publication
as a text-book, but has instead been kindly placed at the disposal of
the Maryland Geological Survey. To the student of Maryland his-
tory Dr. Mathews’ chapter on the Maps and Map-makers of Mary-
land will have peculiar interest, while a knowledge of our leading
maps cannot fail to be of valuc to cvery citizen of the state. The

study of the early maps reveals many interesting facts regarding the

physiographic changes which have occurred in historic time along the
Chesapeake and Atlantie coast-line.

The illustrations contained in this volume have been secured from
many sources. The Survey especially desires to thank the officials of
the several railroad companies of the state for the liberal offers of
photographs and other illustrations. The Pennsylvania, Baltimore
and Ohio, Western Maryland, Cumberland Valley and West Virginia
Cemtral roads have been especially helpful in this matter.

The U. S. Geological Survey has permitted the use of transfers
from several of its topographic atlas sheets, as well as the publica-
tion, for the first time, of the Frostburg shect as a base for illustrating
the diagrams of triangulation and control. The plates and figures
used by Mr. Gannett in his report were also secured from the same
source.

Several of the commerecial houses, dealing in building-stone ma-
chinery, have been particularly generous in allowing the use of their
private plates, notably the Ingersoll-Sargeant Drill Company of New
York, the American Hoist and Derrick Company of St. Paul, Min-
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nesota, the Lincoln Iron Works and the Wardwell Steam Channelling
Company of Rutland, Vermont.

Other illustrations of much value have been secured from Dr. Harry
Fielding Reid, Mr. A. B. Hoen, Dr. E. B. Mathews, Dr. E. Oliver
Belt, Dr. Cleveland Abbe, Jr., Dr. G. O. Smith, Mr. A. Bibbins,
MecClanahan & Brother Granite Company, Riehlé Brothers of Phila-
delphia, and Beaver Dam Quarry Company. Houghton, Mifflin &
Company of Boston, and Harper Brothers of New York, have kindly
allowed the reproduction of several illustrations from their publica-
tions as indicated on the cuts employed.

Dr. Wm. Hand Browne has carefully reviewed the chapter by Dr.
Mathews upon the Maps and Map-makers of Maryland, which snffi-

ciently assurcs the historical accuracy of the statements therein
contained.

Particular attention should be called to the extensive codperation
granted to the Maryland Geological Survey by the Director of the
U. S. Geological Survey, Hon. Charles D. Waleott. The active sup-
port which has thus been given since the organization of the State
Survey along nearly every line has largely increased the efficiency of
the local bureau and has been of great serviee in the preparation of
the present report.







PART 1

ADMINISTRATIVE REPORT

CONTAINING AN ACCOUNT OF THE

OPERATIONS OF THE SURVEY DURING 1896 aw 1897

AND

ADDITIONAL LEGISLATION







PLATE I,

VOLUME I,

MARYLAND GEOLOGICAL SURVEY.

LI

5 Wi LFLLIE

*SUVOUTIVYE OIHO ¥ TUOWILTVE ANV ANVIANVIN NYALSTM HHL 40 NOILONA[ THL LV

NAY AYYITHD VAN ‘YFIAId DVINOLOd dHL




1

ADMINISTRATIVE REPORT

CONTAINING AN ACCOUNT OF THE

OPERATIONS OF THE SURVEY DURING 1896 axv 1897

AND

ADDITIONAL LEGISLATION.

IntrRODUCTION.

The great diversity in the natural features of the state of Maryland
opens up many interesting fields of investigation in geology and its
allied brancles, the resnlts of the study of which cannot fail to be
of lasting value to the people of the state. With the large number
of subjects presented, it has been somewhat difficult to determine the
order in whiel the several investigations should be undertaken. Many
things have tended to influence the decision of the Survey in this
matter, among others, the existence of topographic maps to serve as
a base for the work, time and money necessary to complete the par-
ticular investigation and the amount of available kuowledge of the
subject as the result of carlier study. The final selection has been
made only after a recomnoissance of the entire state, preparatory to
the detailed work of the Survey which is now well under way.

Tt was also found advisable from economic cousiderations to projeet
those lines of investigation which might, on account of their interde-
pendence, be contemporancously condueted. By this method less rapid
publication of the results of the work will be possible in the carlier
days of the Survey than later on, but the resnlts obtained will be less
liable to modification by subsequent discoveries. The geological in-
vestigations have not been confined to any one section of Maryland,
but work has been started in widely separated counties in order that
the Survey might be in a position to give at least preliminary infor-
mation in regard to the varied mineral products of the state.
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It has been found esscntial to the proper interpretation of the
geological problems presented to devote much attention to the con-
struction of topographic maps and to the conduct of magnetie obser-
vations, while many other subjects, particularly those of physiography,
hydrography, and agricultural soils arc so closely related to the
primary object of the Survey as to require careful consideration.

Much has been accomplished as the result of the work of the first
two years, and the Survey is to-day in a position to make much more
rapid advance in the future. New lines of investigation are pre-
sented as the results of the observations alrcady made, and the oppor-
tunities are excellent for securing still more valuable results in the
immediate future.

OPERATIONS OF THE SURVEY DURING 1896.

The organization of the Survey upon March 25, 1896, prior to the
adjournment of the Legislature which had made provision for i,
rendered it possible for the State Geologist and his corps of assistants
to take advantage of the entirc ficld season of 1896. Plans were
early formulated for the work, both by the selection of an indepen-
dent corps of trained geologists and by the perfection of a plan of
codperation with those state and national bureaus, whose work is
closely related to that of the State Survey.

The rooms granted, free of all charges, by the Johns Hopkins Uni-
versity in its front building on Howard Strect, readily accessible to
the public, were immediately made ready for occupancy and properly
equipped with the apparatus necessary for conducting the operations
of the Survey. It was possible from the beginning for the Survey
to avail itself of the geological equipment—collections, books, maps
and apparatus—which belonged to the Johns Hopkins University, so
that a very small outlay was made necessary in this direction. The
various lines of investigation undertaken during the season of 1896
may be considered under the following heads:

TOPOGRAPHIC WORK.

The topographic work was carried on almost entirely at the ex-

pense and by the engineering staff of the U. S. Geological Survey as
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. the result of a plan of codperation which was early effected. The
National Survey had, during several seasons since 1883, conducted a
greater or less amount of topographic work within the limits of the
state of Maryland, but it ‘was not until the State Survey was organ-
ized and showed the necessity of expediting the work that the U. 8.
Geological Survey aggressively took up the matter.

During the season of 1896 complete surveys, based on earlier tri-
angulation, were made of portions of Cecil, Kent, Qucen Anne’s and
Caroline counties, covering an area of about 650 square miles. The
work in Cecil county, north of 39° 30”, was done in a form to admit
of publication upon the scale of one mile to the inch (1:62500), and
will comprise the Elkton shect of the Geologic Atlas of the United
States. The remainder of the district south of 39° 30’ was surveyed
for publication upon the seale of two miles to the inch (1:125000),
and will be embraced within the limits of the Dover sheet. The sur-
vey was carried on under the direction of Mr. TI. M. Wilson, Chief of
the Atlantic Division of Topography of the U. 8. Geological Survey.
The field-work was done under the immediate charge of Mr. H. S.
Wallace and Mr. J. W. Thom.

MAGNETIC WORK.

The magnetic work of the Survey was commenced during the
summer of 1896, the direction of the observations being placed in
charge of Dr. L. A. Bauer, who had previously been a member of the
staff of the U. S. Coast and Geodetic Survey. The successful prose-
cution of this department of the Survey was largely rendered possible
by the loan of the valuable magnetic instruments in the possession
of the U. S. Coast and Geodetic Survey. They were secured for the
state of Maryland through the courtesy of the Secretary of the
Treasury and the Superintendent of the U. 8. Coast and Geodetic
Survey.

Linden, Montgomery county, the temporary home of Dr. Bauer,
was selceted as the base station for the magnctic survey. This sta-
tion had the advantage of being situated in the centre of the area over
which the obscrvations were to be made, and was also within a few
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miles of the Washington Magnetie Observatory and the U. S.
Coast and Geodetic Survey office. It was planned to establish one,
and, where possible, two magnetic stations in each of the twenty-three
counties of the state. By December, forty-six localities had been
oceupied, the declination having been observed at thirty-cight stations,
the inclination at forty-six stations, the horizontal component at
thirty-nine stations, while these various elements were observed at
the base station on fourteen different days during the period. Six of
these localities had been previously occupied by the U. S. Coast and
Geodetie Survey. The average air-line distance between the stations
thus established averaged between twenty and twenty-five miles. The
full distance traveled by Dr. Bauer with his instrumental outfit in the
accomplishment of this work aggregated 2000 miles.

Another phase of the magnetie work was the establishment of
mieridian lines by codperation with the County Commissioners at the
several eounty seats. An act of the General Assembly passed at the
session of 1870 and codified in 1888, authorizes the County Commis-
sioners to establish at their county seats true meridian lines at the
expense of the several ecounties. The cost to the Survey for each
meridian line established and properly marked with granite posts and
dises was cstimated to be about $100. Each county was asked to
cooperate to the extent of $50. During 1896 but two eounties, Fred-
erick (Frederick) and Wicomieo (Salisbury) actually availed them-
selves of the opportunity offered, although most of them took the
matter up for consideration and nine more as a result ordered the
Survey to run the lines the following year.

GEOLOGICAL WORK.

The geological work of the Survey will be considered under the

three following heads, viz., preliminary work, areal work and economie
work.

Prelvminary Work.

Immediately upon the orgamization of the bureau a preliminary
survey of the state was started in order that some information con-
cerning all of the counties might be available to those making inquiries
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regarding the geology and mineral resourses of Maryland. The state
was divided into eonveunient divisions, a geologist with one or more
assistants being assigned to a section composed of several counties, in
which the geologieal conditions were more or less similar. In this
way every eounty was visited and information seeurcd regarding eaeh
industry that had to do with the mineral wealth of the state. A large
comparative eolleetion of minerals, roeks and fossils was secured that
has proved of much importance in the subsequent work of the Survey.
The intimate knowledge also obtained regarding eaeh mine, quarry
and pit has likewise been of great value. This work was partieipated
in by nearly all the members of the Survey, and was condueted under
the immediate personal supervision of the State Geologist.

Areal Work.

Detailed investigations of several of the many geologieal formations
found represented within the state were started before the close of
the first field season.

The State Geologist was direetly employed in a detailed study of
the eharacter and distribution of the Cretaeeous formations of the
eastern and southern eounties in eonjunction with Messrs. R. M. Bagg,
A. Bibbins, and G. B. Shattuck.  Dr. Bagg mapped provisionally
the distribution of the Upper Cretaceous formations in Kent and Anne
Arundel eounties, and Mr. Bibbins was engaged for a portion of the
sumimer in a reconnoissanee survey of the Lower Cretaceous deposits
in Anne Arundel eounty.

The codperation of Professors W J McGee of Washington, and
R. D. Salisbury of Chieago, was secured for a few weeks in a com-
parative study of the late Neoccne and Pleistocene formations of east-
ern aud southern Maryland. The Board of Public Works of the state
put the steamer Governor Thomas at the disposal of the party of
ceologists, which ineluded, in addition to the gentlemen above men-
tioned, the State Geologist, and Messrs. Bagg, Shattuck and Abbe.
The leading estuaries of the eastern shore of the Chesapeake Bay
from North East river to Pocomoke sound were visited, as well as the
Patuxent river on the western side of the bay. The resnlts of the
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eight-day trip were highly significant in bringing out many faects
regarding these obscurc formations which will be of value in their
more detailed investigation later.

Mr. Cleveland Abbe, Jr., spent several weeks in a study of the
physiography of the central and lower eastern counties during June
and July, before proceeding to the central counties later in the season.

Dr. E. B. Mathews began a study of the several types of erystal-
linc rocks in the Piedmont Platean area of Cecil county, and traced
their distribution southwestward into Harford county. He had as
assistants Messrs. C. R. Dirickson and G. W. Merritt. Some work
was also done by Professor J. A. Mitchell of Mt. St. Mary’s College,
Emmitsburg, upon the Triassic rocks of the Frederick valley.

In the Appalachian region Dr. A. C. Spencer began an investigation
of the geology of Allegany and Garrett counties with the assistance
of Messrs. C. C. O’Harra and A. C. McLaughlin, Later in the sea-
son, upon the withdrawal of Dr. Spencer, Mr. O’Harra was placed in
charge of the party. Considerable advance was made during the sum-
mer in the mapping of the region about Cumberland.

Economic Work.

The study of the economic geology of the state was primarily con-
sidered in the conduct of the preliminary survey, and also formed a
part of the areal work just described. At the same time a special
investigation of the building and decorative stones was early started
under the dircction of Professor George P. Merrill of the U. S. Na-
tional Museum. Dr. Mathews was associated with him in this work
from the beginning, and a thorough investigation of the central dis-
trict of the state was completed by him during the season. The work
accomplished afforded an admirable basis for the subsequent investi-
gations.

HYDROGRAPHIC WORK.

A study of the drainage basins of the Potomaec, Patuxent, Patapsco,
and Susquchanna rivers was commenced during the season of 1896
in coéperation with the U. 8. Gceological Survey, under the direction
of Mr. F. H. Newell, Chief of the Hydrographic Division of that
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bureau. Much of the expense of this work was borne directly by the
National Bureau, the Maryland State Weather Service and Maryland
Geological Survey aiding to a limited extent. The results derived
from this study will prove of much value to the health and indus-
trial interests of the state and will be continued, it is believed, with
constantly inereasing advantage to the people of Maryland.

STATISTICAL WORK.

It was considered desirable at the beginning of the investigations to
have as complete statistical information as possible regarding the vari-
ous industries dependent upon the mineral wealth of the state, and
with that object in view printed forms were prepared in which the
exact location of the industry, the amount and character of the min-
eral products produced in a raw and manufactured state, and other
facts of economie interest have been entered. This information, which
is annually collected, is regarded as entirely confidential, only county
and state totals being given to the public. The forms are kept on
file at the Survey office for the use of the scientific staff of the bureau
in the compilation of the economic reports.

OPERATIONS oF THE SURVEY DURrING 1897.

The work which had been so fully inaugurated along various lines
during the first season of the Survey’s operations was extended dur-
ing 1897. The first season had shown the possibilities of the work
and the more or less detailed examinations carried on in all parts of
the state had indicated the best fields for subsequent investigation.
Several new lines of study were inaugurated, however, before the
close of the second season, as new problems gradually presented them-
selves.

The following lines of work were undertaken during the season
of 1897:

TOPOGRAPHIC WORK.

The topographie work which was continued during 1897 under the
plan of codperation earlicr perfected with the U. S. Geological Sur-

vey, was carried on mainly in Allegany county, as the purpose of the
3
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Survey to publish at an early date a report upon the coal industry
rendered it necessary to provide at once for the requisite base maps.
‘With that object in view, the portions of Allegany county lying to
the west of Cumberland, and including the George’s creek coal basin,
were surveyed for publication npon the scale of one mile to an inch
(1:62500). This area will be comprised largely within the limits of
the Frostburg sheet of the U. S. Geological Survey. Portions of
northeastern Garrett county, as well as of adjoining parts of Penn-
sylvania and West Virginia, were included within the territory sur-
veyed during the summer. The work was conducted under the direc-
tion of Mr. H. M. Wilson and the actual field-work was done by Mr.
T. H. Wheat, Mr. H. C. Hall and their assistants.

MAGNETIC WORK.

The magnetic work was continued under the direction of Dr. L. A.
" Bauer, who had so successfully prosecuted his magnetic investigations
during the first field season of the Survey. Through the courtesy of
the U. S. Coast and Geodetic Survey, the apparatus which had been
loaned to the statc during 1896 was still retained in its possession,
an arrangement which greatly facilitated the continuance of the work.
During 1897 forty different localities were occupied and the various
clements determined. Four of thesc had been earlier occupied by the
U. S. Coast and Geodetic Survey. This made the total number of
new stations established by the Maryland Geological Survey up to the
close of 1897 aggregate scventy-six, while the number of old stations
established by the U. 8. Coast and Geodetic Survey and others aggre-
gated twenty-eight, making the total magnetic stations in Maryland
one hundred and four, or an average of one station to every onc hun-
dred and eighteen square miles of the total area of the state.

During 1897 ninc additional counties took advantage of the coéper-
ation offered by the Maryland Geological Survey to establish meridian
Jines at their county seats. These countics were Allegany (Cumber-
land), Baltimore (Towson), Charles (La Plata), Dorchester (Cam-
bridge), Garrett (Oakland), Harford (Bel Air), Kent (Chestertown),
Queen Anne’s (Centreville), and Talbot (Easton).
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WESTERN BOUNDARY SURVEY.

The determination of the Attornev-General of )\ aryland, Hon. H.
M. Clabaugh, to definitely establish the western boundary of the
state, gave the Maryland Geological Survey an exceptional opportunity
to render during the summier of 1897 an fmportant public service.
At the request of the Attorney-General, the State Geologist detailed
during August and September Dr. Bauer and Mr. MeIaughlin to the
Western Boundary Survey. Dr. Bauer became at once the recog-
nized scientific authority upon the state force, and performed all the
astronomical and magnetic work as well as the triangulation from the
beginning to the end of the survey. His services were indispensable
to the successful running of the line. A full account of the operations
of the survey has been prepared by Dr. Baner, and will be published
in a later volume. Mr. McLaughlin carried on his investigations
upon the geological structure of the distriet traversed by the Survey,
and was able to be of material assistance to the surveying party.

GEOLOGICAL WORK.

The geological work of the Survey during 1897 embraced the con-
tinunance of the areal and economic investigations already inaugurated
during the first ficld season.

Areal Work.

The areal work which had been started during 1896 was much
extended during 1897. The State Geologist was engaged during the
ficld season in conjunction with Messrs. R. M. Bagg and A. Bibbins in
a continuation of the study of the Cretaceous formations which had
been commenced during the previous summer. Much attention was
devoted to the Potomac group in connection with Mr., Bibbins, and a
classification of its several formations, as shown in Anne Arundel and
Prince George’s counties, was proposed. Dr. Bagg spent much of his
time in the preparation of provisional maps of central and southern
Anne Arundel county while Mr. Bibbins was chiefly engaged in the
area lying to the north and west of the former district.

Dr. Shattuck was occupied during the months of June and July in



36 ADMINISTRATIVE REPORT

a detailed survey of southern Ceeil county, devoting his attention
largely to the gravel formations about the head of the Chesapeake
Bay. Dr. Shattuck had associated with him as assistant Mr. Donald
Eversfield.

Dr. E. B. Mathews continued his investigations upon the crystalline
rocks of the Piedmont Plateau in the northern counties, but in the
absence of proper topographic maps the work was mainly of a pro-
visional nature. Mr. A. G. Leonard was engaged under Dr. Mathews
during September in a study of the relations of the basic eruptive
rocks of Cecil county to the granites.

Mr. Oleveland Abbe, Jr., spent the months of June and July in
the investigation of the physiographic features of the Piedmont dis-
triet, preparatory to a report upon that subject. Later in the season
Mr. Abbe spent several weeks in Allegany and Garrett counties.

The stratigraphic and paleontologic work in the Appalachian region
was carried on by Messrs. C. C. O’Harra, A. C. McLaughlin, and R.
B. Rowe. Mr. O’'Harra devoted the entire field season to a study of
the stratigraphy and structure of Allegany county, in which the coal
deposits of the George’s creck basin commanded careful attention.
Mr. O’Harra had associated with him as assistant Mr. J. Morrison
Harris. Mr. McLaughlin spent the summer in the investigation of
the geology of Garrett county and in tracing out the arcal distribution
of the extensive coal beds of that area. Mr. Rowe was engaged dur-
ing August and September in collecting and studying the fossils from
the various Paleozoic formations of western Maryland in a preliminary

way in order to aid Messrs. O'Harra and MecLaughlin in the deter-
mination of their horizons.

Economic Work.

The value of the various formations from an economic standpoint
was kept constantly in view in the determination of their areal dis-
tribution, so that a large amount of additional data was brought
together during the field season. The more special inves-
tigation of the building and decorative stones, commenced the pre-
vious year, was continued by Professor Merrill and Dr. Mathews, and
the work practically brought to a conclusion during the early months
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of the winter. DParticular attention was also given the same season
to the coal deposits of the western eounties of the state by Messrs.
O’Harra and MeLaughlin under the direetion of the State Geologist,
preparatory to a report upon that subjeet.

IIYDROGRAPIIIC WORK,

Hydrographic work was continued in Maryland during 1897 in
codperation with the U. S. Geologiecal Survey, under the direction
of Mr. Newell. A detailed survey was made of the Potomac basin,
while measurements were at the same time continued on the other
streams and several of their important branches. Mr. E. G. Paul
was especially detailed for the Maryland work by the Chief of the
Hydrographic Division of the Survey.

AGRICULTURAL WORK.

The elose relationship whiech is to-day recognized to exist between
the soils and the underlying geological formations, the former being
simply the residual products of the latter intermingled with greater
or less amounts of vegetable humus, has led the Survey to inaugurate
a systematie study of the soil types of Maryland in codperation with
the U. S. Department of Agriculture, under the direction of Pro-
fessor Milton Whitney, Chief of the Division of Soils. Mr. C. W.
Dorsey of the Maryland Agricultural Experiment Station and Mary-
land State Weather Service was engaged, under the supervision of
Professor Whitney, during the field season of 1897, in the study of
the soil types of Western Maryland. The results of this work will
be later incorporated in the county reports of this distriet which the
State Geological Survey has in preparation.

STATISTICAL WORK.

The statistical work inaugurated at the beginning of the Survey
was continued during 1897, practically complete returns from the
several industries being secured. By codperation with the U. S. Geo-
logieal Survey this information is annually brought together and pub-
lished, with the resnlt that the commercial conditions of thiose indus-
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tries dependent upon our several mincral produets are made available
at frequent intervals tc the publie.

GEOLOGICAL EXPEDITION.

The visit of the eminent British geologist, Sir Archibald Geikie,
Director-General of the Geological Surveys of Great Britain and Ire-
land, to Baltimore in April, 1897, was the oceasion for the organiza-
tion of an extended geological expedition through Maryland under
the auspices of the State Survey, the leading geologists of the United
States and. Canada being invited to participate. More than fifty
prominent geologists and mining experts, including the Director of
the U. 8. Geological Survey and several of his chief associates, many
State Geologists and Professors of Geology in our leading univer-
sities, accepted the invitation to take part in the expedition. Through
the kindness of the Board of Public Works and the presidents of the
leading railroad companies and mining corporations, transportation
and entertainment were furnished to the distinguished guests, who
were thus able to sec under advantageous circumstances the important
mineral wealth, both developed and undeveloped, which the state of
Maryland contains. Their appreciation of the courtesies extended to
them is evidenced by the following resolutions:

Barmimore, Mp., May 1, 1897.
To the Board of Commissioners of the Maryland Geological Survey,
and the State Geologist.

Gentlemen:—We have spent the last four days in a most interest-
ing inspection of Maryland geology under conditions which your hos-
pitable forethought has made peculiarly favorable. Our appreciation
of the provisions made for the comfort of the party is keen, and our
enjoyment of the excursion has been all that you could have wished it.

Tn twice traversing the state of Maryland an opportunity has been
afforded us of observing its mineral wealth and of coming in contact
with a wide range of phenomena illustrative of many of the aspects
of geology. The ficld is rich; and it affords opportunities for inquiries
which may add honor and profit to the commonwealth, contributing
at the same time to the sum of human knowledge. The exploitation
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of these opportunities will be safe under your guidance and we wish
you a speedy success.
Thanking you for a very enjoyable and instructive experience, we

are,

Sincerely yours,

F. D. Adams, McGill College, Montreal.
Cleveland Abbe, Jr., Western Maryland College.
R. M. Bagg, Colorado College.
W. S. Bayley, Colby University.
F. Bascom, Bryn Mawr College.
George I. Becker, U. S. Geological Survey.
L. A. Bauer, University of Cincinnati.
J. M. Clarke, Assistant State Geologist of New York.
Samuel Calvin, State Geologist of Iowa.
N. H. Darton, U. S. Geological Survey.
J. S. Diller, ¥ L0 L
C. W, Dorsey, U. S. Department of Agriculture.
S. F. Emmons, U. 8. Geological Survey.
0. L. Fassig, U. S. Weather Bureau.
Archibald Geikie, London, England.
L. C. Glenn, North Carolina.
R. T. Hill, U. S. Geological Survey.
. B. Hoen, Baltimore.
A. Holmes, State Geologist of North Carolina.
. W. Hayes, U. S. Geological Survey.
. C. Hartzell, South Carolina.
. V. d’Invilliers, State Geologist of Pennsylvania.
Lyman C. Josephs, Newport, RR. 1.
Arthur Keith, U, 8. Geological Survey.
J. . Kemp, Columbia University.
F. I’. King, Portland, Maine.
E. Kirkbridge, Bryn Mawr College.
E. C. E. Lord, Washington, D. C.
F. J. 1. Merrill, State Museum, Albany.
W. J. McGee, U. S. Bureau of Iithnology.
S. W. McCallie, Assistant State Geologist of Georgia.
E. B. Mathews, Johns Hopkins University.
J. A. Mitchell, Mt. St. Mary’s College, Maryland.
F. H. Newell, U. 8. Geological Survey.
W. H. Niles, Massachusetts Institute of Technology.
Edw. Orton, State Geologist of Ohio.
C. C. O’ITarra, South Dakota School of Mines.
J. W, Powell, Bureau of American Jthnology.
L. V. Pirsson, Yale University.
F. B. Pcck, Lafayette College.
Heinrich Ries, Cornell University.
Harry Ticlding Reid, Johns Hopkins University.
R. D. Salisbury, University of Chicago.
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. C. Spencer, U. 8. Geological Survey.

. W. Stanton, ¢ “ &«

. O. Smith, “ & “

. W. Stose, - i -
Stanley-Brown, Washington, D. C.

. B. Shattuck, Johns Hopkins University.
Chas. R. Van Hise, University of Wisconsin.
Lester F. Ward, U. 8. Geological Survey.

H. S. Williams, Yale University.

Charles D. Walcott, Director U. S. Geological Survey.
T. G. White, Columbia University.

I. C. White, Morgantown, W. Va,

Bailey Willis, U. S. Geological Survey.

QHOO S

President Gilman, the Executor Officer of the Survey, and Profes-
sor Clark, the State Geologist, accompanied the expcdition. The
party was met at Cumberland by Governor Lowndes, the President
of the Survey Commission, who gave a reception in honor of Sir
Archibald Geikie and the visiting geologists, to which the leading
citizens of Western Maryland were invited. A banquet was also
given to the party at Frostburg by Mr. C. K. Lord, President of the
Consolidation Coal Company. The officers of the Baltimore and Ohio,
‘Western Maryland, and Cumberland and Pennsylvania Railroads did
everything in their power to make the expedition a suceess. By the
courtesy of the Board of Public Works one day was spent in an ex-
cursion on the state steamboat Governor McLane to Calvert Cliffs.

PUBLICATIONS.

The first volume of the Survey reports was brought out in July,
1897, a preliminary publieation of portions of it having been made
during the previous April on the oceasion of the geological expedition
above deseribed. This first volume contains a preliminary statement
regarding the resourccs of the state and is regarded as introductory
to the subsequent reports of the Survey. The book has been most
favorably commented on by secientific journals at home and abroad,
and its value in disseminating knowledge regarding our natural re-
sources has been elearly demonstrated.

AppimoNarn LucisLaTioN.

The results attained by the Maryland Geological Survey during
the first two years of its existence caused the people of the state,
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through their duly eclected representatives at the Gencral Assembly
of 1898, to continuc the appropriations for geological work for the
sueceeding two years. Legislation for the extecnsion of the topo-
graphie survey and the investigation of the question of highway con-
struction was also enacted by the General Assembly, in each instance
the authority for the conduct of the work being vested in the Geo-
logieal Survey Commission. The following bills were presented and
passed by the General Assembly of 189S and subsequently received
the signature of the Governor:

TOPOGRAPHIC BILL.

The bill authorizing the extension of the topographic survey is
entitled:

An Act to provide for the making of topographic maps and for
the publication of reports of the State Geological and Economic Sur-
vey, and to make an appropriation therefor.’

Seetion 1. Be 1t enacted by the General Assembly of Maryland, That
the Commission established by the Aet of the General Assembly of
Maryland at the session of 1896, chapter 51, be and the same is
hereby authorized to make provision for the completion of the topo-
graphic survey of Maryland in such manner as in the opinion of the
Commission will be of the greatest benefit to the agricultural, indus-
trial, geological and military requirements of the State of Maryland.

Sec. 2. And be it further enacted, That the said Commission be
and the same is hereby authorized to publish speeial reports dealing
with the various mineral products and with the natural resources of
cach county of the State of Maryland.

Sec. 3. And for the purpose of carrying out the provisions of this
Act be it further enacted, that the sum of five thousand dollars an-
nually, in addition to the amount appropriated by the Act of the
General Assembly of Maryland at the session of 1896, chapter 51, or
so much thercof as may be necessary, be and the same is hereby
appropriated, out of any funds in the treasury not otherwise appro-
priated, and the said amount be drawn from the treasury by the said
Commission in the same manner as the other funds of the survey.

Laws of Maryland, 1898, Chapter 129.
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See. 4. And be 1t further enacted, That this Act shall take effect
from the date of its passage.

This bill was introduced in the Senate February 2, was passed by
that body upon February 16, by the House upon March 17, and

received the signature of the Governor April 2.

HIGHWAY BILL.

The bill authorizing the investigation of the question of highway
eonstruetion is entitled:

An Aect to confer additional powers upon the Commission estab-
lished by the Act of the General Assembly at the session of 1896,
Chapter 51, by providing for the investigation of the question of road
construction in this State, and for the preparation of reports thercon,
and to make an appropriation therefor.'

Section 1. Be it enacted by the General Assembly of Maryland, That
the commission established by the Act of the General Assembly, at
the session of 1896, chapter 51, be and the same is hereby authorized
to make provision for the investigation of the question of road con-
struetion in Maryland.

Sce. 2. And be 1t enacted, That the said commission be and the
same is hereby authorized to appoint, under the direction of the
superintendent of the survey, such assistants and other employes as
they shall deem necessary, and the said commission shall also deter-
mine the compensation of all persons employed, and may remove
them at pleasure. '

See. 3. And be it enacted, That the said commission shall see that
proper investigation is made of the condition of the roads in this
State, and of the best mcans of improving the same, together with
a study of the classifieation and distribution of the road building ma-
terials in the several counties.

See. 4. And be it enacted, That the said commission shall see that
a report upon the state of the roads and the best method of improving,
constructing and maintaining the same, with estimates of costs, ex-
penses and plans, be submitted at the next session of the Legislature,

*Laws of Maryland, 1898, Chapter 454.
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and that special reports be prepared at such times as they are deemed
necessary.

Sec. 5. And be it enacted, That the said commission shall see that
record is kept of all its proceedings, and of all the moneys received
and spent under its direction, and for what purposes; which record
and account shall be submitted to the said commission at the semi-
annual meetings of the same to take place in March and November,
such records and accounts to be always open to the inspection of any
committce which the Legislature may appoint.

Sce. 6. And be it enacted, That all moneys paid out on account of
this work shall be paid by the State Treasurer upon the order of the
executive officer of the commission, endorsed by the Comptroller.

Sce. 7. And be it enacted, That the sum of ten thousand dollars an-
nually, or so much thereof as may be necessary, be and the same
is hereby appropriated out of any money in the treasury not other-
wise appropriated, for the purpose of carrying out the provisions of
this Aect.

Sce. 8. And be it further enacted, That this Act shall take effect
upon the date of its passage.

This bill was introduced in the House February 24, was passed
by that body upon April 1, by the Senate April 4, and received the
signature of the Governor April 9.
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THE PHYSICAL, CHEMICAL, AND ECONOMIC
PROPERTIES OF BUILDING STONES

BY
- GEORGE P. MERRILL

GENERAL CONSIDERATIONS.

There are, in Maryland, four general elasses of stone possessing such
natural qualities as to make them available for constructive as well as
ornamental purposes. These four are (1) the granites and gneisses,
(2) the ecommon limestones and dolomites; the marbles (crystalline
limestones and dolomites); (3) the sandstones and conglomerates, and
(4) the argillites or slates. In addition to these there are certain basie
cruptive rocks used locally for purposes of rough comstruction, and
other altered forms of eruptive rocks like the serpentines, which in
some instanees are of such color and texture as to render them of value
as verdantique marbles. The individual characteristics of each of
these groups will be taken up in detail later; in this preliminary
chapter we will dwell rather on their geographic distribution in the
state; and sinee this is due to geological causes, we will touch first
upon the matter of their origin and the ageneies which have been
instrnmental in making them aecessible.

CLASSIFICATION.

From a geologieal standpoint all those rock types mentioned above
may be classed as (1) eruptives, (2) elastie sedimentaries, and (3) meta-
morphies. The first include only those types which, like granite and
the gabbros, have resulted from the crystallization, and subsequent
exposure through erosion, of molten matter foreed up into overlying
strata. The second includes those rocks made up either of fragments
of older, pre-existing rocks, or of calearcous materials derived from the
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shells and stony skeletons of mollusks, corals and other lime-secreting
mariue animals. They are in short indurated beds of elay, sand,
gravel or ealearcous mud whieh have been deposited on anecient sea-
bottoms. The third group eomprises roecks of both the first and
seccond, which have Dbeen changed from their original econdition
through proeesses known as metamorphie, and which usually aecom-
pany such foldings of the earth’s erust as are incidental to the pro-
duetion of mountain chains.

Diversity oF REsourcEs.

Suel: being the case it is evident at onee that the more diversified
the landseape by hills and valleys, the greater will probably be the
variety of iaterials. In regions abounding with mountain chains

Fre. 1.—Ideal tigurc showing structure of the earth’s crust (after U. 8. G. 8.).

we may look for a greater variety of materials than in the level plains.
This not merely beeause sueh have here been formed, but beeause
through uplift and erosion they have been made aceessible.

By reference to a map of the United States it will be seen that the
state of Maryland, in an east and west direction, stretches almost
entirely aeross the Appalachian Mountain System. It oceupies sueh
a position with referenee to this uplift and the less disturbed areas
to the east and west as to lead us to expeet a great diversity of mater-
ials even had not actual exploitation already shown them to exist.

There is indeed probably no state in the American Union of the same
area, that ean be made to show a greater diversity in geologiecal
resourees.
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Grorogicar, CoNDITIONS.

In order to gain a satisfactory idea of the relationship of these
various eclasses of rocks, let us consider for a moment the diagram
given below.

FORMATION AND PRLESENT POSITION.

The oldest rocks of which we have knowledge, and which secem to
form the floor upon which have been built up all those sinec formed,
are rocks of the gneissic and granitoid group. These, through super-
fieial disintegration and decomposition, have yielded silts, sands and
gravels, which earried by stream action to the seas have been spread
out in approximately horizontal laycrs to be once more eonsolidated
into stony matter, and perhaps in part metamorphosed, as will be
deseribed later. Such being their method of formation, it is easy
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Fi6. 2.—Generalized section from Sugar Loaf Mountain to North Mountain
(after Williams).

to see that these later formed rocks would naturally lie in parallel
beds, the oldest, or first formed, on the bottom and the youngest at
the top. And as the character of the material forming these sedi-
ments differed from time to timne, both in texture and in chemical com-
position, sometimes being mere elay, sometimes sand, gravel, or
calearcous matter, so it will be perceived these beds may differ, and
we may have in the same horizontal series, sandstones, shales, lime-
stones, slates and conglomerates. The character, thickness and lat-
eral extent of such beds, vary almost indefinitely. As a rule, the
beds of conglomerate are the least extensive, while the sandstones,
limestones and shales may cover areas of many square miles.

That these beds of stratified, or sedimentary rocks as they are
called, are not in all eases still lying horizontally, the oldest deeply
buried and inaccessible, is due to the folding and faulting to which

they have been subjeeted ineidental to the formation of the Appal-
4
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achian Mountains. Their present position is shown in Fig. 2, which
represents an actual section across the State betwecen Sugar Loaf
Mountain and North Mountain.

Accompanying this uplifting there were in many instances large
quantities of igncoms rocks forced between the older strata, or into
the rifts and fissures by which they were traversed, or in the form of
immense domeshaped masses beneath folds, as shown at R in the
section. These cooled to form trappean rocks, diabases, peridotites
and in some cases granites.

But the uplifting was productive of other effects than that of
merely rendering accessible. As is well known, pressure generates
heat and heat accclerates chemical action. A series of chemical pro-
cesses was thereby set in motion which resulted in a more or less com-
plete change in the structurc and gencral textural features of the rocks,
as well as, in some cascs, in color and in composition. Through these
agencies many of the beds of limestone beeame converted into mar-
bles, the sandstones into schists and the argillites into cleavable slates,
suitable for roofing purposes.

In some instances this uplifting and metamorphism has gone on to
such an extent as to practically ruin the stone for commercial pur-
poses. The reader can perhaps best gain an idea of what has occurred
by taking a pile of writing paper or an ordinary magazine or paper-
covered book, a half inch or more in thickness, and by pressing against
the back and edges and throwing it into a /_\ \ shaped fold.
By making first a pencil line directly across / /\\ the edges at
the end, it will be observed that, after the folding, this line is no
longer at right angles with the leaves, but cuts diagonally across
them at an angle dependent upon the amount of folding. This
means, of course, that the shcets of paper have moved over one
another slightly. Now fancy that each sheet of paper, or page of
the book, as the case may be, represents a bed of stone, from a frac-
tion of an inch to it may be several feet in thickness, and that all is
weighted down by overlying rocks to such extent that the simple slip-
ping of the beds one over the other as with the paper becomes a
matter of great difficulty. When then the folding takes place, it is
accompanied by more or less crushing and fracturing, and lines of
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weakness, if not absolute rifts, are opened. Moreover, if the beds
do not slip but remain themselves approximately stationary with
relation to one another, it will readily be scen that those in the
upper part of the fold will be subjected to a stretching process, per-
haps even to the point of fracturing, while those in the lower portion
will be correspondingly squeczed and crushed as shown in the figure.
Between these two extremes will be a zone practically unaffected,
and known to geologists as the zone of no strain. Now it is obvious
that the condition of the material to be found in one of these folded
areas will depend upon what portion of the fold is aceessible. If
crosion has exposed the materials in the zone of no strain (4 € B)

F16. 3.—Folded rocks (after Van Hise).

it may be good, but if only the superficial beds (D) or the very lowest
(E) are accessible, the materials may be all so seriously shattered as
to be full of joints, dry seams and other defects, so as to render
the production of blocks of large size an impossibility. Small sam-
ples of great beauty may be found in abundance, but the beds as a
whole are worthless. This condition of affairs actually exists in
many parts of Maryland and Virginia, and in the latter state con-
siderable sums of money have in one instance at least been lost in
attempting to develop a quarry.

VARIABILITY IN COMPOSITION AND STRUCTURE.
There are other geological features which are of importance to the

quarryman.
Stones which were laid down as sediments on seabottoms are more
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variable both in composition and structure than are those of eruptive
origin.  This for the reason that the character of the sediments depos-
ited, from time to time, vary. We may thus have in the same vertical
section rocks varying from conglomerates to sandstones, layers of
sandstone alternating with shale or with limestone. Sound, firm beds
of desirable material may be scparated from one another by layers
of shale which are absolutely worthless; beds of white homogencous
marble may be interbedded with impure layers carrying pyrite and
micaceous mincrals which wholly ruin it for commereial purposes.
In quarrying, all these maiters have to be taken into consideration,
since, as waste products they must be removed, and the proportions
cxisting between such and the merchantable stone may be the sole
factor in deciding whether any quarry can or cannot be worked sue-
cessfully.

Again, the amount of tilting and erushing beds have undergone
during the process of uplifting is an important item. If the beds lie
nearly horizontally and quarrying is commenced upon the upper beds,
1t is obvions that only one grade of material can be produced at a
time. Iach layer, as it is passed through successively, as the quarry
increases in depth, yiclds its own grade of material which may or
may not agree with that above or below. This is the case in the
quarries of brown sandstone in Connecticut. When a quarry is
opened in a hillside, or ravine, where a number of beds have been
exposed through erosion, or on the upturned edge of beds steeply in-
clined as in the sketeh, it is obvious that the quarry may at the same
time be producing a great variety of materials. Some of the marble
quarries of Vermont, for instance, which are opened on sueh upturned
edges, produce from the varions beds which are being worked simul-
taneously, marbles of pure white, clouded, dark veined, light water
blue and dark blnish or greenish tints, the colors being dependent
upon the amonnt and character of the immpurities in the original sedi-
ments.

POSITION OF BEDS AND EXPENSE OF QUARRYING.

The position of the beds has, further, an important bearing on the
cost of quarrying. Tt is self-evident that where the beds lie almost
horizontally, and quarrying is resolved into merely cutting through
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one bed after the other, as in the sand and limestone quarries of the
upper Mississippi valley. The work can be carried on comparatively
cheaply, provided that there is not too much preliminary stripping
(Plate IV, Fig. 1). When, however, the beds stand at high angle,
or arc exposed only in a hillside, quarrying must be carried on either
on a highly inclined floor, as in the quarries of gneiss north and west
of Baltimore, or dircetly across the cdge of beds, whereby considerable
extra trouble and expense are involved.

THICKNESS OF BEDS.

In looking for new quarry sites, the geological structure of the
country should always be taken into consideration. When the beds

F16. 5.—Diagram showing relation between thickness and exposure of beds.

lie horizontally it is obvious that the character of any but the upper—
most beds can be ascertained only by investigation in hillsides and
along the banks of ravines. Where they are highly inelined, it is
in many instances sufficient to explore superficially along a line at
right angles with the lateral extension, or strike of the beds, as it is
technically called, that is to say, to follow along the line A B in Fig. 5.

The character of the various beds exposcd ean thus be ascertained,
and when one sufficiently promising is found, its extent can be best
made out by following it out along the line of strike.

Since the actual thickness of a bed of stone may be a matter of
importance, it may be well to state how this can be best ascertained.
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1t is obvious that with beds inclined as in the figure, the width of
exposure on the immediate surface is vastly greater than that of the
true thickness of the bed itself. In such cases the apparent thickness
is greater the smaller the amount of inelination. .

Sir Archibald Geikie, is his Text Book of Geology, gives the fol-
lowing general rule to be followed when the inclination is less than
45°, and it is in such cases that the greatest diserepancies exist. The
real thickness of an inclined strata, or bed, may be taken to be 1/12
of its apparent thickness for every five degrees of dip. That is, if,
as in the sketch we have a series of beds outeropping on the surface
along the line A B and dipping as shown, to the right, at an angle
of 15°, the actual thickness of one of the beds, X ¥, will not be the
distance—say 100 fect—measured between these points, but 1/12 of
100 multiplied by 3, or 25 feet.

The amount of dip which beds may have and the character of the
overlying rock should receive careful consideration before quarrying
is commenced. In the case shown in the figure, if X —Y is the
workable bed, it is evident at once that the quarry must sometime
cease to be an open cut, and must then be followed underground. If
the overlying rock forming the roof is sound and strong, this can be
done with comparative safety by leaving oceasional pillars for support.
But if of a weak, or friable nature, it must be continually
removed by stripping, thus increasing the cost. It is fortunate that
in the majority of cases the amount of arca exposed on the immiediate
surface is so large that it is not necessary to follow the beds to great
depths, though in Vermont some of the marble quarries are cven now
over 200 feet in depth and partake more of the nature of mines than
quarries, as the word is commonly understood. Naturally such deep
quarries are much more expensive to work since not only must the
cost of hoisting both merchantable material and waste be very con-
siderable, but steam pumps must be continually at work to carry off
the water which would otherwise collect to & depth of very many
feet, even filling the entire quarry to within a few fect of the surface.

BEDDING AND JOINTING.

Among the unaltered eruptive rocks there is a total absence of
bedding planes or other like structural features, the rocks being homno-



56 THE BUILDING AND DECORATIVE STONES

geneous and capable of being worked with almost equal facility in
any direction, presenting on all sides the same appearance. Such do,
it is true, have two definite directions at right angles with onc another,
along which they can be relied to split most readily. These arc
known as rift and grain, and though wholly inconspicuous to the
ordinary observer, are readily detected by an experienced stone cutter.
Bedded and stratified rocks, on' the other hand, almost invariably
present readily recognizable structural features. It rarely happeus
that an unaltered or even metamorphosed sedimentary rock is of
such uniform composition that the lines of bedding, the original
lines of deposition, are not casily traced. . Along these the rock will
split more easily than across them. Such lines when too pronounced
may be a great detriment, not merely as concerns appearances, but
what is of more importance, as affecting the weathering qualitics of
the stone also.

Such stone, when used in ashlar work, arc often sawn or split
parallel with the bedding, since not merely can the work be done in
this manner at less cost, but a face of more uniform color and texture
is thus obtained. That the custom is open to serious objection is noted
in another chapter (p. 93).

Joints in rocks are matters of interest for still other reasons than
those noted above, since upon their character and abnndance is largely
dependent the size and shape of blocks that may be extracted. To
illustrate this point more fully: Plate IV, Fig. 2, shows a quarry in
which the rock is traversed by a series of nearly horizontal joints so
strongly developed that very little labor is necessary to free the sheets
one from another. Large, flat blocks, with beautifully fresh and even
surfaces that can be cut up to any desired size, even to sizes too large
for transportation, can thus be readily and cheaply obtained. Such
quarries will furnish blocks for building, for monumental work, for
monolithic columns or for any purpose to which the rock is lithologi-
cally fitted. In other cases, where it may be these horizontal, or
bottom joints, as they are called, are equally well developed, there
exists a second series of vertical Joints running at right angles with
the first. Such necessarily limit the length or breadth of the blocks
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Fi16. 1.—HORIZONTAL BLDS.

F16. 2.—PROMINENT ‘' BEDDING 7’ JOINTS.
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obtainable. These quarries are best suited for the produetion of
ordinary building and monumental material, and are commonly spoken
of as block quarries in distinetion froin the sheet quarries above noted.

It is obvious that in either of the cases above noted, the joints,
provided they are not too near together, and not diseolored by sap,
are of positive benefit to the quarries. It is possible, however, that
owing to their abundanee and to the angle at which they eut each
other they may be decidedly detrimental or even ruin for arehitectural
work what might otherwise be a good quarry. In the view shown
in Plate V, ¥ig. 1, we have a quarry traversed by at least three sets
of very conspicuous joints cutting each other at sharp and obtuse
angles. The result is that natural blocks, though easily obtained,
are of limited size and of such irregular shape that every one must be
plugged or otherwise squared and dressed down before it is available.
A quarry thus jointed eannot eompete in the production of blocks
of preseribed size with such as are described above, but ean be worked
economieally only for random rubble, or for square blocks where
so situated as to have particularly favorable faecilities in the way of
extraetion and transportation.

Errrcrs oF WEATHERING AND ERosiox.

Al roeks, without exception, when exposed for a sufficient length
of time to the atmosphere, undergo a proeess of disintegration and
decomposition, or weathering, as it is commonly ecalled, whereby they
become eonverted superfieially it may be into sand, gravel and elay,
and on the immediate surface into soil. This proeess of degeneration,
which will be deseribed in detail later, has been going on throughout
the many thousands of years which have elapsed sinee the rocks were
raised above the oeean level, and still continues. No portion of the
land areas have escaped. By its means, accompanied by the erosive
action of running water and of glacial ice, many hundreds and even
thousands of feet in vertical thickness of material have been removed
from the land areas, and ecarried seaward. The soil itself is but a
transitory phase of this weathering process, being eontinually removed
above by the water of rains, and renewed below by further deeay of
the underlying rock. Where the erosive action of water and of ice
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has not been too excessive, there exists a blanket of varying thickness
of this rotten material overlying the still sound roek, into which, in
many a deep cutting, it may be seen to pass by imperceptible grada-
tions. The fact that all portions of the land are mot alike eovered
by this blanket of soil, clay, sand and gravel, is due to the unequal
erosion mentioned above. At a comparatively recent geological
period the condition of affairs now existing in Northern Greenland
prevailed all over New England, Neéw York and portions of Pennsyl-
Vania, and a large portion of the Central States north of the Ohio
and east of the Mississippi River. Huge glaeial ice sheets, in some
cases thousands of feet in thiekness, buried the land, and, travelling
slowly southward and westward, plowed down through this rotten
material, or dragged and pushed it along, even grinding into the hard
fresh rock as a workman with file and plane would cut down through
the diseolored and rotten matter on the surface of a piece of timber
411 the sound fresh wood was reached. The result is of more than
theoretical interest. Throughout the glaeiated areas, and partieularly
along the New England Coast the rocks are found to-day hard and
fresh to the very surface, as shown in Plate V, Fig. 2, neeessitating no
stripping, and seareely any preliminary work prior to the quarrying of
merchantable material. The imniediate surface, for the depth, it
may be, of but the fraction of an inch, is slightly deadened or dis-
ecolored. Below this the stone is strong, elear and durable. In the
regions beyond the limit of the glaeial aetion, however, the roeks are
still ecovered with the mantle of debris, excepting so far as removed
by water. But as the crosive power of water is so mueh less than
that of ice, so here we find the sound stone covered by a mantle of
from one to many fect of earthy and diseolored material whieh must
all be removed before actual quarrying operations ean eonnmenee.
Fven when sound roek is struek it often occurs for a time only in
bowlder-like masses, owing to the penetration of the deeay most
deeply along pre-existing joint planes. This eondition of affairs is
shown in Plate XIV, Fig. 1. The same condition exists, often in a
more cxaggerated form throughout the Southern States, as in the
marble regions of Tennessee, and to it is due the prevalent idea that
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the stone here does not oceur in true beds, but only in “bowlder

formations.” When apparently fresh stone is found on the immediate
surface, it is often weakened through a loss of cohesion between its
particles by the expansion and contraction of ordinary temperatures.
This is partieularly true of the granitic rocks.

These facts are dwelt upon here in detail, since they must always
be taken into consideration in the opening of new quarries. It is
due to such eauses in part that the'northern quarriers are enabled to
compete so suecessfully in the markets of Washington and Baltimore
with those nearer at hand. Cheaper transportation by water and
ready accessibility to shipping points are, however, important factors,
though the advantages thus gained are in part offset by a more rigorous
climate, whereby actual quarrying operations must be limited to the
warmer scason of the year only.

WARRION MIDGE

F16. 6.—Section across Western Maryland showing restored folds.

In all this discussion, it is well to remember that the natural sur-
face of the earth is undergoing constant change through crosion and
deposition. Every rainfall and running stream earries from the higher
to the lower levels more or less rock detritus, a part of which is even
transported to the sea, to be permanently lost from the present land
areas. In short, the surface is being constantly lowered, and deeper
lying roeks are successively exposed. Just how much the surface
has been lowered in bringing about the present condition of affairs, it
is perhaps hard to say. 'What might at one time have been the land
surface had no crosion taken place, may be shown in the accompa-
nying section across western Maryland through Warrior Ridge and
Nicholas mountain in Allegany county. In this scetion the continu-
ous lines represent, so far as is possible on so small a seale, the present
land surface, while the dotted lines indicate the portions that have
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been eroded away. Where would have been hills are valleys now,
and in regions where but for crosion would have been found monoto-
nous stretches of sand or limestone, each covered by its layer of soil,
are now accessible by means of their upturned edges, beds of a great
variety of colors, texture and composition belonging it may be to
widely different geological horizons.

It may be remarked here that the character of the material on the
immediate surface, is not always a sure indication of that which is to
be found beneath. This is due to the variability in weathering quali-
ties displaved by rocks of different kinds, a matter which is dwelt
upon in some detail in the following pages.

Such imperfections as dry scams and joints in rocks are invariably
more conspicuous in the superfieial portion of the quarries, than at
greater depths simply through the mechanical action of heat and
frost or the decomposing action of water. On the surface such may
manifest themselves in the form of open cracks, and lines of discolor-
ation, which perhaps wholly disappear or become inconspicuous at
comparatively slight depths. It must be remembered, however, that
the absence of these defeets does not neeessarily carry with it an
absence of such tendencies as shall cause them to develop under favor-
able conditions. The writer has in mind a quarry in a more northern
state in which on the immediate surface the stone was to be had
only in comparatively small, angular blocks owing to the presence of
innumerable sharp open joints. At a depth of perhaps 20 feet the
open joints had disappeared, and apparently sound blocks of almost
any size were obtainable. Careful examination of thesec blocks,
however, revealed the presence of sharp, straight lines, as fine as a
pen scrateh, each one of which would correspond to an open joint on
the surface, but which so long as protected from hcat and frost,
remained quite inconspicuous. It is safe to say that in no case can
joints, which are conspicuous as such on the surface, be relied upon to
disappear entirely at any depth likely to be reached by quarrying
operations. They are a produet of deep-seated agencies, and extend
to depths which so far as practical quarrying is concerned might as
well be without limit.




MARYLAND GEOLOGICAYL, SURVEY 61

The solution, diseoloration, and decomposition which goes on along
sueh joint planes and lines of weakness may however cease to be
appreciable or important at depths eomparatively insignifieant. The
ferrnginous diseoloration, or so called “sap,” which is frequently
fonnd penetrating blocks of stone, particularly of granite, for an inch
or more along these joints, is due merely to the decomposing action
of percolating water, and below the permanent water level, may quite
disappear. Once removed from the quarry bed and placed in the
walls of a building, the conditions are so changed that there is no
probability of this form of staining making its appearance execpting
where, it may be, the roek earries appreeiable quantities of iron sul-
phides (see p. 91). In caleareous rocks, the presence of joints is
often exaggerated through the solvent action of water, which pereolat-
ing downward carries away the material in solution. Jointed beds
of marble may therefore, on and near the surface, be reduced to dis-
couneeted bowlder-like masses, as is somnetimes the case in the marble
regions of Tennessee. The extent to which such solution has gonc on
is ever variable, sometimes to a depth beyond the limits of practical
quarrying, and sometimes to but the depth of a few feet below the
surface. In some eases, even within the limits of Maryland, com-
paratively thin beds of what was otherwise a most beautiful marble,
have been so eaten out by this solvent action as to leave only a frac-
tional part of the original material. Here and there may be found
outerops of very promising stone, but when the beds are traced along
for very short distanees they are found quite obliterated. To illus-
trate this point more fully:—The writer was called on not long ago
for an opinion relative to the probability of an undeveloped quarry
being able to furnish snfficient material of a certain grade to warrant
the letting of a contract. On examination, there was found in one
locality, and almost on the immediate surfaee, a bed some two feet in
thickness of a beautiful fine white, almost translueent arble. This
dipped at a low angle beneath the surfaee soil and to the inexperieneed
observer might, and did scem very promising. On eareful inspeetion,
however, sueh an inspeetion as could be made only by one aequainted
with the geologieal strueture of the eountry and the action of the
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atmosphere on roeks of this class, it was discovered that, on all sides,
everywhere indeed within reach of practical quarrying operations,
this bed had become almost entirely dissolved away, leaving only here
and there small areas too insignificant to be worthy of consideration.
By exploring along a deep trench that had becn opened across the
face of the bed, it was discovered, too, that the lower beds were not
only quite siliceous and hard but variable in color and often carried
the deleterions material pyrite. In short, all of the material of any
value that the quarry could be relied upon to produce was the small
amount actually in sight, aggregating at most but a few thousand
cubic fect. Unfortunately the ©practical ” quarryman was in this
casc unwilling to accept the conclusions of the geologist and persisted
in attempting to develop a quarry, only to discover when too late that
he was wrong and that both his money and his energics had been
wasted.

As a general rule the solvent and decomposing action of water goes
on most rapidly in the softest and weakest portion of the rock, so that
the residual bowlder-like masscs may represent the better quality of
the material. Excepting then that nature’s method is extremely
wasteful such results can be considered as scarcely detrimental. A
quarry under such conditions may be actually producing a better,
more uniform class of material, than one which has escaped solution
altogether.

In making search for new loealities for opening quarries, it is
always well to note the manner in which the individual beds have
weathered. The soundest and best will as a rule be found standing
out in relief while the more perishable have crumbled away.

All stone as it lies in the ground contains a certain amount of
interstitial water, which holds in solntion more or less mincral matter.
This is commonly known as quarry watcr. When stones are re-
moved from the quarry bed, this water is drawn to the surface and
evaporated, leaving its mineral matter to serve as a ccment to bind
the grains together. A superficial induration or hardening thus takes
place. This phenomenon has becn long since recognized by quarry-
men, though the cause of the same has not been generally known.
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Fi6. 2.—GLACIAL STRIPI’ED QUARRY.
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That a stone is soft when first quarried and hardens on exposure, is
one of the commonest arguments used by quarriers with reference to
their material, though they fail to remember that such induration may
be temporary, and the rock in time crumble in spite of it. Sand-
stones are peculiarly liable to such induration, even in exposed ont-
crops in the quarry bed, so that casual inspection will give quite erro-
neous ideas as to the actual quality of the stone. A slight change
in color, from the surface downward, is also a not infrequent occur-
rence, as is noted in the chapter on Weathering (p. 90).

Coror or Rocks.

The subject of the color of a rock, when first quarried, after pro-
longed exposure, and after working is one that should be briefly con-
sidered. Among siliccous crystalline rocks the colors are due mainly
to the presence of colored minerals, or to the physical condition of the
feldspars. Thus the gray color of granites is due largely to an
admixture of white feldspars and black mica or hornblende; the red
colors to red feldspars; the dark greenish, sometimes almost black
colors to eclear pellucid feldspars, and the white, to white feldspars.
The dark colors of the diabases and the gabbros are due to the pellucid
feldspars and the dark pyroxenes they carry. Pure limestones and
dolomites are white simply hecause that is the ¢olor of the caleite or
dolomite which forms their chief constituent. The dark color com-
mon in this class of rocks is due as a rule to the presence of carbon-
aceous natter; the red, to iron oxides, though the pink and red colors
of some of the onyx marbles seem to be due in part also to organic
matter. The red, brown and yellow colors of saudstones are due to
iron oxides. The changes in color which these rocks are likely to
undergo, on exposure, are noted in the remarks on rock-weathering,
It may not be out of place to state here, however, that nearly any
feldspathie rock is likely to become lighter in color during the incip-
lent stages of weathering owing to the opening up of the cleavage
planes in the feldspars. It is for this same reason that the hammered
surface of one of these rocks is of a lighter color than the natural rock
face or polished surface. The impact of the hammer breaks up the
granules on the immediate surface so that the light falling upon it
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is reflected, instead of absorbed, and the resultant cffeet upon the
cye is that of whiteness. The darker color of a polished surfacc is
due merely to the fact that through ecareful grinding all these
irregularitics and reflecting surfaces are removed, the light pene-
trating the stone is absorbed, and the effcet upon the eye is that of
a more or less complete abscnce of light or darkness. Obviously then
the more transparent the fcldspars and the greater the abundance of
dark minerals, the greater will be the contrast between hammered and
polished surfaces. This is a matter worthy of consideration in cases
where it is wished, as in a monument, to have a polished die, sur-
rounded by a margin of hammered work to give contrast. Often when
a piece of work of this nature is exposed, the contrast between ham-
mered and polished work diminishes slightly owing to the gradual
weathering out of the particles splintered through hammering. The
contrast is less when the stone is wet than when dry, because the water
fills all the little rifts and crevices and by its refracting power tends to
produce the same effect as though the stone were polished.

(GEoroGICAL AGE.

The matter of geological age is only of very general economie inter-
est. It is indeed true that the process of metamorphism—the change
from the amorphous or fragmental condition to one more or less erys-
talline—has as a rule gone on morc extensively among the older
rocks, than among those later formed, but the rule is by no means
universal, and moreover metamorphism is not always productive of
such characteristics as make a stone adapted for either building, monu-
mental or decorative work. While metamorphism may render a
stone erystalline, it may also render it granular and friable; while
it may develop color, it may also develop schistosity and other blem-
ishes. So far as the United States are eoncerned, one can say, how-
ever, that few stones are used to any extent that are of later date
than the Triassie, and that few if any of our marbles are younger than
Silurian, while nearly all our granites, as now quarried, belong at
least to Paleozoic or Archaean times. Stones of later than Triassie
age, are, so far as relates to the Eastern United States so friable, or
so poor in color, as to be of little value.
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Tur STrRENGTH OF STONES.

Mueh has in times past been written on the subject of the erushing
strength of building stones, and hundreds of tests have been made,
the results of a few of which are given in this work. A few words
only on the subject are here neccssary.. It is doubtful if in any but
the most extreme cases it is necessary to continuc this line of inves-
tigation. The results thus far obtained are sufficient for us to for-
mulate general rules, and the average results obtained are so vastly
in exeess of all ordinary requirements that they may safely be ignored.
A stone so weak as to be likely to erush in the walls of a building, or
even in a window stool, eap or pillar, bears so visible marks of its
unfitness as to deceive no one with more than an extremely rudimen-
tary knowledge on the subject. It is rarc to find a stone that will
not show, under the methods of testing now in vogue, a erushing
strength of at least 6000 lbs. to the square ineh, while many stones,
partieularly those of the granite group, will range as high as 20,000 to
30,000 1bs. to the square inch. Sinee the first named amount is ten-
fold more than is likely to be required of it in any but the most
extreme eases, the absurdity of making further tests is manifest.
The few that have here been made, were made in recognition of the
still prevailing—though mistaken—demand for tests of this nature.
They show, as was to be expected, that the matter of the strength
of those of the Maryland stones now on the market, may well be left
out of consideration in the future, and this for the reasons above
suggested.

In faet, it is the weathering quality of a stone more than its ulti-
mate strength, that should coneern us, and a careful examination of
the natural outerops, old quarry faces and buildings, will give a
more corrcct idea to an cxperienced man, than will all the tests that
ean be made in the laboratorv. This view the writer expressed some
years ago,’ and to it he still adheres with little fear of contradiction.

Groararic DISTRIBUTION 0¥ STONE IN THE STATE.
By referring to the map of Maryland (Plate VI, Vol. I), it will be
seen that the state is divided into three well defined topographie prov-

* Stones for Building and Decoration, Wiley and Sons, N. Y.
5
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inces, which are intimately related to its geologic structure and
hence have a bearing upon its mineral yiclding capability. It will
therefore be worth our while te devote a little space to a consideration
of this branch of the subject, bearing in mind, the while, that much
that is said here regarding Maryland is true to a certain extent of the
entire Eastern United States.

The most easterly of these topographic provinees, known as the
Coastal Plain, comprises the area between the Atlantic Ocean and a
line passing N. E. to S. W. from Wilmington (Delawarc) to Wash-
ington, D. C., through Baltimore. The region is about 100 iniles
broad in its widest part, and includes very nearly 5000 squarc miles
of territory or about one-half the area of the entire state. It is
charaeterized by broad level-topped stretehes of country, which ex-
tend with gradually inecreasing elevations, from the Coastal border,
where the land is scarcely at all clevated above sca-level, to its western
edge, where heights of 500 fcet and more are to be found. The
underlying rocks arc as a rule but slightly indurated, consisting mainly
of clays and sands, sometimes locally cemented into ferruginous sand-
stones and conglomerates and never of such consistency as to be of
value in their natural state for building purposes. We may therefore
dismiss this portion of the state from further consideration.

The second provinee, known as the Piedmont Plateau, borders the
Coastal Plain on the west and extends to the base of the Catoctin
Mountain. It is nearly 40 wniles in width in the southern portion ef
the region, but broadens toward the north until it reaches 65 iles in
width, comprising altogether an area of approximately 2500 square
miles, and including Cecil, Tarford, Baltimore, Howard, Montgom-
ery, Carroll and Frederick counties. As it is this provinee which
furnishes by far the larger amount and greater variety of building
stones and marbles, it will be worth the while to consider it in some
detail. The Plateau, as a whole, is divided very nearly in its central
portion by an area of high land known as Parr’s Ridge, into an eastern
and a western district. To the east of this ridge lie the gneisses,
granites, gabbros, erystalline dolomites (marbles), serpentines, and
roofing slates, the main portion of the area being occupied by the
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gneisses, through which have been sporadieally intruded the granites
and gabbros whieh, by erosion, are now exposed in the form of isolated
patelies of eomparatively limited extent, as shown on the map. The
building marbles of the state are limited almost wholly to this eastern
division, as shown in the areas north of the city of Baltimore.

This eastern division has, on aeceount of its ervstalline roeks and
their complicated strueture, a diversified topography. Along the
eastern margin the land attains, at several points, heights execeding
400 feet, reaching at Catonsville 525 feet above sealevel. To the
west the eountry gradually increases in elevation until it eulminates
in Parr’s Ridge, whieh exeeeds 850 feet in Carroll eounty.

The drainage of the eastern district is to the east and southeast.
On its northern and southern boundaries it is traversed by the Sus-
quehanna and Potomac rivers, whieh have their sources without the
area, while the smaller streams, whieh lie between them either drain
direetly to the C'hesapeake Bay or into the two main rivers. Among
the larger of the intermediate streams are the Patuxent, Patapseo and
Gunpowder rivers, whose headwaters are situated upon Parr’s Ridge.
The Patapseo espeeially flows in a deep rocky gorge until it reaches
the Relay, where it debouches into the Coastal Plain. All these
streams have rapid eurrents as far as the eastern border of the Pied-
mont Plateau, and even in the case of the largest rivers are not navi-
gable.

- This last is an important item sinee it preeludes the possibility of
shipment of quarried material by other than rail, eanal or wagon
routes.

The western division extends from Parr’s Ridge to Catoctin Moun-
tain. Along its western side is the broad limestone valley in which
Frederick is situated, and through which flows the Monocaey River
from north to south, entering the Potomac River at the boundary line
between Montgomery and Frederiek counties. The valley near Fred-
erick has an elevation of 250 feet above tide, whieh changes slowly to
the castward toward Parr’s Ridge, and very rapidly to the westward
toward Catoetin Mountain. Situated on the eastern side of the
valley, just above the mouth of the Monoeacy River, and breaking
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the regularity of this surface outline, is Sugar Loaf Mountain, which
rises rapidly to a height of 1250 feet.

The underlying rocks of this division are as a rule far less erystalline
than those of the eastern, consisting mainly of blue gray limestone,
red brown sandstones, phyllites, and other siliceous and argillaceous
rocks which are largely unsuaited for construction purposes and hence
need no mention here. There are, however, in Carroll and Frederick
counties several comparatively small included areas of highly erystal-
line limestones capable of furnishing in small blocks material of such
color and texture as to make them of value as marbles.

The third or Appalachian region borders on the Piedmont Platcau
and forms the entire western portion of the state. It includes the
western portion of Frederick, and all of Allegany and Garrett coun-
ties, an area of some 2000 squarc miles. This is the most mountain-
ous region of the state, consisting indeed of little more than a series
of parallel mountain ranges with deep narrow intervening valleys
which at the southern limit of the state are cut almost at right angles
by the Potomac River. This arca has as yet furnished practically
nothing in the way of structural material though it does not ncces-
sarily follow that satisfactory materials do not exist. The rocks con-
sist mainly of sandstones, shales and limestones, none of the latter
being sufficiently metamorphosed to make them of value as marbles.
The possible resources of this region will be discussed later.

MzerHODPS OF QUARRYING AND WORKING.

In the work of extracting stone from the quarry, and reducing it
to the desired shapes for use, there are two considerations of primary
importance. These arc, 1st, the accomplishing of the work with
the least possible injury to the material, and, 2nd, the accomplishing
of it cheaply. Unfortunately the two methods are almost directly
opposed to each other, and equally unfortunately the cheaper methods
arc those, as a rule, most likely to producc injurious results. This
last is only partially true, however, since where the work is carried on
on a large scalc, the better way proves in the end the cheapest. In
many kinds of manufacture complaint is made that machine-made
goods are inferior to those made by the old-time hand processes. In
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stone work this is eertainly not eorreet, however. 'With machines it
is possible to produee better results, in less time than by hand meth-
ods. This is partieularly true regarding quarrying, sawing, grinding
and polishing. There are of course certain kinds of work, eertain
forms of finish, for the satisfactory performanee of whieh no machines
have been designed.

Before eonsidering in detail the methods employed in stone quarry-
ing and stone working, let us first eonsider the conditions under which
the stone exists in the quarry, what diffieulties are to be overeome,
what methods ean be pursued with safety, and what must be avoided.
All stone that is used at all extensively for struetural purposes has the
property of splitting, or breaking with fairly flat and even faces,

along two directions at right angles to each other. The direetion
of greatest ease is known as the rift, that at right angles as the grain.

The eause of this tendeney to split along definite lines is not fully
understood. It is enough for our present purposes that it exists.
The rift is often very pronounced, and its direetion is indieated by
and some is due to a parallel arrangement of the eonstituent minerals
as in the gneisses and sehists. In other rocks, like the more massive
granites, it is wholly ineonspieucus and the direetion ean be deter-
mined only by an experieneed stone-worker. Nothing is more sur-
prising to one who has given no attention to the subjeet, than the ease
with whieh a workman, with no other tool than a square-faced hammer
will break out by a few well directed blows a reetangular bloek of
the required size and shape for street pavements, while an inexper-
ieneed person, with the expenditure of twiece the amount of time and
triple the amount of energy will produee only a shapeless mass, with
bulging faces and rounded ecorners, utterly worthless and unfit for use.
Here then are two important faetors which must be taken into eon-
sideration. Another is the jointing. To this property attention has
been ealled on p. 55, and the matter need not be wholly repeated here.
It should be stated, however, that these joints may be either a help
or hindranee to quarrying aeeording to their prominenee, abundanee,
and the dircetions at whieh they traverse the stone. As a very gen-
eral rule those massive rocks which are extensively quarried owe their
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availability to the presenee of two series of joints which like the rift
and grain cut the stone in dircetions praetieally at right angles with
eaeh other. This condition of affairs is deseribed on p. 56, and a
figure is given showing the utility of joints in quarrying. Hence
nothing more need be said on the subject here.

Among sedimentary roeks—the sandstones and limestones—the
better grades of stone lic in well defined beds, or layers, separated
from one another by other beds of inferior or worthless material. The
quarrier has to consider not only how to get out the good material,
but also how to get rid of that which is worthless. One method must
be resorted to for the first, and another less expensive for the second.

Another feature which must not be lost sight of, here, is the
differenee in degree of hardness and toughness of various classes of
roeks. A method of treatment allowable in one ease, as with granites,
would be wholly impracticable in another, as with limestones. For-
tunately those rocks which are so tender as to be likely to bhecome
injured by the more violent methods of quarrying, as by blasting, are
sufliciently soft to permit of their extraetion by other means. The
quarrier has to remember that stones have but a comparatively small
amount of elastieity, that thev are brittle, and any sudden jar, like
that from an explosion of powder or dynamite, is likely to develop
flaws and fraetures, whieh, while they may be quite inappreeiable at
ofirst, beeome injuriously conspienous by weathering.

But enough has been said to show that quarrying is not quite so
simple a process as may have at first appeared. Let us now devote a
few pages to a consideration of the methods in vogue.

The old time and simplest method of quarrying which needs be
eonsidered here, is that of blasting out the roek by means of powder
exploded in a eavity made by hand drills. This method, aside from
being too slow for modern purposes, results in the produetion of only
irregularly shaped blocks requiring a proportionately large amount
of labor to rednee them to the desired sizes and shape. Moreover, the
explosion of a single, large charge of powder, is likely to produee a
shattering whieh ean be wholly done away with if the charge is dis-
tributed along a line among several holes whieh are exploded simul-
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taneously. This method is rendered possible through the invention

of a steam drill such as is shown in Fig. 7. As may be seen it

consists of little more than a steam eylinder mounted on a tripod with

F1c. 7.—Ingersoll-Sergeant steam drill.

the drill attached to the piston. The machine is held in place by

means of heavy weights on the legs of the tripod. The steam being
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eonveyed from the boiler to the drill by means of a flexible hose,
which allows the use of the drill in any part of the quarry. A differ-
ent form of drill answering the same purpose is shown in Fig. 8. By

means of these machines a series of two or more holes are drilled along
the line where it is desired the stone shall break. These are then
charged lightly with powder, and fired simultaneously by means of
eleetricity instead of by a fuse. The result is that a large mass of
rock is freed from the quarry bed, with a comparatively slight amount

Fie. 8.—Ingersoll-Sergeant quarry bar drill.

of jar, the aim of the quarrier always being not to move the block
any appreciable distanee, but simply to free it, after which it is re-
dueed to blocks of the required size by hand implements, to be noted
later. Where the bottom joints in a quarry are well defined as at
Vinal Haven, Maine, masses of granite some 300 feet in length and
20 feet in width have been loosened at a single blast.' In eases where
bottom joints are not sufficiently developed, or are at too great a dis-

* Stones for Building and Decoration, 2nd Ed., p. 241.
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tance apart, it is sometimes necessary to resort to drilling and blasting
to free the rock from the quarry bed.

Onece loosened from the bed, as deseribed above, a block of granite
or other hard rock, is cut up into desired sizes by means of plugs and
feathers. By means of hand drills or a quarry bar drill, a series of

e, —= '“‘L‘“u,_‘_ :

Fie. 9.—Wardwell channelling machine.
.

holes, not over an inch in diameter and a few inches deep, is drilled
along the line where it is desired the stone shall break. Into each
of these is then placed two half round wedge-shaped pieces of soft
iron, the thicker ends downward, and between them is inserted a small
steel wedge. When the wedges or plugs are all in place the workman
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strikes them ome after the other with his hammer, driving them all
alike, thus producing a uniform strain along the line, until the
block falls apart. The method is commonly known as
feather 7 splitting. In the softer rocks, as the sandstones, a somewhat
different method is resorted to. Instead of drill holes, grooves are
first cut with picks, and into the grooves large steel wedges are

“ plug and

F1e. 10.—Ingersoll-Sergeant channelling maehine.

luserted which are then driven with heavy striking hammers or
sledges, in the same manner as before.

Blasting by means of powder furnishes the only available mmeans
for quarrying rocks of the granitie type, owing to their lardness.
But the method should be used reasonably and with discretion.
Material from a quarry where, as one sometimes reads, hundreds or
even thousands of tons of stone have been loosened by a single blast,
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should always be accepted with hesitation, if at all, for building pur-
poses, sinee as above noted the jar from sueh a eoneentrated explo-
sion is likely to produee ineipient fraeture and injuriously develop
latent joints.

Ll
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Fic. 11.—Revolving drum and hoist for derrick.
(Fnrnished by American MHoist and Derrick Co., St. Paul, Minn.)

In quarrying softer rocks like the sandstones, limestones and mar-
bles, cliannelling machines are now used in nearly all American quar-
ries. Two distinct types of these maehines are used (Figs. 9 and 10),
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but with both the results are essentially the same. The machines are
constructed to run forward and backward over temporary tracks laid
on the quarry floor and to cut as they go straight smooth channels
into the stonce beneath, the channels, by repeated passage of the ma-
chine, being cut to any desired depth up to perhaps six or more feet.
The roek on the floor of the quarry is thus divided up into a series of

F16. 12.—Lincoln stone planer.

blocks which need only to be freed from the quarry bed to become
available. This freeing from the bed is usually done by means of
machines known as undercutting or “gadding” machines. These
are sometimes ordinary impact steam drills, or again diamond drills.
In cither case a series of holes is drilled along the desired line, and
the stone then broken out by wedges, or perhaps by means of another
machine which simply cuts out the partitions between the holes.
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By the aid of sueh machines blocks of any desired size may be ob-
tained, and what is of equal importance, selected, material ean be
taken out with no possible danger of injury as by blasting.

The removal of blocks from the quarry to the shed is accomplished
by hoists using horse, steam or eleetricity for power, the running-
gear passing over the arm of a derrick as in Plates X and XIV, or
through a trnek on a cable as in Plate XXXII. The eable permits the
lifting of blocks from any portion of the quarry along the line of
the main eable, the derrick handling all of the material within a given
distance of its base. The time and expense involved in pulling around
the arm of the derrick by a rope may be lessened by the use of small
drums connecting with a horizontal wheel as shown in the acecompany-
ing figure (11) or in less detail in the photograph of the Port Deposit
quarries (p. 144).

Once removed from the quarries stones are cut and finished by
processes, which within eertain limits vary according to the hard-
ness of the material, though the nature of the rift or bedding nat-
urally has much to do in the matter. Granites and hard rocks
of this nature are as a rule reduced to the desired size and shape
by plug and feather splitting and by hand cutting with chisel and
hammer. Steam saws consisting of a thin blade of soft iron fed
with small globules of chilled iton or a sand composed of erushed
steel are used to some extent. Monolithic columns are in some
instances turned on giant lathes, the cutting tools being revolving
dises of steel. A planer with cutting dises of the same nature
is sometimes used (see Fig. 12). Smooth surfaces for polishing
are produced by grinding, the block being placed on a horizontally
revolving iron bed, the entting material being the chilled iron,
sand or cmery as the ease may be; or, where the block is too large
there is used a movable grinder sueh as is shown in Fig. 13. The
necessary smooth surface having been produced,”the polish is im-
parted by means of a revolving wheel covered with felt. This is

A,
polishing

kept wet and a white powder, known to the trade as
putty ” is sprinkled over the surface occasionally, the friction from

the revolving wheel aided by the putty shortly producing the desired
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results. An almost perfect surface is the first cssential to the pro-
duetion of a goqd polish. Sandstones, limestones and marbles are
sawn by the reciprocating blades of soft iron mentioned above, which
are usually mounted several or many in a frame, an inch or more

A
|

Fin 18, —Stohe pollsber

apart according to the thickness of the slabs or blocks which are to
be cut, the cutting material as before being sand or chilled iron.
Sand is preferable when the material to be cut is not too hard, since
not likely to stain the stone, through rusting. Moreover little parti-
cles of the iron or steel are likely to become imbedded in the stone
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during the early stages of grinding and these breaking loose during
the later stages, when the surface is nearly smooth, do much damage
by seratching or elsc remain permanently imbedded to give rise to
rust spots when the stone is exposed to moisture. These softer stones
are also planed by machines operating on the same principles as those
used in planing metals. A modification of the same machine is used
in producing mouldings. Carved surfaces are still produced mainly
by hand, hammer and chisel, though machines operating like minia-
ture streamn drills have been employed for this purposc.

Various forms of finish are applied to the surfaces of stones, and are
called by names as a rule indicative of the means employed. A rock
face finish is the natural fracture of the rock, scarcely touched by
chiscl. A pointed face is a rock faee the inequalities of which have
been reduced by a sharp pointed implement known as a point. A
surface cut into parallel shallow grooves from a guarter to a half-inch
in diameter, is'known as a dove-surface. A tooth-chiseled surface is
produced by means of a wide chisel, the cuiting edge of which is
toothed like a saw. Ax or pean hammered surfaces are produced by
striking upon the surface, always in one direction, with heavy ham-
mers, the cutting faces of which are reduced to an ax-like edge, the
result being that the finished surface is covered with long parallel-
lying lines and ridges. A patent hammer made up of thin plates of
steel so bound together as to form a compound cutting edge is also
used for this work.

Tt is well to call attention here to the fact that in material so
inelastic as stone the result of the impaet of such blows, however
slight, on the surface, is to produce minute fractures parallel to the
surface, which result in sealing. The scales thus loosened are, it
may be, but slight and at first inconspicuous. ~ Nevertheless the tenac-
ity of the stone for a variable distance below the surface has been
weakened, and here disintegration must first make itself apparent.
Beyond doubt the most durable finish is a rockface, sawn or properiy
prepared polished surface, since in these the natural condition of the
constituent minerals or granules remains nndisturbed.

It may be stated here that all stone works more easily when newly
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quarried than after scasoning, though this characteristic is more
strongly marked in the sandstones and limestones than elsewhere.

Not only do stones harden through seasoning, but the rift and grain
are often less pronounced, and dry secams and other defeets become
more pronounced. Henee it is always best to work up stone as soon
after its removal from the quarry as possible. Indeed roofing slate,
as every quarrier knows, cannot be split at all satisfactorily after the
water has once dried out of it.

Revarioy oF MARYLAND TO oTHER PRODUCING AREAS.

The same geological agencies which were instrumental in the
forming and rendering accessible of so large a variety of stone in
Maryland operated throughout almost the entire Eastern United
States and were produective of very similar results. From Northern
New England to Central Georgia, along the entire length and breadth
of the Appalachian chain, conditions of sedimentation and uplift, of
eruption and metamorphism were so similar, that a remarkable uni-
formity exists so far as regard to character of materials is eoncerned,
though in quantity, accessibility and quality, there is often a very
great diversity. Tt will be of interest as well as not unprofitable for
us to devote some space to a consideration of the resources of the
neighboring states, and to the conditions governing their output,
sinee here, as in other business enterprises, competition is likely to play
an important part in all other than purely local markets.

PRELIMINARY GENERALITIES.

The axis of disturbance, above repeatedly referred to, extends from
Maine southeasterly, not parallel with the coast, but retreating grad-
ually inward, until south of New York it is no longer accessible by
tide-water communieation. This is an important physiographic feat-
ure, since transportation by water is always cheaper than by rail.
This is particularly the case with heavy and indestruetible materials
like stone. In Maine many of the quarries are either direetly upon
the coast or bordering along its numerous fiords and rivers. The
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quarried materials, with scarecly any preliminary handling, ean be
plaeed directly upon schooners and carried to all the leading cities of
the castern United States without transshipment. ITence Maine and
Massachusctts granites and Conneeticut sandstones early came into
use thronghout the entire coastal area of the castern United States and
in some cases were even carried around Cape Ilorn to cities upon
the western coast (Plate V, Fig. 2). TFurther than this Nature has,
throughout the entire New England states and large portions of New
York and Pennsylvania, greatly favored quarrying operations through
the medinm of the glacial ice sheet. This powerful erosive agent
carried off the residuary products whieh result from years of rock
deeay and left the ledges of granite, slate, marble, or whatever they
may have been, fresh and hard to the very surface. Throughout the
entire region to the south of the extension of this sheet, it is only
here and there that there is to be found a quarry not buried by rotten
matter that must be removed by stripping before quarrying can be
commenced. This latter fact is well known to Maryla;ld quarriers,
aud is shown in the views of quarries given on Plates XVIII and XX,

KINDS OF STONE PRODUCED BY OTIHER STATES.

In Maine there are in operation to-day only quarries of granite,
gneiss and gabbro, and of roofing slate. Very many of the granite
quarries lie so near the water’s edge that cost of transportation is
reduced to the mininum, and hence quarriers are enabled to eompete
with others, even in markets at a great distanee. The roofing slates
lie remote from water ways and only the general cxeellence of the
materials enables them to compete with others beyond the state limit.
The output of these materials for 1889 was: of granite 6,701,346
cubic feet valued at $2,225,839.00, and of slate 41,000 squares,
valued at $201,500.00.

New Iampshire has ouly quarrics of granite and gneiss that need
be here considered. These are all dependent upon railroads for
transportation, but the quality of some of the granites, notably those
of Concord, enables them to compete successfully with others more

6
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favorably situated. The entire output for the year 1889 was 2,822,
026 cubic feet, valued at $727,531.00.

Vermont produces a greater variety of materials than either of the
above mentioned states, including granites, marbles and roofing slates,
although few of the granites are of such a nature as to lead to their
being transported beyond the state limits, so long as the transporta-
tion is limited wholly to railways. The marbles and roofing slates
are, however, of such quality as to lead to their usc, even under these
adverse conditions, in nearly every statc in the Union.

During 1889 the statistics of produetion of the three elasses of
stone mentioned above were as below: granite (and allied roeks)
1,078,986 cubic feet, valued at $581,870.00; marbles 1,068,305 cubic
feet, valued at $2,169,560.00; roofing slates 236,350 squares, valued
at $596,997.00.

The marble of Vermont, it should be stated, is, with the exception
of the colored varieties of Mallett’s Bay, almost wholly ecrystalline
limestone and of sueh a nature as to make it better adapted for monu-
mental and decorating work than general building, while those of
Maryland are dolomites, and, so far as now developed, almost wholly
building marbles.

Massachusetls. This state produces for other than local uses only
granites, marbles and sandstones. With the cxception of the granites
whieh lie along the ecoast, as those of Gloucester, Rockport and
Quiney, the transportation is wholly by rail. Nevertheless the qual-
ity of the stone, the early date at which the quarries were opcened, and
the energy of the operators has been such that they have been
widely used, and in many eases to the entire exelusion of equally good
material from close at hand. The marbles are crystalline grannlar
dolomites and wholly of the building type, and on casual inspeetion
are scareely to be distinguished from those of Coekeysville, Maryland.
Sandstones are produced only in the southern central part of the state,
as near East Long Meadows, the stone bearing a general resemblance
to that of Seneea Creek in Maryland, though perhaps of a warmer
hue. Many of the granites, as those of Quiney, Dedham and Milford,
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are of a type quite lacking in other states. The output of the three
classes during 1889 was as below, no statisties for marble being avail-
able: granite 9,587,996 eubie feet, valued at $2,503,503.00; and
sandstone 1,967,179 cubic feet, valued at $649,097.00.

Rhode Island. Only the granites of this state need eonsideration
from our present standpoint. Near Westerly are quarries of a fine,
evenly textured stone of gray or sometimes pink ecolor, that has
eome to be extensively utilized for monumental work in all our eities
and towns. The transportation is both by rail and water, Westerly
being at the extreme western border of the state, with direct rail
eommunieation to New York and Boston and but a few miles from

Long Tsland Sound. The output of granite for the entire state for
1889 was 2,878,239 cubie feet, valued at $931,216.00.

Connecticut like Massachusetts produces granites, marbles and sand-
stones. The marbles like those of Massachusetts are white, crystalline
granular, in part dolomites and in part limestones. The granites,
with the exeeption of some coarsely variegated gneissoid rocks oeeur-
ring at Stony Creek, are little used outside of the state. The sand-
stones, and especially those along the Connectieut River, as at Port-
land and Cromwell, are very extensively quarried and owing to the
ready transportation facilities offered by the river, are extensively util-
ized in all the Eastern cities, and have even been sent around Cape
Horn to San Franciseo. These sandstones are brown Triassie stones
of the same type as those of Seneca Creek and other points in Fred-
erick eounty, Maryland, and it is only that they so lie as to offer
exeeptionally favorable facilities for quarrying and transshipment that
the Maryland stone has not thus far proven a more suecessful com-
petitor. © The statisties for the state for 1889 so far as available are
as follows: granite 3,835,704 cubie feet, valued at $1,061,202.00, and
sandstone 2,821,430 cubie feet, valued at $120,061.00.

New York. This state, like Pennsylvania, yet to be noted, is so
situated with reference to the Appalachian system, and eomprises so
large an areca, that its resources are great and varied. Within its
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borders are to be found quarries of granite and allied rocks, marbles,
sandstones, quartzites and clate. The granites, of both red and
gray colors, are eminently snited for building, decorative or monu-
mental purposes. The quarries are, however, largely in the northern
central part of the state and remote from waterways, so that the
stones are little nsed for general building outside of the state. Dolo-
mitic marbles, eoarsely or granular crystalline in structure and util-
ized only for general building, occur in the southeastern counties of
the state. These compare closely with those of Cockeyvsville in Mary-
land, and will eompete with them on about even terms. In St.
Lawrence county are other coarsely crystalline, gray building marbles,
which are, however, little used beyond the state limits. DBlack, gray
and variegated marbles suitable for interior decoration ocenr in the
northern and eastern part of the state, but being of a type wholly
distinet from any known to exist within the limits of Maryland, may
for the present be omitted from consideration. Sandstones and quart-
zites, suited for building and flagging, oceur in inexhaustible quan-
tities widely distributed throughout almost the entire length and
breadth of the state, some of the better known being the Potsdam
.quartzites of St. Lawrence county, the Medina sandstones of Monroe,
Niagara and intermediate counties and the so-called ““ bluestone ” or
“flagstone ” of Albany, Green and Ulster counties. The Potsdam
stones are accessible by rail, and the water routes of the Great lakes;
the Medina, also, while the flagstones last named are largely within
comparatively easy reach of the ITudson River. Hence all these
.stones are widely and for the most part favorably known. The slate
producing areas arc limited wholly to the extreme eastern portion of
the state, Washington county alone being a constant producer. The
material is of red or green color, and on this account does not enter
‘into direct competition with that of Maryland.
The quarry statisties of the state for 1889 are as below:

Granite................ 1,515,511 cu. ft. valued at $ 222,773.00
Marble. ............... 1,171,500 cu. ft. 354,197.00°
Sandstone.............. 6,490,406 cu. ft. 1,177,822.00

Slate. ..........oovvnt. 16,767 squares 81,726.00
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New Jersey. This state produces only brown Triassic sandstones,
similar to those of Frederick and Montgomery counties in Maryland,
which nced consideration here. The close proximity of the state
to the leading markets, as of those of New York, Philadelphia, Balti-
more and Washington renders it possible to transport the quarrv
product at comparatively low rates, even though such transportation
must be made mainly by rail. The Triassic belt extends from the
New York state line southwesterly to the Delaware River. The
principal quarries are in Passaic, Lssex, Hunterdon and Mercer
counties. The stone resembles that of Connecticut perhaps more
closely than that of Maryland, but nevertheless the gencral resem-
blance is so close that as a rule the selling price of the material will
be the controlling item in deciding which shall be used.

According to the returns of the 11th census, some 6,010,212 cu. ft.
of sandstone were produced during the year 1889, valued at $597,-
309,00. '

Delaware produces little in the way of building stone except for
local use. Certain gabbros and gneisses have been quarried for pur-
poses of rough construction, but do not need consideration here.

Pennsylvania. As noted above the quarry produet of this state is
large and varied. Singularly enough, however, there is little in the
way of granitic rocks that need consideration. Good building mar-
bles and serpentines oceur in Montgomery and Chester counties and
in both instances the stone so ciosely resembles that of Maryland that
the price at which the material can be put upon the market nust be
the controlling factor of commercial importance. The Maryland
quarries are nearest to the markets of Baltimore and Washington, but
those of Pennsylvania to those of Philadelphia 'and New York.
Brown Triassic sandstones, similar in a general way to those of I'red-
erick and Montgomery countics, but of a more uniform brown hue,
are quarried at Hummelstown in Dauphin county, and enormous
quantities of gray and blue, gray thin bedded sandstones and “ blue-
stones,” used for general building and flagging, in Pike, Carbon,
Luzerne, Wyoming and Susquehanna counties. With the exeeption
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of the “ Wyoming Valley ” stone, as that of Wyoming county is
commercially known, few of the latter find their way beyond the
state limits. Blue-black roofing slates, such as must compete with
those of Maryland, oceur in the southwesterly part of the state, in
Berks, Dauphin, Cumberland and Franklin connties, and also in
enormous quantities in the northern parts of Northampton and Lehigh
counties. For many years these deposits have been’systematically
worked, the product being used for roofing, billiard tables, sinks and
school purposes all over the United States. The statistics given below
will convey better than words some idea of the magnitude of the
quarrying operations here carried on.

Granite 5,782,887 cubic feet, valued at $623,252.00;" marble, sta-
tisties not given; sandstone 19,119,357 cubic feet, valued at $1,942,-
979.00; serpentine statistics not given; slate 476,038 squares, valued
at $1,541,008.00."

Virginia produces granites, sandstones and slates only, and as
transportation of the quarry output is wholly by rail and there is
little competition in the carrying trade, but little of the material
finds its way into the general markets. The granites near Richmond
have been used in some of the important buildings of Washington,
and the red-brown Triassic sandstones from near Manassas are in de-
mand for the construction of dwellings. The statistics of the state are
given below:

Granite 1,073,936 cubic feet, valued at $581,870.00; sandstone
70,800 cubic feet, valued at 311,500.00; slate 30,457 squares, valued
at $113,079.00.

North Carolina. With the possible exception of one granite and
a few Triassie sandstones this state at present produces nothing find-
ing a market beyond its limits. There are, it is true, in the western
half, granites in abundance, and several promising beds of marble, but

*It is difficult to say what is included here under the name of granite,
since there is scarcely a quarry of true granite within the state limits.
Presumably it includes everything not otherwise classified.

* Some $370,723 worth used for other purposes, in addition.
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so far they have been so little worked that nothing definite can be
said regarding them. In the southern central part of the state are
beds of brown sandstone, the equivalents of the Triassic beds in the
states to the northeast. These have been worked spasmodically and
the quarry produet shipped to coastal cities including Baltimore and
Washington. The total output in 1889 so far as statistics are avail-
able is as follows:

Granite 708,267 cubic feet, valued at $146,627.00; sandstone
50,000 cubic feet, valued at $12,000.00. '

South Carolina. Although there is an abundance of granite in
Fairfield, Richland, Newberry, Lexington, Edgeficld and Aiken eoun-
ties none of the material finds its way beyond the state limits. Mate-
rial to the value of $55,320.00 is stated to have been quarried in 1896.

Georgia. This state has several quarries of granite, and in its
northern portion extensive deposits of coarse erystalline granular
building marble. This last named is eomming into very gemeral use
for building, monumental and interior work, even in cities as far north
as Boston. Its consideration is therefore important here. A deep
dark gray, nearly black roofing slate also occurs at Rockmart in Polk
county whieh is finding a slight market outside of the state. The
statistics for 1889 as given are as below:

Granite 2,425,622 cubie fect, valued at $752,481.00; slate 3,050
square feet, valued at $14,850.00; marble 25,000 square feet, valued
at $196,250.00.

The quarrics, it should be noted, are all remote from waterways,
and transportation is therefore limited to railroads.

Tennessee. In this state only the mmarbles need consideration from
our present standpoint, and these ouly on the supposition that at some

time the proposition may be entertained of opening up quarries in
the colored marbles of Carroll and Frederick counties. The Ten-
nessee stones are dark chocolate and white, fossiliferous, and gray and
pink crystalline granular limestones. The latter are used both for
general building and interior work and the first for interior work only.
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There are in addition to the stones above mentioned, certain others
from more remote sources which, owing to their peculiar lithological
natures, are to be found in all the principal markets of the country.
The so-called Bedford stone or Bedford Oolites and the Berca sand-
stones are of this type. The first mentioned of these is a very pure
limestone but differs from those of the states above mentioned in that
it is made up alinost wholly of minute rounded or oval concretionary
grains, often of almost microscopic dimensions. It is of a very light
grayish color, sometimes almost buff, soft, very readily workable, and
occurs in ncarly horizontally lying beds covering a large extent of
country. It can therefore be quarried and worked very cheaply, and
as it is, on the whole, of a pleasing color and fairly durable nature,
it finds a ready market in most of our larger cities.

The second stone mentioned, that of Berea, Olio, is a fine grained
sandstone belonging to the Waverly serics of the carboniferous forma-
tions. This rock is an ideal ¢ freestone ”” in so far as this term refers
to working qualities, since its even granular structure and not too
pronounced lamination permit it to be worked with the greatest
facility in any direetion. The prevailing ecolors are light gray to
buff, and though from the standpoint of durability no better, nor
perhaps so good as many stones nearer at hand, it too, on account of
its cheapness and color, finds its way into markets at such a distanee as
would ecause it to be excluded by cost of transportation under less
favorable conditions.

Reference in passing should also be made to such stones as are
brought to our markets from foreign sources. As a very general rule
it may be stated that the stones thus introduced arc of a different type,
so far as color and texturc are concerned, from those produced locally,
and that they are brought in in response to the public demand for a
greater variety. This is not, however, invariably the casc since, as
1s the case with certain of the Italian marbles, casy quarrying facili-
ties and cheapness of labor enable the producers to put the stone upon
the American market at lower rates than the domestic produet, not-
withstanding the discrepancies of distance and consequent cost of
transportation. Naturally a large proportion of the imported mate-
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rials are marbles sinee, aside from being most expensive, such are nsed
very largely in the form of thin slabs for veneering, rather than in
solid blocks of masonry. There are, however, a few stones of the
granitic type, used more particularly for monumental work, which
find their way into our markets in considerable quantities. Of the
marbles which come to our market we need mention more particu-
larly the deep red and yellow often brecciated varieties from Algeria,
the so-called Numidian marbles; the white, blue-gray, often veined,
black and yellow mottled varieties from Northern Italy, particu-
larly from Carrara and Sienna; and the green or so-called Verd-
antique marbles (serpentines) from Genoa and ncar Prato. Stones
very similar to these last are found in various parts of the United
States, particularly in Vermont, but are excluded from competi-
tion by the high prices of labor prevalent in America. Stones of
this same general nature, but of more uniform green color, occur
in Maryland and adjacent portions of Pennsylvania, but though from
time to time quarried, have never been worked upon a scale sufficient
to exclude the imported material even were the character of the
marble the same. Other marbles than those mentioned, that come to
us from abroad, are the so-called Formosa and Bougard marbles of
Germany and the Griottes of France.

Nearly all of the granitic rocks which reach the American markets
from abroad are what arc known as monumental stones. With the
exception of those that are introduced from nearby sources, as New
Brunswick, the cost of transportation is too great to warrant the
bringing in of materials that must be sold sufficiently cheap to compete
with the native product in ordinary strnetural work. Among the
more important of the granites introduced are the red and gray so-
called Scotch granites, from near Peterhead in Aberdeenshire, Scot-
land. A coarse, porphyritic stone, showing large pink orthoclase
crystals in a gray ground mass comes from Shap in Northern England.
Of greater interest on account of their beauty are a few types of
granitie rocks that have of late been introdneed into our markets from
near Finspong in Southern Sweden.  One of these is a coarse granular
aggregate of deep red feldspars and opalescent quartz, forming when
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polished a strikingly beautiful stone for monumental work, and quite
unlike anything now produced elsewhere. There have been also in-
troduced from this region coarse feldspathic rocks belonging to the
syenitic type, of a dark blue gray eolor, sometimes almost black, which
arc of particular interest on account of the iridescent character of the
feldspars. They are quite, similar in general appearance to the so-
called labradorite rock from Labradox:, and well adapted to interior
decoration work.

Resumé. . We have thus enumerated briefly the possible resourees
of the coastal states with which Maryland may be profitably eom-
pared. It is apparent that the future of the quarry industry must
depend then, not so much on the kind of materials since similar kinds
are to be found elsewhere, as on accessibility to certain markets, and
perhaps an ability to quarry at snch rates as will enable her to com-
pete with others, more favorably sitnated, at a distance. Although
placed at a disadvantage so far as relates to actnal quarrying through
the mantle of decomposition product that covers so much of the out-
erops, and through a lack of water transportation, the state is favored
by a climate that will permit work out of doors for a much longer
period than is possible in the North. Differences in price of labor
is also an item which may be taken into consideration.

WEATHERING OF BUILDING STONE.

All stones, as they lie at and near the surface of the ground, are
subjected to a number of ageneies, in part physieal and in part chem-
ical, which result in a more or less complete disintegration, decompo-
sition, or it may be temporary induration of the materials acted upon.
Since these changes are due to atmospheric agencies, to the expansion
and contraction of ordinary temperatures and to hydration, solution
and oxidation brought about through meteoric waters, they are all
grouped commonly under the general nanie of weathering.

Rock-weathering has been going on ever since the first rocks ap-
peared above the ocean level. To its destructive powers we are
indebted for not merely the soil, but for the materials which make up
the many thousands of feet of conglomerate, sandstone, shale and
slate which occupy so large a part of the eartl’s surface.




MARYLAND GEOLOGICAL SURVEY 91

The effects of this weathering are to-day visible and the progressive
stages readily traceable in many parts of Maryland and in other of
the states to the southward. -

The views given in Plate XTIV show the manner of weathering
quite characteristic of granite rocks, particularly where sueh are trav-
ersed by numerous joints. The water percolating over the surface and
filtering downward through the joints, brings about a disintegration
and decomposition, whereby the sound rock gives way to sand, gravel
and eclay, all very likely discolored by iron oxides sct free through
decomposition from the micas and other ferruginous silicates. Sinece
on joint-blocks this weathering, which may well be compared with
the rotting of an organie body, would naturally take place most
rapidly on sharp edges and corners, so these salients become gradually
rounded, and an oval, bowlder-like mass of varving size results, as
shown in the Plate XIV. It is thus that there have been formed from
the dark colored igneous rocks the so-called “ nigger-heads ” so com-
mon in many parts of the state. It is not necessary to here go into
a detailed discussion of the processes and resultant products of rock-
weathering. Such a treatment of the matter the writer has given
elsewhere." It will be sufficient here to say, that the results of
prolonged weathering of granitic and allied rocks is a ferruginous
sand and clay; of sandstones a sand, and of argillite and limestones a
ferruginous clay. In some instances weathering may be produetive
of a local induration causing soft and friable stones to beconte harder
and more durable, though this is far from being a general and wide-
spread phenomenon. In many instances the preliminary stages of
weatliering are manifested by a change of color, due to the whitening
of the feldspathic constituent, ov, as a rule, to the oxidation of included
sulphides of iron (pyrite and mareasite) or to a like change in ferrous
carbonates or iron-rich silicates. Such changes may or may not be
detrimental, according to local eonditions. Obviously a yellow or
brown stain from oxidizing pyrite on a light surface like that of
marble, is unsightly. In many lime and sandstones, howerver, the
ferruginous constituents are so evenly disseminated that the stome,

! Rocks, Rock-weathering and Soils, the Macmillan Company, New York,
1897.
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on exposure, assumes a uniformly buff or vellowish hue, which is

” and which is not at all undesir-

kuown, commonly, as “ mellowing,
able. Changes of this kind are limited maiuly to light eolored sedi-
mentary rocks, and such as have been quarried from below the per-
manent water level. This for the reason that exposure in the quarry
bed above the water level has already brought about the oxidation and
color change, so that when quarried and placed in the walls of a build-
ing no further ehange takes place.

But the effects noted above are mainly the produets, it may be of
geologieal periods, of years so many as to be quite incomprehensible
from a human standpoint. We need eonsider here only those effects
whieh may be brought about by these same agencies operating
throughout a few score or perhaps hundreds of years.

Stone taken from the ground and exposed in the walls of a building
is subject to two agencies both destructive and tending toward disin-
tegration.  As already noted, the one is physical and the other chemi-
eal. During a hot sumnier day, stones exposed to the direet rays of
the sun may become, on the immediate surface, heated to a tempera-
ture of even 150° TFahr. On the going down of the sun, a gradual
cooling takes place. In the coldest weather of winter the tempera-
ture may sink as low as zero. Now, as it is well known, heat: causes
expansion and cold eontraction. Let the reader then picture to him-
self what here takes place. The mass of the stone is made up of an
admixture of mineral particles without definite order of arrangement
and all practically in actual contact with one another. As the tem-
peratures rise cach mineral expands cever so slightly and erowds
against its neighbor; but aside from the unequal expansion of minerals
of different species, the proecss is further complicated by their ten-
deney to expand unequally along their different crystallographic axes.
So all through that portion of the stone thus warmed there arises a
condition of very unequal tension, which is naturally greater the
greater the amount of heat. As temperatures fall a corresponding
contraetion takes plaece; but in material so granular and inelastic as
stone the partieles do not again recover exactly their original relative
positions. Minute rifts are opcned, not merely between the granules,
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but also along the eleavage plancs of the minerals themselves, so that
in time all eohesion is lost and the stone becomes so weak as to fall
away to the condition of sand, or as is more commonly the case, absorbs
so large an amount of water that when freezing ensues, disintegration
results. Since any stone will absorb the most water along the bed-
ding or lamination planes, and since too the stone is weakest, the
eohesion of the particles least, along thesc plancs, so it follows that
laminated stones, like sandstones, often show signs of sealing on their
outer surfaces even after an exposure of but a few years in the walls
of a building. It is this form of disintegration which is so eonspicuous
and unfortunate a feature in many buildings eonstrueted of brown,
laminated sandstone, in Baltimore and other eities. Such a tendency
may be largely overcome by laying this stonc on its natural bed,
but any stone whatever its nature is more or less susceptible. Inas-
much as stones are but poor conductors of heat, that is, as the heat
penctrates but slowly, and tc but slight depths, such a form of
disintegration is limited to the immediate surface. Where, however,
the disintegrated material is removed so soon as formed, the process
may go on indefinitely until a fincly ecarved front or cornice may be
entirely ruined.

Tt follows from the above that, other things being equal, a stone in
whieh the various mineral particles are closely interknit will be more
durable than one of granular structure.

One of the most serious of the destructive agencies to which stone
in the walls of a building are subjeeted is the freezing of absorbed
water. All stone as they lic in the ground eontain more or less mois-
ture or quarry water, as it is called, which in time dries out after the
stone is quarried. More water is however likely to be absorbed on
exposure to rains, and since water in freczing exerts an expansive force
equal to some 150 tons to the square foot it may be readily under-
stood that if the amount of moisture eontained in the pores of a stone
is at all large, serious disintegration may result. It is to this cause
that is largely due, as already noted, the sealing and erumbling of the
brown sandstone so commonly used in house construetion throughout
the Eastern United States. Other things being equal again, a stone
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possessing low absorptive power will be more durable in moist, tem-
perate and frigid climates than one that will absorb a large amount.

Figures showing the relative amount of water absorbed by stones of
various kinds are given in the following table.

ABSORPTION TESTS 1.

Wgt. after
Wegt, atter tnumersion
drying 24 24 hours in Galn in Percentage
hounrs at water. weight. of
Kind of Stone. 212 F. Grams. Grams. absorption,
Marble, Cockeysville, 367.15 367.93 0.78 0.212
o8 - 367.07 367.86 0.79 0.215
Sandstone, Scneca, 318.35 321.28 7.93 2.530
6g 68 313.75 321.18 7.43 2.368
Granite, Port Deposit, 351.33 352.22 0.89 0.253
63 64 341.34 342.00 0.66 0.196
Granite, Woodstock, 340.43 341.31 0.88 0.258
63 ag 340.45 341.24 0.79 0.232
Gneiss, Baltimore, 354.87 355.07 0.70 0.197
(L 68 323.36 326.97 3.61 1.116
Sandstone, Taneytown, 320.22 324.05 3.83 1.196
Quartzite, Emmitsburg, 347.58 347.87 0.29 0.083

ABSORPTION TESTS 1II.

Wgt. after  Wgt. after  Wgt. atter
Wgt. air immersion immersion immersion Gainin Percent-

dry. one hour. oneday. one week, wgt. age ofab-

Grams. Grams. Grams. Grams, Grams, sorption.
Marble, Cockeysville, 367.25 367.30 367.60 367.60 0.35 0.09
Sandstone, Seneca, 1002.70 1007.70 1010.80 1011.70 8.05 0.07
Granite, Woodstock, 345.00 345.50 345.50 345.55 0.05 nil
Gneiss, Baltimore, 350.70 350.65 350.70 350.67 nil
Sandstone, Taneytown, 329.60 330.50 330.90 381.55 1.95 0.59

Qnartzite, KEmmitsburg, 344.50 344.50 344.50 344.85 0.35 0.10

In the second set of experiments which were conducted by Dr.
Mathews, the blocks were all of the same size (two inches cube) as
those of the first set, except in the case of the Seneca sandstone, where
a block four inches square and one and a half inches thick was em-
ployed. The weighings were made after the blocks had been swabbed
until no glistening water remained. These tests show that little water
1s taken up by the specimens beyond that carried after remaining over
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a year in the warm air of an office. The weather during the experi-
nienting was warm (85°-95° I.), and the humidity was approximately
seventy per cent.

The water which eomes to the carth in rainfalls is never absolutely
pure, but contains a variety of mechanieally and chemieally admixed
impurities. Among the chemically admixed, or dissolved impurities,
which are the only ones that need here be considered, carbonic acid
is the most widespread and abundant, while in smaller amounts and
partienlarly near large cities there may be traces of hydroehlorie and
sulphuric acids. These all are capable of exerting a solvent action
on the material composing building stone, partieularly oun lime car-
bonate. The amount of material that will be dissolved during a single
shower may be infinitesimal, or during a year searcely appreciable.
Yet there are many stones, particularly those composed of pure lime
carbonate (limestones), or of siliccous granules cemented by lime
carbonate, which in time suffer severely. The roughencd surface
and loss of polish scen so frequently on marble tombstones and exterior
work of any kind is usually due to this solvent action of rain water
and its dissolved acids.

The adaptability of a stone for structnral purposes depends then, in
no small degree, npon its weathering qualities, that is to say upon its
power to withstand for centnries even, exposure in the walls of a
building, without serious discoloration, disintegration or solution.
Let us now take into consideration these weathering qualities as dis-
played by the various types of rocks, although a full discussion of the
subject must be left for more eomprehensive treatises.”

Granites and gneisses possessing very low ratios of absorption (see
table above) and being made np so largely of silica and silicate
minerals, are very little affected by freezing and solution. The chief
causes of disintegration with rocks of this class, are temperature
changes, such as produee granulation. Aside from a weakening of
the eohesion power between the individnal constituents, the feldspars
may split up along cleavage lines, and a disintegration follows whieh
may be sufficiently evident to cause small spawls to fall along the

1Gee Rocks, Rock-weathering and Soils, the Macmillan Company, New
York, and Stones for Building and Decoration, Wiley and Sons, New Yorl.
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joints between the bloeks, or perhaps to rnin fine carvings. In some
instances delcterious minerals Jike pyrite may be present in snfficient
quantity to cause unsightly discoloration.

All things considered, a fine grained homogencous rock will he
found more durable than one that is of coarser grain. Also a rock
in which the individual particles are elosely interknit, dovetailed to-
gether, as it were, will resist disintegration longer than one that is of
a granular structure at the start,

Serpentines are likewise only slightly absorptive and when homo-
geneous little affected by solution. Nearly all serpentines of such
quality as to be used as verdantique marble eontain, however, veins
and spots of caleite, dolomite or magnesite, and many dry seams.
Such roeks, therefore, weather unevenly, lose their polish, and may
shortly crack and split along these dry scams when exposed to the
weather. These marbles should then be used only where protected
from the weather. Crystalline limestones and dolomites (marbles)
are extremely variable in their weathering qualities, are likely to
earry pyrite, and great eare needs always be exereised in their selee-
tion. A limestone marble, 7. ¢. one composed essentially of lime
carbonate, is likely in time to suffer from solution whercby eorners
beecome rounded, surfaces roughened and perhaps inseriptions oblit-
erated. The mechanieal agencies are here also operative as in granite,
so that, as a rule, a stone of this class is less durable than a good
granite. The pure white stones are, as a rule, more granular and
weaker than the gray and blue gray. Dolomites being less soluble
than limestones might at first thought scem promising of greater dur-
ability than the limestones. Unfortunately this is not altogether the
case, sinee sueh stones often possess a more granular structure than
do liniestones, and henee suffer more from disintegration. Indeed a
dolomitie marble can, not infrequently, be distinguished from one of
pure limestone, simply from the way it weathers in the natural out-
erop. In the ease of the dolomite, the surface of the outerop may be
found covered here and there with a sand composed of angular parti-
cles which results merely fromn the meehanical disaggregation of

the stone, while in the second case the stone loses almost wholly by
4
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solution, and we find it passing superficially into a clay without the
production of sand.

The light colors eharacteristic of most marbles render iron stains
peculiarly objectionable, and as pyrite is a very common constituent
of such rocks, much care is necessitated in its selection. The ordi-
nary unmetamorphosed limestones, like the deep blue-gray varieties
from the Trenton formation are scarcely at all absorptive, and weather
fairly well, but their sombre colors are something of a drawback.

¥rc. 14.—Photomicrograph of Scneca Sandstone (magnified ten diameters).

Sandstones, on account of the widely varying character of the
materials of which they are made up, variation in texture, degrees of
porosity, ete., are perhaps as a whole more variable in their weathering
qualities than any other class of rocks. In order to fully appreciate
this variability, we must remember that we have to do here with what

are but beds of indurated sand; that thesc stones are made up of sand
&




98 THE BUILDING AND DECORATIVE STONES

particles held together by simply being closely compacted by finer
material, or by means of a cement composed of lime carbonate, iron
oxides or silica (see Fig. 14). Where the sand is loosely compacted,
or the sand granules are interspersed with much finer, clayey matter,
the stone will absorb comparatively large amounts of water and is
likely to become injured on freezing. Where the cementing matter
is carbonate of lime, rain water trickling over the surface is likely to
remove it in solution, leaving the stone to fall away, superficially, to
the condition of sand onee more. Ferruginous cements are likewise
slightly affeeted, though in a mueh less degree. The siliceous cement
is least affected of all, and provided the amount of induration be the
same, a purely siliceous sandstone, cemented by a siliceous eemcnt,
is one of the most indestructible of building materials.

Many sandstones have a distinetly laminated structure; that is, their
particles are laid down in parallel layers, differing somewhat in size,
color and degrees of compactness. The result is that some layers will
absorb more water than others and the roek will undergo a splitting
up into thin flakes. When such a rock is stood on edge in the walls
of a building and the water filters down along thesc porous layers and
there freezes, serious results follow, particularly when the stone is
carved. Pyrite is a common constituent of sandstones, particularly
the gray varieties, and is likely to produce staining. Its prescnce
needs to be looked for with care. A fine-grained sandstone is often
fully as absorptive as one that is coarse, and fully as likely to injure
from freezing. A ratio of absorption of more than 4 per eent by
weight must be regarded as unfavorable.

Roofing slates or argillites represent as a rule the indurated and
otherwise changed argillaceous products of the weathering, or rotting
as we might say, of pre-existing rocks. They are in short made up
from the most indestructible of natural materials, and on first thought
might themselves seem indestructible. Unfortunately those capable
of .being split sufficiently thin for roofing purposes are not in all
cases indestruetible, nor are they equally resisting in all parts. In
nearly all slates there are to be found dark colored bands or ribbons,
containing deleterious minerals like pyrite or marcasite, which are less
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durable than are the other portions. Moreover the exposed position
of slates, when on a roof, is such as to try to the utmost their lasting
qualities.

It is here that the extremes of temperature are greatest and the acid
action of rains most manifest. It is little to be wondered at therefore
that in time the slates beeome brittle and break, or at least eraek, a
eondition of affairs soon indicated by leaking. A slight fading in
color is also a not uncommon feature of many slates, the exaet cause
of which does not seem to be yet fully apparent.

Metnops or Trsting BumLping SToNE.

How to ascertain by any series of tests that ean be performed in a
laboratory the durability or general suitability for construction of
any stone is a problem with whieh builders have long struggled and
which is yet far from solution.

In order to appreciate the difficulty in the problem, let us briefly
recapitulate.

Stone in the walls of a building is exposed to the chemieal aetion
of the atmosphere, the physical actiou of temperature changes and to
the erushing and shearing forees ineidental to its position in the wall.
Satisfactory tests, then, must show the ability of the stone to with-
stand to-day any of the agencies enumerated above, and must also
indieate its ability to withstand them after years of exposure.

A stone which to-day will withstand effectively any of the tests
whieh can be applied may, through the prolonged action of external
agencies, become so weakened as to be valueless or so diseolored as to
be unsightly.

In this ehapter it is proposed to give a general summary of the tests
whieh have thus far been applied, to show in how far they are sue-
eessful, and to make such suggestions as seem pertinent to the subject.
It will not be neeessary to give in full all the details of these tests,
as they have from time to time been made. It will be sufficient,
rather, to refer only to such as are historieally interesting or of value
on account of the results they may have yielded.

(1) Tests to ascertain permanence of eolor. The change of eolor in
a rock, on exposure in a building, is due mainly to a change in the
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form of combination of the iron. Rocks taken from below the water
level often carry iron in the form of protoxide carbonate (Fe CO;) or
pyrite (Fe 8.). Either on exposure to the air is likely to become oxi-
dized as noted under the head of weathering. The tests that can be
applied in the laboratory are made (1st) to ascertain the presemce of
sulphur, indicating pyrite, and (2nd) the effects of an artificial atmos-
phere in accelerating oxidation.

The following is the method for this last mentioned test as adopted
by Prof. J. A. Dodge.’

The specimens tested were rectangular in outline, and from an
inch to an inch and a half in diameter. These were dried in a water
bath (temp. 212° F.) till all the absorbed moisture was expelled,
cooled and weighed. They were then placed upon a set of glass
shelves standing in a poreelain pan containing strong muriatic (hydro-
cliloric) acid.

An open bottle containing nitric acid, and one containing hydro-
chloric acid and black oxide of manganese were placed close by, and
the whole covered by a bell glass, forming an air-tight chamber.
The fumes from the acids, together with the chlorine fumes from the
manganese and hydrochlorie acid, filled the chamber and exercised
a powerful corrosive and oxidizing effect on the samples. After a
period of seven weeks the stones were removed and washed, and the
change in color, if any, noted. A similar series of tests was made by
Prof. A. Wendell Jackson in 1887 on California building stones,” and
the efficiency of the method seems fairly well established.

(2) Tests to ascertain resistance to corrosion. The question to be
settled here is one relating chiefly to caleareous rocks, to limestones
and marbles, or to sandstones containing a calcarcous cement. The
most satisfactory method available, is apparently that of Prof. Dodge,
given in the publication above referred to, which is as follows:

A set of pieces of cssentially the same size and shape as those used
in the last mentioned tests were sclected and dried and weighed in
the same manner. These were then suspended by strings in a glass

* Final Report Geological and Natural History Survey of Minnesota, vol. i,
1872-82 (1884), p. 185.
2 Seventh Ann. Report State Mineralogist of Cal., 1887 (1888), p. 205.
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vessel of water, not in eontact with one another, and a stream of car-
bonic acid gas was run through the water for several hours at short
intervals, so as to keep the water pretty well saturated. The gas was
washed before entering the vessel containing the stones, and the water
in the vessel was changed every few days by means of a siphon. The
action was continued for a period of six weeks, when the specimens
were removed, washed in pure water, dried and weighed. The differ-
ence between the first and second weighing indicated the amount of
material dissolved by the earbonic acid water. In the case of some
limestones this was found to be over 1 per cent, though as a rule much
less, and in the case of some granites so small as to be scarcely appre-
ciable.

(8) Tests to ascertain resistance to abrasion. Tests of this nature
arc necessary only in cases where, as in steps and walks, the material
is subjeet to the frietion of feet, or where as in dams and breakwaters,
it is subject to the action of running water and waves. In some in-
stances it is possible that stones may be so situated as to be subjected
to the action of windblown sand. In the seleetion of Belgian blocks
for street pavements, it is naturally an important matter.

The resistance to wear, it may be stated, depends not more, perhaps
even less, upon the aetual hardness of the constituent particles of a
stone, than upon the firmness with which they adliere to one another.
This is well illustrated in the ease of many sandstones, whieh though
made up of the hard and difficultly destructible mineral quartz, are so
friable as to be practically worthless. In making a series of tests of
this nature, it is well to consider the uniform as well as actual hard-
ness of the stone. Many stones wear unevenly, owing to their une-
qual hardness in various parts, and are even morc objectionable than
though uniformly soft throughout. The serpentinous steatite used
many years ago for steps and sills in Philadelphia wore very unevenly
owing to the superior hardness of the serpentine over the steatite,
causing the former in time to stand out like knots in decaying logs.
The power of any stone to resist abrasion can in the writer’s belief,
and as he has elsewhere® stated, be ascertained by observing the
manner in which it works under the ehisel.

! Stones for Building and Decoration, 2nd Ed., p. 445.




102 THE BUILDING AND DECORATIVE STONES

Resistance to the action of windblown sand could readily be ascer-
tained by subjecting prepared samples to the action of an artificial
sandblast such as is used in the Tilghman process of stone carving.
A fairly accurate idea of the resistance to actual wear can be obtained
by the rate at which the samples can be ground down on a common
grinding bed. It is difficult to perfect this method, since so much
depends on the weight applied and the constancy of the supply of
emery, sand or whatever may be the cutting medium.

(4) Tests to ascertain the absorptive powers. These tests have a
direet bearing upon those which are to follow, since it is largely
through freczing of absorbed water that cold produces disintegration.
The test of the absorptive powers is therefore onc of the most import-
ant, and for a single test perhaps the most conclusive of any, as the
writer has also elsewhere stated.” TFor reasons noted below it cannot
be relied upon altogether.

There are two absorptive tests commonly made; the one to deter-
mine the absorption of moisture from a damp atmosphere, and the
other the amount of absorption of water through actual soaking. Of
the two the last is by far the more important.

The method of detcrmining the absorption from a damp atmos-
phere as carried out by Prof. Dodge” is as follows:

The samples of stone were placed in the cclls of a hot-water bath for
several days, to expel their hygroscopic moisture, after which they
were allowed to cool in desiccators, over sulphuric acid, and weighed.
They were then placed upon a sct of glass shelves standing in a pan
of water, and a tight cylinder was inscrted over the shelves, the mouth
of the cylinder being sealed by the water, after the manner of a gas
holder. The apparatus remained thus in a room the temperature of
which was pretty uniform (from 60° to 70° Fahrenheit) for seven
weeks, the water being replenished from time to time so as to maintain
a constant closure of the eylinder. The stones were then removed to

bell-jars in which they were supported over water, and thus taken to
the balance and weighed. The samples submitted to this test were
somewhat larger than those used for making the determination of
specific gravity. They had an average weight of about 70 grammes,

? Op. cit., p. 439. 2 Op. cit., p. 185.
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and were roughly shaped. The minimum absorption of moisture .03
per cent of the weight of the stone, is so small in amount as to be
practically nothing. The maximum 3.94 per cent of the weight of
the stone secems quite considerable. It seems probable that, in the
atmosphere saturated with moisture in which they were kept for seven
weeks, some of the stones absorbed all the moisture they were capable
of taking up, while others by a longer exposure to the same conditions
would have shown still higher figures.

In determining the amount of absorption by soaking it is best to
have the specimens as nearly reetangular as possible, with faces
ground swooth, and for purposes of comparison as well as for possible
subsequent use in other tests it is well to have them approximately in
the form of 2-inch. cubes. These should be thoroughly dried and
weighed, as in the tests previously mentioned and placed in a porce-
lain dish with sufficient water to cover them and allowed to stand until
fully saturated—say a period of 3 or 4 days at least. The cubes should
then be carefully removed, the water absorbed from the immediate
surface by means of blotting or any form of bibulous paper, and
then weighed. The drying and weighing should be accomplished
with as little delay as possible, to avoid loss by evaporation. The in-
crease in weight of the cubes is of eourse due to the water absorbed,
and the percentages can thus be readily caleulated. The results of a
few tests of this nature are given on p. 94. As here shown, and as
an almost universal rule, the sandstones are the most absorptive. Tt
may be said further, that the absorption takes place most rapidly and
in the largest amounts along the bedding planes. While the absorp-
tion of more than 3 or 4 per cent of water is a matter that can as a
rule be regarded as detrimental, still it does not neceessarily follow
that such a stone will suffer most on freczing. This for the reason
that a coarsely porous stone will dry more quickly than one of finer
grain and moreover the size and shape of the interstitial cavities is
such that the expansive action of freezing water finds relief without
foreing apart the granules as noted below. It is sufficient to note here
that a high rate of absorption is more detrimental to a fine than a
coarse grained stone, and also that experiment has indicated that such
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stones arc weaker, will crush under less load, when saturated with
water than when dry.

(5) Tests to ascertain resistance to freezing. The power of a
stone to resist the action of frost is naturally largely dependent upon
its absorptive qualities, as noted above, since it is the freezing of the
absorbed moisture that produces disintegration. It has been shown
that water passing from the liquid to the solid state, that is to the con-
dition of ice expands in the proportion of 100 to 109. That is to say,
an amount of water occupying 100 cubie inches before freezing must
oceupy 109 cubic inehes after. The pressure exerted by this expan-
sion is equal to 150 tons for each square ineh of surface. Provided
then the interstices of a stone are filled with water, which there
freezes, it is easy to sce that if there is no other way of relief, the
stone must be sadly disrupted. Abundant evidences of this are to be
found in any sandstone quarry that has been elosed during the winter
months without proteetion. That the result is not more marked than
1t is, is due to the faet that relief is found in the expansion outward
through the pores of the stone. It is for this reason that a coarsely
porous stone will often stand a freezing test better than one that is
of fine grain, the expansive force finding relief outward through the
larger pores.

The importance of the freezing test was early recognized, and
several methods have been devised for making such in the laboratory.

Obviously, the best method to pursue is that of nature, and to
aetually submit the samples to repeated freezings and thawings. Un-
fortunately this ean not at all times be readily done, and moreover
nature’s methods are sometimes slow, so that other schemes have been
proposed with a view of showing the relative rather than the actual
powers of resistance of different stones. Perhaps the best known
method of determining the resisting power of stomes is that pro-
posed by Brard which eonsists in saturating the stone with a solution
of sulphate of soda which on erystallizing expands as does water on
passing into the condition of ice. A modification of Brard’s original
process was used by Mr. C. . Page with referenee to the selection
of material for the Smithsonian Institution building in Washington."

! See Hints on Public Architecture, p. 119, by R. D. Owen, also Stones for
Building and Decoration, p. 439.
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The proeess as earried on by Mr. Page eonsisted in boiling a earefully
prepared and weighed cube, for half an hour, in a saturated solution
of the sulphate, and then allowing it to dry, during whieh proeess the
absorbed salt erystallized and expanded. Although the results were
found to be not in all cases quite reliable, and evidenee was dedueed

to the effeet that the boiling salt solution exereised a chemieal as well

as meehanieal action, still they are not without interest and may be
given in tabular form as below.

Specific Loss in
Materials, gravity. grains.

Marble, close-grained, Maryland [ 2.834 0.19
Marble, coarse alum stone,”” Baltimore County, Maryland...  2.857 0.50
Marble, blue, Maryland 2.613 0.34
Sandstone, coarse, Portland, Connceticut............. 3600 abk .. 14.36
Sandstone, fine, Portland, Connectieut L 24.93
Sandstone, red, Seneca Creek, Maryland E 0.70
-Sandstone, dove-colored, Seneca Creek, Maryland g 1.78
Sandstone, Little Falls, New Jersey 1.58
Sandstone, Little Falls, New Jersey 0.62
Sandstone, coarse, Nova Scotia 2.16
Sandstone, dark, coarse, Seneca Aqueduct, Peters’s quarry ... 00 5.60
Sandstone, Acquia Creck, Virginia .9 18.60
Sandstone, 4 miles above Peters’'s quarry, Maryland 00 0.58
Sandstone, Beaver Dam quarry, Maryland a0 1.72
Granite, Port Deposit, Maryland .60¢ 5.05
Marble, close-grained, Montgomery County, Pennsylvania .... g 0.35
Limestone, blue, Montgomery County, Pennsylvania . 69¢ 0.28
Granite, Great Falls of the Potomac River, Maryland 00 0.35
Soft brick s 16.46
Hard brick , 3 1.07
Marble, coarsc dolomite, Mount Pleasant, New York.......... .86 0.91

The speeimens operated upon, it should be stated, were eut in the
form of ineh cubes. Eaeh was immersed for half an hour in the
boiling solution of sulphate of soda, and then hung up to dry, this
performanee being repeated daily throughout the four weeks whieh
the experiment lasted.

Although as above rioted this proeess is praetically abandoned, the
series of tests given was produetive of certain results which are well
worth a moment’s eonsideration. Thus the red sandstone from Seneca
Creek, Maryland, with a speeifie gravity of 2.672, or a weight per
eubie foot of 167 pounds, lost by disintegration but 0.70 grains. This
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was the stone ultimately selected for the Smithsonian Institution
building, and the structure as a whole is to-day probably in as good a
state of preservation as any of its age in the United States. The
second stone, from Acquia Creek, Virginia, with a speecific gravity
of 2.23, or a weight per eubic foot of but 139.37 pounds, and whieh
lost 18.6 grains is the one in the construction of the White House
and the old portions of the Capitol, Interior Department and Treasury
buildings. This stone has proven so poor and disintegrates so badly
that the buildings are kept in a condition anywise presentable only
by repeated applications of paint and putty. The results obtained
with hard and soft brick are also very striking; the one weighing at
the rate of 138 pounds per cubic foot, losing 16.46 grains, while the
harder briek, weighing at the rate of 143 pounds, lost but 1.07 grains.
If anything ean be learncd from the series it is that with substances
having the same composition, those which are the most dense—which
are the heaviest bulk for bulk—will prove the more durable. The
results obtained on coarse and fine varieties of Portland sandstone
suggest at least that water would freeze out of the coarser stone, and
therefore ereate less havoe than in that of finer grain, a probability
to whieh I have already referred.’

More recently this method has been rcinvestigated by Dr. L. Mel.
Luquer * with a view of aseertaining what relation may exist between
the sulphate of soda and the freezing methods when both are carried
on under the same conditions. In these tests reeognition is taken of
the fact brought out a gencration or more ago to the effect that a
hot solution of a sulphate of soda is likely to undergo deeomposition
and give rise to free alkali (Na,0) which exerts a powerful chemieal
effect and weakens the cohesive power of the granules. The method
employed, as given in the paper above referred to, was as follows:

The specimens, whieh had been carefully prepared, brushed, dried
and weighed, were boiled in the sulphate of soda for half an hour, in
order to get complete saturation. At the end of the half hour it was
noticed in every casc that the solution was slightly alkaline, although
at the start it had been neutral. In order to prevent any continned

! Stones for Building and Decoration, 2d ed., p. 438.
? Trans. Am. Soc. Civil Engineers, Mar, 1895, p. 235.
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chemieal aetion the beakers were emptied, the speeimens rapidly
washed with water, and the beakers immediately refilled with the
neutral sulphate solution. After soaking for several hours the speei-
mens were hung up by threads, and left for 12 hours (during the
night) in a dark room.

In the morning all the specimens were eovered with an efflorescence
of the white sulphate of soda erystals; they were then allowed to soak
in the solution during the day and again hung up at night. Efflores-
eing for about 12 hours and soaking for about the same time eonstituted
a period. The experiments lasted for eight periods, and were eon-
dueted in this way in order to make them eorrespond with those made
with freezing water, as in the eold-storage room the speeinlens eould
only be ehanged night and morning.

In two cases the specimens were allowed to effloresee for 36 instead
of 12 hours, to insure thorough action of the salt. The experiments
thus really lasted for 10 days. It was deemed that eight periods or
days were sufficient, as de Thury states that if a specimen is acted on
by this method of testing, the effeet will be mnoticed in five days.
The general opinion of others seems to be also, that a weck or eight
days is long enough to obtain good results. During the test the solu-
tion was renewed from time to time, and appeared to remain neutral.
The temperature of the room varied from 60° to 70° Fahr. (18° to
91° Cent.). Those specimens most affeeted began to show the dis-
integrating aetion of the solution very early in the eourse of the
experiments. At the end of the 10 days the specimens were sprayed
with the stream from a wash bottle to remove any adhering partieles,
washed in water to remove the sulphate of soda, carefully dried in
an air bath at about 120° Cent., and weighed again.

The differenee between the weights was taken as the loss due to the
action of the sulphate of soda. The results are given in tabular form
below.

In the experiments of Prof. Dodge * earefully prepared eubes the
dry weight of which had been previously ascertained were placed in
a shallow iron pan, nearly covered with water and exposed to the
open air, but in a sheltered plaee, to freezing and thawing, for a period

1Geol. and Nat. Hist. Survey of Minnesota. Final Reports, vol. i, p. 186.
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of 8 weeks during February and March. To thaw, the specimens
were occasionally brought into 2 warm room for a few hours. After
the exposures, the pieces were carefully examined, then dried for six
days and weighed, the difference between the first and second weight
indicating the loss of material by the frost action. In the freezing
cxperiments by Dr. Luquer, above referred to, the specimens were
allowed to thaw and soak in water during the day, and were hung up
and frozen at night. The experiments lasted the same number of
periods as did the sulphate tests. The temperaturc of the cold room
in which the freezing was carried on varied from 4° to 10° Fahr. and
that of the room in which the soaking and thawing was done, 85°
Fahr. After the freezing the specimens were allowed to soak in
water for the same period as did those wsed in the sulphate of soda
cxperiments, after which they were dried and weighed. During the
progress of the experiments, it is stated the deterioration was so slight
that the effect was scarcely noticeable, the sandstones only showing
the effect of a slight residuc in the bottom of the pails in which the
experiments were performed. Below are given in tabular form the
results obtained by both processes. It will be noted the action of the
sulphate was by far the most energetic, but it cannot be learned that
there is any definite relationship. Hence all things considered it
seems best that the sulphate method be abandoned, and the actual
freezing test always resorted to.

Results of Experiments with Sulphate of Soda.

Orfginal Loss of Loss of
weight in weight in welght in
No. Specimens tested, grams. grams. parts in 10,000,
1 Coarse erystalline dolomitic marble....... 71,9020 0.0775 10.78
2 Medium crystalline dolomitic marblec...... 93.8861 0.1597 17.01
3 Finc-grained limestonc .................. 67.0964 0.1744 25.99
4 Coarse-grained red granite............... 71.8648 0.1115 15.51
5 Medinm-grained red granite.............. 56.4939 0.0370 6.55
6 Fine-grained gray granite................ 43.5910 0.0225 5.16
il Rather fine-grained gneiss................ 61.8687 0.0392 6.33
8 Norite, «“Aun Sable” granite.............. 35.1173 0.0135 3.84
9 Decomposed sandstone................... 39.4294 1.9010 482,12
10 Very fine-grained sandstone.............. 37.7760 0.1800 47.65
11 Sandstonme ................ .. ... ...l 28.0325 0.4070 145.18
12 JEIRCLT X 0 o R A 37.4025 0.0930 24,86
51 Decomposed sandstone................... 22.9660 3.72385 1 621.31

52 Sandstone.........ooihiiiiiiiiiii ., 23.9001 0.1381 5%7.78
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Results of Experiments with Frost.

Original Loss of Loss in
welght in weight in welght In

No. Specimens tested. grams. grams. parts in 10,000,
it Coarse crystalline dolomitic marble...... 63.6407 0.0197 3.10
Medium crystalline dolomitic marble.... 93.9851 0.0216 2.30

3 Fine-grained limestone................. 55.2787 0.0115 2.07

4 Coarse-grained granite.................. 52.2787 0.00%2 1.38

5 Medium-grained red granite............. 63.4693 0.0112 1.76

6 Fined-grained gray granite .............. 58.6149 Very slight,

about same as
No. 5.

i Rather fine-grained gneiss .............. 52,7260 Very slight,

about sdme as
No. 5.

8 Norite, ¢“Au Sable” granite............ 44.4665 Very slight,

less than
No. 5.

9 Decomposed sandstone.................. 38.4055 0.2640 68.74
10 Very fine-grained sandstone............. 39.5120 0.0420 10.63
11 Sandstone.........cciiiiviiiiiiiaius 21.9437 0.0312 14.21
12 Pressed brick.........ooovviiiiiiin, 37.1790 0.0255 6.86
51 Decomposed sandstone.................. 241020 0.0610 25.31
52 Sandstone .........ciiiiiiiiiiiiiiinn 20.2285 0.0180 8.89

(6) Tests to ascertain ratio of expansion and contraction. Tests of
this nature are of value for the purpose of (1st) making proper allow-
ance for expansion in parapet walls, and similar situations, and (2nd)
because through expansion the tenacity of the stone is weakened. As
long ago as 1832 Col. Totten, in view of the difficulty of making perma-
nently tight joints even with the strongest cements, instituted a series
of experiments to ascertain the actual expansion and contraction of
granite, sandstone and marble when subjected to ordinary temperature.
He found the rate per inch for each dagree of temperature for granite
to be .000004825 inch; for marble .000005668 inch, and for sandstone
.000009532 inch. That is to say a block of stone one foet in length
raised from a temperature of freezing (82°) to that of a hot summer
day, say 90°, would be expanded to the amount of .005416 inch or
would be 1.005416 inches in length. The amount is apparently
trifling yet it produces a weakening ecffect which is of both cconomie
and geologic significance.

Within recent years some good work in this line has been done
under the dirgetion of the Ordnance Department of the U. S. Army.
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The method of testing has consisted in placing carefully measured
bars of stone in baths of cold water (32° F.), hot water (212° F.), and
back to cold water once more. It was noted that in none of the
samples tested did the stone quite regain its first dimensions on cooling
but showed a slight “ permanent swelling.”  Since this can only mean
that the particles composing the stone have separated though ever so
slightly, it is an important matter as it necessitates a weakening which
is shown by actual pressure tests. The tables given below show the
amount of permanent swelling occurring in stone bars of a gauged
length of 20 inches.’

Granites. ’

Amonnt of

Description. permanent

swelling.

Ineh.
From Braddock quarries near Little Rock, Ark. (Light)................... .0048
From Braddock quarries near Little Rock, Ark. (Dark).................... L0024
From Millbridge, Maine, White Rock Mountain.......................... .0032
From Broad Rock quarry, Chesterfield County, Virginia.................. .0047
From Korah Station, Virginia.......... ... .. .. . i i it .0048
From Excter, Tulare County, California...........ccoiiviiiinnnnnen... .0019
From Rockville, Stearns County, Minnesota...............cevivvann... .0061
From Sioux Falls, Minnesota.........cooiiiiiiiniinnnnnnnnene vunn L0059
From Troy, New Hampshire....... ... ..ottt iiiiiiiniiiiiinninennenn. .0021
From Branford, Connecticut........ccccoo ittt .0043
.0033
From Milford, Massachusetts ........... .0 i ittt iiennnnnnnnns 0071
1. .0040
Marbles.
Description. I]}gfr?]l;lr]z%gg
swelling,
Inch.

Rutland, white, Vermont.... ... . ... i .0135
Rutland, white, Vermont (second eXposure)........oevuevvrieeiiisnnnnnn .0029
Mountain Dark, Vermont ... ...t ittt ittt ittt L0064
Sutherland Falls, Vermont... ...ttt iiinnnnnnen.. P .0107
From 8t. Joe, Searcy County, ArKansas.......uovee e innrnenenrnnennnss .0196
From De Kalb, St. Lawrence County, New York...............ccovviunn. .0055
From Marble Hill, Georgia.. .. .. ..o i it it ieneennnn 0077
RGN . LT, - ot i i e e s e e e et o oe e o [l .0090

*Rep. on Tests of Metals, ete., at Watertown Arsenal, U. S. War Dept.,
1895, p. 322-23.
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Limestones.

Amount of

Description. permanent

swelling.
Inch.
From Isle La Motte, Vermont. ....o.ovvun ittt .0081
From Wasioja, Minnesota. ........ooiieiiiiiiiiiiiiiieneiiiieiienanes .0024
From Fort Riley, Kansas . ......cvineiiiiiiiiiiiiiiieeiiiiiincenneees .0052
From Beaver, Carroll County, Arkansas..........covviiiiiiiiiiiieenns .0060
From Mount Vernon, Kentuncky.......ooviiiiiiiiiiiiiiiiiiiienne, L0075
From Darlington quarry, Rockwood, Illinois .........oovevvie vovene .0114
From Bowling Green, Kentucky.......oooviiniiiiiiiiiier o L0077
L0119
From Bedford, Washington County, Indiana.......c.ooovieniiiiiint, .0025
DY =3 o R PR R L .0070

Sandstones.

Amount of

Description. permanent

swelling,
Inch.
From Cromwell, Connecticut.... ...t i .0067
From Worcester quarry, East Longmeadow, Massachusetts............... .0022
From Kibbe quarry, East Longmeadow, Massachusetts................... .0029
.0003
From Maynard quarry, East Longmeadow, Massachusetts................. .0019
From Kettle River quarry, Pine County, Minnesota ...................... .0018
From Cabin Creeck quarry, Johnson County, Arkansas................ooue .0018
From Sebastian County, Arkansas..... .. ..oiiiiiiiiiieeiieieenns .0015
From Bourbon County, Kansas, ¢ Bandera stone ..........cocvvveeiinnnn L0017
From Piedmont quarry, Alameda County, California...................... .0174
From Olympia, Washington....... ..ottt .0035
From Chuckanut, Washington.............cooiiiiiiii iy .0052
.0148
From Tenino, Thurston County, Washington..................cvtiintn. .0035
DN T U L0047

(7) Tests to ascertain the fireproof qualities of stone. The expan-
sive power of natural temperatures is but slight in comparison with
that induced by the heat of a burning building, which is at times so
great that no natural material can be expected to remain uninjured.
Several years ago H. A. Cutting ' made a small serics of experiments
to ascertain the relative powers of resistance of various stones to
artificial temperatures. According to his results the heat resisting
capacity of the various stones tested stands in the following order, the

1 Weekly Underwriter.
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first mentioned being the least affected: (1) marble, (2) limestone,
(3) sandstone, (4) granite, and (5) eonglomerate. The tests were
however seareely sufficient to fully establish any such law. Prof.
Dodge, to whose work on the Minnesota Survey referenee has already
been made, proceeded as follows:

The prepared samples were first heated to a red heat in a mufile
furnaee, the temperature being raised gradually. Tiwice each sample
was removed with tongs, and earefully inspeeted to note the effeet of
heating.

After this heating test the samples, while still very hot but at a
temperature below redness, were immersed in a tank of water for a
few minutes. The action of the water in eausing eracking or erumb-
ling was noted. Sueh tests are really too severe to be used in any
but the most extreme eases sinee no stone ean be expeeted to pass
through sueh an ordeal unharmed.

nll

_1
1

F16. 15.—Cube for crushing tests.

(8) Tests to aseertain resistanee to erushing. This is far the most
eommon test that is applied to stone. Coneerning the utility of such
tests as usually applied, the writer has expressed himself elsewhere.

The first systematie and really exhaustive series of these tests made
in Ameriea were those of Q. A. Gillmore, of the Engineer Depart-
ment, United States Army, whose results were published in the An-
nual Report of the Chief of Engineers for 1875.

The size of specimens operated upon by Gillmore in the systematie
part of his work was that of a two inch cube. During his preliminary
experiments he found that at least within eertain limits the eompres-
sive resistanee of eubes, per square inch of surface under pressure
inereases in the ratio of the cubic roots of the sides of the Tespeetive
cubes expressed in inehes. Thus the actual resistanee of a % ineh
cube, expressed per square ineh, was about 6,080 pounds, while that
of a 4 ineh cube, that is one having § times the length of side, was
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11,720 pounds per square inch. The general conclusions arrived at
was that having aseertained from an average of several eareful trials
the erushing resistanee of a 1 inch eube, an 8 ineh cube of the same
nature shonld show twice as mmeh resistance per square inch of
erushing surface as the 1 inch. This conelusion was not fully borne
out by later experiments but enough was gained to show that for pur-
poses of fair eomparison it was necessary that all tests be made on
cubes of approximately the same size. Gillmore’s tests showed also
that much depends on the breadth when eompared with the height
of the specimens tested. Thus he found that while an ineh eube
of Berea standstone erushed nnder a weight of 9500 pounds, a bloek
of the same stone 1 inch thick by two inches square, and which con-
tained therefore only four times the amount of material sustained not
merely 4 x 9500 or 38,000 pounds but 76,000 pounds. When the
height or thickness of the specimen was doubled, so as to have the
form of a two inch eube it sustained but 50,000 pounds, and when
the height was increased to twice that of the width, or base, it sns-
tained only 44,000 pounds.

Gillmore further found that there was a great difference in the
results obtained by ernshing between plates of various kinds of mater-
ial as wood, leather, lead and steel, in every case the tests between
steel plates yielding the highest resnlts, a fact which was shown to
be due to the lateral spreading action of the other substances men-
tioned. As a result of these and other trials which need not be given
in detail here it seems best that pressure tests be made on two ineh
cubes, the faces of whieh have been carefully sawn or ground so that
no ineipient fractures are developed, and those which are to come in
contact with the steel plates rubbed with a very thin coating of plaster
of Paris to fill in all inequalities. In the process of testing it is cus-
tomary to note (1st) the number of pounds registered by the crushing
machine when tlie stone first begins to show signs of fraeture, and
(2nd) the number registered when it actually erushes. Both of these
plenomena are noted in the aeccompanying tables (p. 145, 156, 164).

The result of many experiments has been to show that most lami-
nated or bedded rocks will bear a greater pressure in a direetion at

8
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right angles to their bedding than parallel thereto. That is, a block
will stand more if laid on its natural bed than if stood on edge. This
result may not always appear in a small serics of tests owing to
sundry imperceptible differences in the speeimens tested, but it is
nevertheless true in a general way.

Study of the results of large numbers of tests that have been made
at periods extending over many years have shown that the results of
recent tests are much higher than those several years ago, even on
the same class of material. This result, which is simply due to the
perfection to which the methods have been brought, is so great that
very unfair deductions may be drawn regarding the relative strength
of materials tested at different times under perhaps different eondi-
tions. In fact there are few things more misleading than a tabulated
statement of crushing strengths, made at intervals covering many
years, on cubes of varying sizes, and under conditions whieh are not
stated.

It is interesting to note the form assumed by the fragments as a
result of erushing.

As a rule, a perfectly homogeneous rock gives rise to eonical or
pyramidal fragments according as the stone is friable, of a pronounced
granular structure like sandstone, or compact as are most granites.
Stones crushed on edge naturally split up into flakes or slabs. In the
plate herewith given (Plate VI) are shown the shape of the fragments
formed during the tests tabulated. (See p. 113.)

In all this work of testing the strength of stone it is well to remem-
ber that stones as a rule are epparently weaker when saturated with
moisture than when dry. It is true that we have not at hand to-day
sufficient data for proving this conclusively, but such data as are at
hand are more than merely suggestive. Thus MM. Tournaire and
Michelot have shown ' that cubes of chalk three decimeters in diameter
crushed wet under a pressure of but 18.6 kilograms; but when air
dried under 23.5 kilograms and when stove dried under $6.2 kilo-

grams. Delesse’s experiments on 5 centimeter cubes of chalk and the
“ calcaire grossier ” found that the chalk when wet crushed under a
pressure of 12.9 kilograms; when air dried 23.6 kilograms, and when

*American Journal of Science, 3rd series, vol. xvi, 1878, p. 151.
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stove dried 36.4 kilograms. The limestone (ealcaire grossier) erushed
when wet under 24.35 kilograms, when air dried kilograms, and
when stove dried under 42.7 kilograms. Inasmuch as stones in a
foundation are subject to periodic or perhaps constant saturation these
facts are worthy of consideration.

It is well to note here too that the effect of temperature changes
upon stone is weakening. In the tests made by the Army Engineers
to whieh we have already referred * it was found that samples which
had been submitted to the hot and eoid water tests to ascertain their
cocfficient of expansion and contraction had suffered to a remarkable
degree. The aferage result showed that the stones from the water
baths lost in strength on an average 34.9 per cent, the granites, after
passing through both hot and cold water tests, posscssing but 83.7 per
cent their original strength; the marbles 46.2 per cent; the limestones
58.8 per cent, and the sandstoncs 66.9 per cent.

— Za" =

&

— F —
Fi1g 16.—Bar for expansion tests.

Tests on bricks made by the United States Army Engineers showed
that the wet samples had as a rule but 85 per cent the strength of the
dry ones, the greatest loss in strength oecurring in medium hard and
hard briek.

(9) Tests to ascertain elasticity of stone. Tests to ascertain the
elasticity of stone when subjected to compressive and transverse
strains, have also been made by the United States Army Enginecrs,
and the results obtained may well be noted briefly here, though for
details the reader is referred to the original publieations.’

The tests of elastie properties under compression were made upon
prisms 4-in. by 6-in. by 24-in., the loads being applied parallel to the

* Report on Tests of Metals, ete., 1895.
?Report of the Tests of Metals, etc., made at Watertown Arsenal. Years

1890, 1894 and 1895, Washington, D. C.
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direetion of the long sides (see Fig. 16), the compressibility being
measured by means of a mierometer. It was found here, as in the
tests for ascertaining expansion that the stones shortly developed a
permanent < set,” from which they did not recover during the period
of time over which the observations were extended.

COMPRESSIVE ELASTIC TESTS.

APPLIED LOADS. 20”7 IN GAUGED LENGTHS.

~ =— ~

Total pounds. ufl’er Bquare Compr(;lsslon Set inch.

¢h pounds. inch.
Granite, Milford, Mass.................. 215,460 9,000 0.0229 .0015
Granite, Troy, New Hampshire.......... 243,600 10,000 L0411 ..
Granite, Troy, New Hampshire.......... 219,240 9,000 L0379 .0062
Marble, Cherokee, Georgia.............. 144,960 6,000 .0133 .8
Marble, Cherokee, Georgia.............. 48,320 2,000 L0037 .0006
Limestone, Mount Vernon, Kentucky.... 59,832 2,400 .0182 or
Limestone, Mount Vernon, Kentucky.... 2,493 100 = .0032
Sandstone, East Long Meadow, Mass.... 96,400 4,000 L0554 2o
Sandstone, FEast Long Meadow, Mass .... 2,410 100 b o .0136
@/L
-
2
20" =
QT B

Fic. 17.—Bar for elasticity tests.

The transverse tests were made on similarly prepared prisms, sup-
ported at the ends, the load being applied at the middle as shown in
Fig. 17. In the table below is given the results of a few seleeted
tests, as determined by the authorities referred to, the term modulus
of rupture signifying the weight in pounds under which the bar
breaks; only the maximum results are tabulated.
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TRANSVERSE TESTS.
Pink Granite from Milford Pink Granite Company, Boston, Mass.

Dimensions. Ultimate strength,
No. of Distance between Modulus of
tests. end supports. Breadth. Depth. Total. rupture.
Inches. Inches, Inches, Pounds. Pounds.
203 19 4.03 6.03 9,020 1,745

Granite from Pigeon Hill Granite Company, Rockport, Mass.

T Dk it Dimensions. Ultimate strength,

o nce between

t:stg. :gd %gpports. Breadth, Depth, Total. Lrl‘?gtu“];‘; f{
Inches. Inches. Inches. Pounds. Pounds.

204 19 4,03 6.02 12,320 2,404

205 19 4.01 6.06 12,450 2,416

Fiu, 18.—Bar for ahiarlng testa

(10) Tests to ascertain resistance to shearing. The term shearing
as used in geology includes a strain due not merely to pressure in one
direetion, but also those due to pulling or thrusting in all direetions
up to those perpendicular to the first. It is a form of strain likely to
be brought to bear on stone in many parts of a building, bridges, ete.,
and is by no means unimportant. As performed by the Army Engi-
neers the test eonsists in subjecting prepared prisms supported at each
end by blocks 6 inches apart, to pressure applied by means of a
“plunger ” having a face 5 inches wide, there being then a clear-
ance space of half an inch between the sides of the plunger and the
blocks on each side, below (see Fig. 18).
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AND DECORATIVE STONES

The results of a few experiments of this nature are given below.
It is worthy of note that “ before the shearing strength was reached

during the tests, tension fractures were developed on the under side
of the stone midway the 6-inch free span, and there were instances
in which longitudinal fractures opened in the ends of the stones, cor-
responding to shearing along the grain in the tests of timber.”

NATURAL STONES.—Sneanine TEsTs.

Stones from Charles River Stone Company, Boston, Mass.

No. of

tests, Description.

240 |Milford granite, Milford, Mass.

2
Shearing kT g
dimension. it
=
7]
Inches, 8q. in,

[4.02 x .03 x 2148.48

[
[4.02 x 6.01 x 2/48.32

241 co a 06 Ko

242 Branford granite, Branford, Conn...../4.04x 6.0Lx 2'48.56
|

243 ag aa o G403 6.01 x 2/48.44

244 Troy granite, Troy, New llampshire... ‘4. 03 x 6.00 x 2/48.36|

245 o “ u “© “

oo [4.06 x 6.02 x 2]48.88

246 Maynard stone, E. Long Meadow, Mass.:3.09x 6.01 x 2I47.96

L U “ %3 “ e

o 14.02%x6.00x 2

{

48.24

248 Worcester stone, E. Long Meadow, ¢ [4.00x 6.00 x 2/48.00

249 o “ «“ «

250 Kibbe stone, East Long Meadow, Mass. 4.00x 6.00 x 2

251 13 ‘e “ “

« (4,00 x 5,98 x 2/47.84

o 14,00x 6.00x 2

45.00
48.07

252 Southern marble, Marble 1ill, Gaorgia. 4,02 x 6.00 x 248.24

5.
253 « « e I

954 |Tuckahoe marble, Tuckahos, New York. 4.02 x 6.01 x 2'

55 | m n « m

o 4.02 x 6.00 x 2{48.24

t 4.02% 6.00x 2

48.32
48,24

)

& gg g Shearing

EE gzg strength.

§25°% — Per

&g

Fega Total. [square

A WA inch,
1bs. ibs. 1bs.

24,%001108,400{2, 256

27,300/158,500/2, 872|

18,900 93,500
19,600 | 84,400
29,900 107,900
34,400 /107,400
25,500 53,700
19,900 62,100
22,900/ 66,400
26,200 | 52,709
25,100 47,600
29,400 62,800
26,700 | 56,100

30,300 | 72,400

1,925
1,742
2,281
2,197
1,120
1,287
1,383
1,102
992
1,308

1,168

1,501

29,850 75,100‘1,554

35,700( 63,800

NATURAL STONES.—3HEARING TESTs.

Pinke Granite from Milford Pink Granite Company, Boston, Muass.
“hearing strenglh.

Transverse

of Shearing Shearing friciure
fest dimensjons. urea. developed on len-
= slon side.
Inches. sq. inch, Pounds.
262 6.01x4.02x?2 48,52 38,300

Totai.

Pounds.
88,200

Per squaic inein

Pounds.
1,825

“urfaces
sheared.

onz

1,426
|

Surfaces
shearcd

one
two
one
oue
one
ouce
one
two
two
two
two
o
one
one

on:

Ol 2
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Granite from Pigeon Hill Granite Company, Rockport, Mass.

Shearing strength.

No Transverse - §'U
2ot Shearing Shearing fracture =4
test dimensions. area. developed on ten- Total. Pe