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STATE OF VERMONT.

OFFICE OF STATE GEOLOGIST.

BURLINGTON, VT., December 1st, 1914.

To His Excellency, Allen M. Fletcher, Governor of Vermont:

Sir:—In accordance with Section 279, Statutes of 1900, I
herewith present my Ninth Biennial Report as State Geologist.

The introduction following gives a summary of the work
which has been carried forward during the years 1913-1914 by
several who have aided greatly in the study of the Mineral Re-
sources of the State.

There can be no doubt that such investigations as are re-
corded in the following pages will materially advance the interests
of the State.

A very important part of the work accomplished during the
past two years has cost the State little or nothing. This is espe-
cially true of the extensive work of Professor T. N. Dale as,
through the assistance of the United States Geological Survey,
his papers on the Marble of Vermont, by far the most valuable
ever prepared on this subject, have been supplied entirely without
cost and all the illustrations have been furnished by the Director
at a small fraction of the original cost.

It has been with much satisfaction that in our work we have
been able to make use of some of the maps produced by the
Topographical Survey which has been in progress during the last
two years. These maps are absolutely essential to accurate geo-
logical work and it is to be greatly hoped that the necessary co-
operation with the National Government on the part of the State
will be continued.

The usual office work of this Department has been carried on.

The importance of the quarries of Vermont as well as that
of some of the mines has been for some years steadily increasing
and their products are exceedingly valuable to the State and form
a not inconsiderable part of its revenue, amounting, as shown on
following pages, to nearly one-half that of all agricultural
products.

Very respectfully,

GEORGE H. PERKINS,
State Geologist.



INTRODUCTION.

In presenting the Ninth Biennial Report of the Geological
Survey of Vermont I wish to call attention to the articles of
which the volume is made up.

As will be noticed, considerable space has been given to the
Marble Deposits and Marble Industry of the State. Of the
importance to Vermont of its marble there is little need to speak
and because of this as full an account of the deposits and man-
ufacture of this stone as can be given will not be out of place in
this Report. In earlier Reports, notably the Fifth, Slate has been
especially considered and in the Seventh, a Bulletin by Dr. T. N.
Dale on the Granites of Vermont, was republished from the issue
of the U. S. Geological Survey.

During the last year, 1913, the United States Geological
Survey published as Bulletin 521 a very full and valuable account
of “The Commercial Marbles of Western Vermont” by Dr. T. N.
Dale than whom no one could have been more competent for the
task. In this Bulletin all the marbles which are at present worked
and sold in the State are included.

As was done with Bulletin 404 on the “Granites of Vermont”
it has been thought best to reissue this Bulletin 521 in the present
report for, although not inaccessible to the people of the State in
its original form, it is less easily obtained by Vermonters than is a
publication issued by their own State. Moreover, in the opinion
of the writer all such material should be included in the scientific
literature of the State.

Certainly none of our products are more important than is
marble and any literature that bears upon this subject must neces-
sarily be of the highest interest and importance to our citizens.

In the republication of the Marble Bulletin as was also the
case with that on Granite, the United States Survey have afforded
every assistance in their power.

As it is here published with the original maps and illustra-
tions the expense would have been prohibitive had not this aid
been granted and full acknowledgement is due the Survey for
the use of the stones from which the four colored maps were
printed and for permission to make electrotypes of the illustra-
tions as well as free use of the text.

Following the more technical discussion by Dr. Dale there
will be given a general account of the marble industry as it has
been from the first and is now carried on.

The Bulletin as here published varies in a few places from
the original publication as Dr. Dale has made a few corrections
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in the text of the first issue which are incorporated in the present
report.
Just in time to add it to the above Bulletin, an advance proof
of Dr. Dale’s latest Bulletin on the Marbles and Limestones of
Eastern Vermont has been very kindly supplied by the Director
of the U. S. Geol. Survey and with this we have by far the most
complete discussion of these materials in Vermont that has ever
been made. Therefore it is with great satisfaction that these two
Bulletins can be presented in this Report. This would not have
been possible without the cordial assistance of the National
Survey.

In order that the whole subject might be as fully treated in
this Report as possible the Geologist has supplemented Dr. Dale’s
work with an account of the history, methods of manufacture
and varieties of marble which it is hoped will be found useful for
reference by anyone interested. The Vermont Marble Company
have rendered much assistance in this part of the work by sup-
plying information and the loan of a number of illustrations.

During the last two years the State in cooperation with the
United States Geological Survey has carried on Topographical
work in Chittenden and Franklin Counties and the maps of these
counties are now completed. That this most desirable work may
be continued by future Legislatures is very important.

In order that anyone wishing to know just what portions of
the State have been mapped up to the present time may be in-
formed the Geologist has written an account of the Survey in
nd has tabulated the different areas which have been
o that it is not at all difficult to determine speedily
whether maps of any part of Vermont have been mapped. It is
also stated how the maps may be obtained. Professor C. H.
Richardson of Syracuse University has gone on with his work
which for ten years he has been carrying on in the northern part
of the State, studying the rocks of different towns from year to
year. His contribution to the present Report will be found to
cover the towns of Greensboro, Woodbury and Hardwick.

Professor C. E. Gordon of Massachusetts Agricultural Col-
lege has for several years been studying the rocks of Bennington
County and in the article published under his name has given
some of the results which he has obtained.

Lastly, the Geologist has compiled the latest available in-
formation as to the various Mineral Industries of Vermont.

general a
mapped s

(=)
{;y,pm;wd L 8337
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cost and all the illustrations have been furnished by the Director
at a small fraction of the original cost.

It has been with much satisfaction that in our work we have
been able to make use of some of the maps produced by the
Topographical Survey which has been in progress during the last
two years. These maps are absolutely essential to accurate geo-
logical work and it is to be greatly hoped that the necessary co-
operation with the National Government on the part of the State
will be continued.

The usual office work of this Department has been carried on.

The importance of the quarries of Vermont as well as that
of some of the mines has been for some years steadily increasing
and their products are exceedingly valuable to the State and form
a not inconsiderable part of its revenue, amounting, as shown on
following pages, to nearly one-half that of all agricultural
products.

Very respectfully,

GEORGE H. PERKINS,
State Geologist.



INTRODUCTION.

In presenting the Ninth Biennial Report of the Geological
Survey of Vermont I wish to call attention to the articles of
which the volume is made up.

As will be noticed, considerable space has been given to the
Marble Deposits and Marble Industry of the State. Of the
importance to Vermont of its marble there is little need to speak
and because of this as full an account of the deposits and man-
ufacture of this stone as can be given will not be out of place in
this Report. In earlier Reports, notably the Fifth, Slate has been
especially considered and in the Seventh, a Bulletin by Dr. T. N.
Dale on the Granites of Vermont, was republished from the issue
of the U. S. Geological Survey.

During the last year, 1913, the United States Geological
Survey published as Bulletin 521 a very full and valuable account
of “The Commercial Marbles of Western Vermont” by Dr. T. N.
Dale than whom no one could have been more competent for the
task. In this Bulletin all the marbles which are at present worked
and sold in the State are included.

As was done with Bulletin 404 on the “Granites of Vermont”
it has been thought best to reissue this Bulletin 521 in the present
report for, although not inaccessible to the people of the State in
its original form, it is less easily obtained by Vermonters than is a
publication issued by their own State. Moreover, in the opinion
of the writer all such material should be included in the scientific
literature of the State.

Certainly none of our products are more important than is
marble and any literature that bears upon this subject must neces-
sarily be of the highest interest and importance to our citizens.

In the republication of the Marble Bulletin as was also the
case with that on Granite, the United States Survey have afforded
every assistance in their power.

As it is here published with the original maps and illustra-
tions the expense would have been prohibitive had not this aid
been granted and full acknowledgement is due the Survey for
the use of the stones from which the four colored maps were
printed and for permission to make electrotypes of the illustra-
tions as well as free use of the text.

Following the more technical discussion by Dr. Dale there
will be given a general account of the marble industry as it has
been from the first and is now carried on.

The Bulletin as here published varies in a few places from
the original publication as Dr. Dale has made a few corrections
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in the text of the first issue which are incorporated in the present
report.
Just in time to add it to the above Bulletin, an advance proof
of Dr. Dale’s latest Bulletin on the Marbles and Limestones of
Eastern Vermont has been very kindly supplied by the Director
of the U. S. Geol. Survey and with this we have by far the most
complete discussion of these materials in Vermont that has ever
been made. Therefore it is with great satisfaction that these two
Bulletins can be presented in this Report. This would not have
been possible without the cordial assistance of the National
Survey.

In order that the whole subject might be as fully treated in
this Report as possible the Geologist has supplemented Dr. Dale’s
work with an account of the history, methods of manufacture
and varieties of marble which it is hoped will be found useful for
reference by anyone interested. The Vermont Marble Company
have rendered much assistance in this part of the work by sup-
plying information and the loan of a number of illustrations.

During the last two years the State in cooperation with the
United States Geological Survey has carried on Topographical
work in Chittenden and Franklin Counties and the maps of these
counties are now completed. That this most desirable work may
be continued by future Legislatures is very important.

In order that anyone wishing to know just what portions of
the State have been mapped up to the present time may be in-
formed the Geologist has written an account of the Survey in
nd has tabulated the different areas which have been
o that it is not at all difficult to determine speedily
whether maps of any part of Vermont have been mapped. It is
also stated how the maps may be obtained. Professor C. H.
Richardson of Syracuse University has gone on with his work
which for ten years he has been carrying on in the northern part
of the State, studying the rocks of different towns from year to
year. His contribution to the present Report will be found to
cover the towns of Greensboro, Woodbury and Hardwick.

Professor C. E. Gordon of Massachusetts Agricultural Col-
lege has for several years been studying the rocks of Bennington
County and in the article published under his name has given
some of the results which he has obtained.

Lastly, the Geologist has compiled the latest available in-
formation as to the various Mineral Industries of Vermont.

general a
mapped s
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THE COMMERGIAL MARBLES OF WESTERN VERMONT.

By T. NeLsoN DALE.

INTRODUCTION.

This publication has a twofold object—to bring the science of
geology to bear upon the problems of the marble industry in
western Vermont and briefly to make known the more important
scientific results obtained in the course of the mapping of the
marble belts of that part of the State and in the study of its
marbles.

The marble district specially considered lies west of the Green
Mountain Range in Bennington, Rutland, and Addison Counties,
but the reddish dolomite marble quarried at Swanton, in Frank-
lin County, and the black calcite marble quarried on Isle la Motte,
in Grand Isle County, are also described. The green serpentine
of Roxbury, nearly in the center of the State, in Washington
County, and the chrome mica schist of Shrewsbury, in Rutland
County, have also been included. The bulletin covers all the
quarries of commercial marble that were in operation in the State
in 1910. The marble deposits on the east side of the Green
Mountain axis, including the small disused quarries in Orange
County, are not here considered.

The field work was done by the writer in parts of the summers
of 1888, 1899, 1900, 1903, and 1904. Mr. F. H. Moffit spent the
F summers of 1899 and 1900 and a month in 1902 on the areal and
structural geology of the marble belt and adjacent schist masses
in Arlington, Sandgate, Manchester, Dorset, Danby, and Tin-
mouth. His maps, notes, sections, and specimens have been
used in the preparation of this bulletin. Mr. N. C. Dale assisted
the writer in the summer of 1903. The writer also spent most
of the summer of 1910 in visiting all the active marble quarries of
 the State and in otherwise completing the work begun in 1888.
The notes on the texture of marble (pp. 43-47) are based
on the study of 200 thin sections.

Mr. George Steiger, of the Geological Survey, has contrib-
uted a quantitative determination of the graphite in the gray
marble of West Rutland. Mr. W. T. Schaller, also of the Survey,
1
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itati inati itic bed near
de a qualitative examination of a dolomitic bed n¢

%iin?c?n,eand %e and Mr. J. S. Diller have made an examlnEatloSn
of the chrome mica schist marble of Shrewsbury. Mr. E. 5.
Larsen has also made a few petrographic determinations. .

The marble companies have materially aided the workl_ v
placing their core-drill records at the writer’s service, by faci 1}t1§-
ting his investigations, and by furnishing sawed cubes for thin

1 and polished specimens. . )
SeCtl(’)Il‘l}fe elerflentary geologic principles which should guide the
quarryman and the prospector in the marble belts of western Ver-

outlined on pages 71-79. ] '

montlr:;l rgrder to rendé)r the bulletin more widely sex:v1ceable as
few technical terms as possible have been used, even in the more
scientific parts. A glossary of such techn;iz;%tieglgs as have un-

idably been used will be found on pages 156-15¢.
e Ii i}s, proposed to supplement this bulletin by one on the
marbles of eastern Vermont.

THE WORK OF VERMONT GEOLOGISTS.

Much work has been done by geologists of Vermont on the
g i arbles. ) _
beOIO'lg‘ﬂeoét:tSe r11"leport of Hitchcock and Hager, publ}sh§d in 1861,
laid the foundation for all future work.  Next in én;)portancz
were the discoveries of Rev. Augustus Wing, published by ]::lt.mel
D. Dana in 1877, determining the geologic age and struchilra
relation of various parts of the marble and limestone aflre}?& ‘:12
came the general summary of the ‘geologlc features of the mar.th
belt by President Ezra Brainerd, in 1885‘, and in connection w1b
it the interesting economic papers published the same yea{\I v
Prof. Henry M. Seeley on the marble industry of western fe\fi
England and its early beginnings in Vermont. These \];vereP Of
lowed, in 1898 to 1908, by several annual reports by ro(i
Georg’e H. Perkins, State geologist, in which the location and
characteristics of the quarries were given, the marble %i‘ms an
plants noted, and the colors and shades of all the marbles czt;.re;
fully described. The report for 1908 also contains two 1mpo€ ;ui
papers by Prof. Perkins on the geology of.Frankhr‘l‘ él}rlld 1l'r_1
tenden Counties and the formation to which the amp atl)
marbles” belong. The same report also includes a pﬁpegt ty
George E. Edson on the geology of Swanton. Finally, the ate
geologist’s report for 1910 contains a brief reference to the mar;
ble industry and some photographs of unusual folds in the grea

in Leicester. .

marb'}‘ehtéehtesign of this bulletin is not to supplant or dupll?[at?,
but to complement the work of the geologists of the State. ; ‘E( }:s
expected that this will be accomplished not only by means of the
geologic maps and sections and the results of the microscopic
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study of the marbles but also by furnishing those engaged in the
marble industry a brief key to the structural geology of the
marble beds.

The reader will be frequently referred to the reports of the
State geologists for information on special points. A bibliography
of Vermont marbles will be found on pages 49-53.

MARBLE IN GENERAL.
LIMESTONE AND MARBLE.

If a chemical precipitate pf carbonate of lime is examined
microscopically, it will be found to consist of irregular, infinites-
imal granules of uncrystalline matter. When analyzed, this ma-
terial will be found to have essentially the composition of what is
technically known as marble or crystalline limestone. A thin sec-
tion of marble, when placed under a microscope, is seen to be an
aggregate of translucent to transparent crystalline plates, gen-
erally of irregular outline, of calcite or dolomite, with the rhom-
bohedral cleavage characteristic of these minerals, and also gen-
erally crossed by twinning planes. These twinning planes, which
are so conspicuous in thin section of marble, are due to the
growth of two crystals in such juxtaposition (but not parallel)
that there is a uniform mathematical relation between the axes
of the two crystals. The twinning plane seen in the crystalline
grain of a thin section of marble is the plane along which the two
crystals meet. But as this twinning process generally repeats
itself in the same crystalline mass or particle, a single microscopic
grain may contain several such planes. The difference between
a collection of individual crystals of calcite and a piece of calcite
marble is that the former, like granulated sugar, consists of com-
plete crystals, whereas in calcite marble the crystals have been
formed so close to one another that no one crystal has been able
to complete itself. There has been no space for the formation
of the faces of individual crystals.

Many so-called granular limestones when examined micro-
scopically are found to consist of exceedingly minute, irregular
plates of polarizing but untwinned calcite. Such limestones are
really part-way marbles.

A few specimens of limestones were examined microscopic-
ally to throw light on the relation of limestone and marble :

A very fine-grained limestone, Chickamauga (201), collected by
Dr. C. W. Hayes near Attalla, Ala., with flintlike fracture, brownish-
gray color, and strong effervescence with Hel, consists of irregular
polarizing particles 0.0028 to 0.006 millimeter in diameter, with sparse
polarizing plates, some of them of rhombic form (dolomite), 0.008 to
0.02 millimeter in diameter, and sections of fossils.

Another limestone, Chickamauga (202) collected also by Dr. Hayes
near White Cliff Springs, near Starrs Mountain, in Tennessee, has a

very fine texture, is dark brown in color, effervesces strongly, is finely
veined and fossiliferous. In thin section this rock shows irregular
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nodules of very fine polarizing granules of irregular form in a matrix
of polarizing calcite particles. Nodules and matrix are crossed by fine
veins of calcite. The fossil sections polarize.

An oolitic limestone from Short Creek, Galena, Kans., with a light-
brownish cement and strong effervescence, consists of slightly flattened
spherules, 0.02 to 0.05 millimeter in diameter, of polarizing irregular
grains (0.006 to 0.014 millimeter) lying in a matrix of polarizing and
twinned calcite plates.

It is usually assumed that natural chalk is uncrystalline, but
the crystalline nature of chalk has been determined by Kauff-
mann and verified by Renard.?

The difference between one of these semigranular limestones
and a true marble appears in polishing. The marble alone yields
a brilliant surface, which is due to the effect of light upon its
uniformly crystalline particles.?

DEFINITIONS OF MARBLE.

The distinctions indicated lead to the following definitions :

Marble in the technical sense is a rock consisting mainly of
crystalline particles of calcite or dolomite or of both. But marble
in the commercial sense includes a wide variety of stones and
even some of very different composition and history. A Vermont
serpentine is described on page 41 and a chrome mica schist on
page 42. Both are commercial “marbles.”

CHEMICAL COMPOSITION.

The chemical composition of marble varies primarily accord-
ing as it consists of calcite or of dolomite or of an admixture of
both. White calcite marble is almost entirely carbonate of lime.
In white dolomite marble carbonate of magnesia takes the place
of part of the carbonate of lime. ~As the colored marbles of these
two sorts contain small percentages of other minerals (graphite,
quartz, hematite, limonite, magnetite, pyrite, muscovite, actinolite,
tremolite, etc.), their analyses differ slightly from those of the
white marbles.

A few reliable analyses of typical American and European
marbles follow :

Analysis of white calcite marble from West Rutland, vt

Insoluble ... ..ot 8.00
Alumina (ALO;) . ovrvrviniimie s .39
Ferrous oxide (FeO) ...oviriniiinininninn, 14
Magnesia (MgO0) .....vvineiimniiiiiiananne. Trace
Lime (Ca0) .oviii it 50.79
Water (H,0) at and above 105° .................. 1.01
Carbon dioxide (CO;) ..vvvvvniiniiiiinnns 39.80

100.13

1 Renard, A. F., Des caractires_distinctifs de la. dolomite et de la calcite
dans les roches calcaires et dolomitiques du cdlcaire carbonifére de Belgique:
Bull. Acad. roy. Belgique, vol. 47, 1879, p. 555. X

2 Qee, for a discussion of the effect of light on polished stone surfaces,
Seipp, H., Italienische Materialstudien, Stuttgart, 1911, pp. 76-105.

3By L. G. Eakins, Bull. U. S. Geol. Survey No. 419, 1910, record No.
1213, p. 189,
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Analysis of white calcite marble, slightly Mottled with gray, from the
Columbian quarry, Proctor, Vil

Calcium carbonate (CaCO;) .................... 93.37
Magnesium carbonate (MgCO,) .77
Iron carbonate (FeCO,) .............oooivoriiin, 034
Manganese and aluminum oxides ................. :005

Siliceous matter insoluble in acid
Organic matter

99.889

As is shown on page 33, these clouded marbles contain

minute lenses and beds of dolomit he
MgCO,. omite, which account for the

Analysis of white dolomite marble from Lee, Mass.?

Insoluble ............ .. ... ... ... . ... ..., 0.19
Alumina (ALO,) .......oooooonnnn | .24
Ferric oxide (Fe,0,) «ooovvoernnrnnnnn 10
Calcium carbonate® (CaCO,) ................. ... 5514
Magnesium carbonate* (MgCO,) ................. 43.88
99.45

[ 1 ‘ 2
Insoluble ..........................
Calcium carbonate (CaCOz) ............ ... 5416
Magnesium carbonate (MgCOs) ............... .. 00" 4 08
Iron carbonate (FeCOg) ........ 5'0?)
Manganese carbonate (MnCOj;) 32
100.204 100.03

*Vogt, J. H. L., Norsk Marmor, 1897
Hammarfald, Rosvik; 2, white, from Hemn'azg. Si?jeli.l' Cream colored, from

The following are two analyses of calcite marbles from the
quarries worked by the ancient Greeks:

Analyses of Greek Marbles.*

]

Calecium carbonate (CaCO ..
Forcium car] (F‘e203() 8) e e 100.({3% 100.09

100.124 100.09

*Lepsius, G. R., Griechische Marmorstudien, Berlin,

" , y 1 1890, .1 .

kth Lower white Pentelicon” marble from Mount Pente’licon, ngll')theass’t ng
ens, milk-white color; 2, “Lower white Attic marble” from Agrilesa Val-

ley, 23 i i i i
bﬁrﬁsh_/ér;n;htaisnaorth of Cape Sunium or 25 miles southeast of Athens, light

!By S. L. Penfield, Yale University, T i
Survze%, Pt 6 conmay Tiae Unive ¥, Twentieth Ann. Rept. U. S. Geol.

1279, p71]§7§,A' Schneider, Bull. U. S. Geol. Survey No. 419, 1910, record No.

3 Recalculated from CaO and CO, of original
i Recalculated from MgO and COzg of origginaai.
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1 ates that the Pentelicon marble contains a few
grainI;engI;ja:ttz and scales of muscovite and chlorite, some pyrite
with a zone of limonite stains, and more rarely very mlnu’t}el grPams
of magnetite. The golden-brownish film noticeable on Ii e ai—
thenon and other Greek structures made of this mqrgell§ ?1 -
tributed to this content of Fe,O/H, In contrast _Wl’ch this 11e
finds that the marble of the Agrilesa Valley, which is ¢ elmlca y
pure calcium carbonate, forms no such crust in ancient sculptures.

Analysis of white Norwegian calcite marble from Velfjorden, Troviken.t

Calcium carbonate (ga;COs) ......................
Iron carbonate (FeCO;) ...cvviiiiiniininnnnenns .
Manganese carbonate (MnCO;) ................... 0026

Magnesium carbonate (MgCOy) ................... gg
INSOIUBIE .ottt et e .
100.86
Analysis of Carrara marble?
Calcium cabonate (CaCO;) ......cvviviiennaans 99.57)(‘)
Magnesium carbonate (MgCO;) ...............oun. :16

ilica (Si0,) - cvviriiit i i e
ilumin(a anzd iron sesquioxide (ALO;, Fe,0;)........ .08

99.91

i gi ) : Calci bonate

i aoli® gives for Carrara marble: Calcium car
(CaCGéar)npextreI%es 98 to 99 per cent; magnesium garbonat(e):
(MgCC;S)’, maximum 0.9 per cent; silica (SiO,), maximum 1.

per cent.

Analyses of Carrara and Tyrolese marbles.*

Schlanders, Tyrol.

Cz:’;;rea, White to
mottled. Mottled, | grayish,
coarse. ver
‘ hard,
99.010 97.040
Calcium carbonétte éCaZCI\tg)gac):O.j ................ 99;22 a0 1%
Magnesium carbonate 8) e
Irgg((gigeis (FeO, Fe.0s) and phosphoric oxide 951 062 Tig'gg
1 3Dy i s
Silica. (SiO2)
1 2 99.771 99.593 99.509
2,732 2.700 2.566

Specific gravity at 16.256° C. ........ .. ...

*Wittstein, G. C., Untersuchungen einiger weissen Marmorarten, 1851.

Tt will be noticed that the calcite marbles in all the analyses

show a range of 99.04 to 100 per cent of calcium carbonate.

., Norsk Marmor, 1897, p. 19.
igggéﬁguslgh, LH.‘ Elemente der Gestel)pslehre, 73d ed.,
3 Giampaoli, A., I marmi di Carrara, P’isa, 1897.

1910, p. 521,
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A composite analysis by H. N. Stokes of 498 constructional
limestones is given for comparison. The principal difference is
in its high percentage of silica (14.09) and its small percentage
of calcium carbonate (72.50).

Composite analysis of 498 constructional limestones.®

Silica (S10,) ......oooovvii i 14.09
Titanium dioxide (TiO,) ................. 00" .08
Alumina (ALO,) ................. ... 1.76
Iron oxides (Fe,0,, FeO) ................... 01" 17
Manganese oxide (MnO) .........ooovinnn . 03
Calcium carbonate (CaCOy) oo, 72.50
Magnesia (MgO) ................... ... 4.49
Potash (K.0) ............. ... .. . .. /" .58
Soda (Na,0) .............. ... ... ... .62
Lithia (Li,0) ...................... ... Trace
Water combined (HO) oo, .30
Water uncombined and organic matter ............ .88
Phosphorus oxide (P,0,) .......................~ 42
Carbon dioxide (CO,) ................. ... 3.68
Sulphur (8) ............... . ... .07
Sulphur trioxide (SO:) oo 07
Chlorine (Cl) .............. .. ... ... 01

100.34

The dolomite marbles in the analyses show a range of 30.27
to 30.88 per cent of lime and of 21.42 to 21.87 of magnesia, but a
pure dolomite contains 30.4 per cent of lime and 21.9 of magnesia.?

Dieulafait® determined the presence of diffused manganese in
the marbles of Carrara, Paros, and the Pyrenees. Many of the
exceedingly minute black particles present in all the white marbles
examined by the writer may be an oxide of manganese. Two
analyses of rose-colored calcite marble from eastern Vermont
made by George Steiger, of the Survey, for another bulletin by
the writer show 0.23 and 0.49 per cent of manganese oxide.

Lepsius* notes that several of the Greek marbles (Paros,
Naxos, Pentelicon, Hymettos, etc.) yield a marked bituminous
odor when struck, which he attributes to the presence of a small
amount of hydrocarbon.

Egenter® calls attention to the odor of the contact-meta-
morphic marble of Carinthia, in Austria, which he attributes to
sulphureted hydrogen.

1 Clarke, F. W., The date of geochemistry, 2d ed.: Bull. U, §. Geol. Survey
No. 491, 1911, p. 533, analysis H. In copying the analysis part of the CO,
OCf é}(l)e original has been combined with the CaO to show the percentage of

aCOj.
zClarke, F. W., op. cit., D. 544, analysis F.

3 Existence du mangandse A I’état de diffusion compldte dansg les marbres
bleussséie 9?arrare, de Paros et des. Pyrénées: Compt. Rend., vol. 98, 1884,
pD. -591.

4 Lepsius, G. R., Griechische Marmorstudien : Anhang Abhandl. K. Akad.
‘Wiss. Berlin, 1890.

° Egenter, Paul, Die Marmorlagerstiitten Kirntens : Zeitschr. prakt. Geolo-
gie, vol. 17, 1909, pp. 419-439.
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Lindenmann® reports that the Bardiglio marble of Carrara
and the marble of Sterzing, in the Tyrol, both emit a very strong
odor when struck.

Further chemical details as to the marbles will be given in the
description of the different marbles.

PHYSICAL PROPERTIES.

Marble, besides possessing the qualities of hardness, cohesive-
ness, compressive strength, porosity, expansiveness under heat,
thermal conductivity, sonorousness, translucence, and flexibility,
is polishable and can be deformed in confinement under powerful
compression. Its color, texture, specific gravity, hardness, and
porosity will be considered under other heads. ) )

Tests made at the Watertown Arsenal give the white dolomite
marble of Lee, Mass., an ultimate compressive strength of 18,047
pounds to the square inch;? the calcite marbles of West Rutland
and Proctor a compressive strength of 11,525 to 14,397 pounds to
the square inch,® and the coarse calcite marbles of South Dorset
an ultimate compressive strength averaging 11,300 pounds when
placed on bed and 9,100 pounds when placed on edge. )

Tests of the dolomite marble of Lee give it a shearing
strength of 2,052 pounds to the square inch and a maximum fiber
strength of 1,585 pounds to the square inch.” .

Vogt* gives the compressive strength of a Norwegian dolo-
mite marble as 24,891 to the square inch, of Carrara marble as
6,329 pounds, and of Tyrolese statuary marble (Laas) as 16,036
pounds. ) )

Geikie® in an interesting petrographic study of Edinburgh
gravestones describes some slabs of white marble, Prespmably
from Italy, firmly set into sandstone monuments, which in con-
sequence either of their porousness and the freezing of interstitial
water or else of their greater expansiveness than sandstone, or
from both causes, had bulged out 214 inches from their original
vertical position and showed a series of rents along the crest of
the bulge. )

The Watertown Arsenal tests referred to above give the co-
efficient of expansion of dolomite marble from Lee as only

1 Lindenmann, Bernhard, Ueber einige wichtige Vorkommnisse von kor-
nigenLCarbonatgesteinen mit besonderer Beriicksichtigung ihrer Entstehung
und Structur : Neues Jahrb., Beilage Band 19, 1904, pp. 197-317.

z Pwentieth Ann. Rept. U. S. Geol. Survey, pt. 6, continued, 1899, pp.
205, 406.

s Tests Nos. 9059, 9060,
1893, at the Watertown Arsenal.

+Vogt, J. H. L., 1;;15?'r5k Marmor :

istiania, 1897, p. 5. . . .
Chn?téagilk?e, grchi%ald, Rock weathering as illustrated in Edinburgh church-
vards: Proc. Roy. Soc. Edinburgh, vol. 10, 1880, pp. 518-532; fig. 1, Thin
sections of fresh and weathered marble after 87 years exposure; Pl. XVI, 4,
Bowed marble slab in frame of sandstone; B, Marble slab, cracked diagonally,
in frame of sandstone. See also Geikie’s Geological sketches at home and
abroad, London, 1882, Chapter VIIIL, Rock weathering measured by the decay
of tombstones, pp. 162-174.

9063, made for the Vermont Marble Co., April,
See p. 121. .
Norges geologiske Undersogelse, No. 22,
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0.00000562 under a difference of temperature of 156° F. Bart-
lett* found the expansion of marble to be 0.000005668 inch to the
foot for each degree Fahrenheit.

Yamagawa? determined the thermal conductivity of marble
as averaging 0.00728 centimeter a second. A previous determina-
tion by Depretz was 0.0077 centimeter.

Thin slabs of ordinary Carrara marble have a marked sono-
rousness when struck with a hammer. The Vermont calcite
marbles are only feebly sonorous, but on the other hand the
dolomite marbles of Lake Champlain possess more sonorousness
than the Carrara marble.

White marbles become transparent or nearly so in thin sec-
tions prepared for the microscope, but differ considerably in
translucence on the rough or polished face. Some have a waxy
look, which is probably attributable to the greater transparence of
their grains; others are milk-white and opaque. Lepsius® in con-
nection with his study of Greek marbles determined that the best
Pentelicon marble admits light to a depth of 0.59 inch, and the
Parian to 1.37 inches. Upon this feature largely rested the repu-
tation of Parian marble. Lindenmann?* gives the translucence of
Carrara statuary marble as from 1.18 to 1.57 inches. The coarse
calcite marble formerly quarried at Adams, Mass., referred to on
page 46, is unusually translucent.

The flexibility of marble has long been known. It probably
depends largely on the shape and cohesion of its grains.®

The important experiments of Adams, Nicholson and Coker?®
show that marble when tightly inclosed can be deformed—that
is, it flows. They fitted cylinders of Carrara and Vermont marble
tightly into steel tubes and applied great pressure to the ends of
the cylinders, which caused them to bulge out on the sides, dis-
tending the inclosing tube. When the deformed marble was
sliced and examined microscopically it was found to be solid,
but many molecular changes had taken place in the individual

1 Bartlett, W. C., Experiments on the expansion and contraction of build-
ing stones by variation of temperature; Am. Jour. Sci., 1st ser., vol. 22, 1832,
pp. 136-140.

* Yamagawa, Kenjiro, Determination of the thermal conductivity of mar-
ble: Jour. Coll. Sci., Imp. Univ. Japan, vol. 2, 1888, Review in Neues Jahrb.,
1892, vol. 2, p. 43.

2 Lepsius, G. R., Griechische Marmorstudien: Anhang Abhandl. K. Akad.
‘Wiss. Berlin, 1890, p. 47.

4 Lindenmann, Bernhard, Ueber einige wichtige Vorkommnisse von kor-
nigen Carbonatgesteinen mit besonderer Beriicksichtigung ihrer Entstehung
und Structur: Neues Jahrb., Beilage Band 19, 1904, p. 273.

5 See Dewey, Chester, Notice of the flexible or elastic marble of Berkshire
County : Am. Jour. Sci.,, 1st ser., vol. 9, 1825, p. 241. Julien, A. A., The
durability of building stones: Tenth Census, vol. 10, 1884 (on the flexibility
of marble, pp. 366, 367; describes the curvature of a marble slab in the
Alhambra). Winslow, A., An illustration of the flexibility of limestone [white
crystalline] : Am. Jour. Sci.,, 3d ser., vol. 43, 1892, pp. 133, 134.

¢ Adams, F. D,, assisted by Coker, E. G., An experimental investigation
into the flow of rocks—The flow of marble: Am. Jour. Sci.,, 4th ser., vol. 29,
1910, pp. 465-487; PL III, 4, Thin section of Carrara marble magnified 40
diameters; B, The same caused to flow under pressure of 296 to 725 pounds
to the square inch, showing schistosity, magnifled 60 diameters. See Mr.
Adams’s other papers in bibliography, p. 55.
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crystalline plates, such as slippage and twinning. They also -

found that the marble if deformed at ordinary temperature was
stronger under slow than under rapid deformation, that the de-
formed marble was stronger when the experiment was tried at a
higher temperature than at ordinary temperature, and that when
deformed in the presence of moisture (water gas) and a high
temperature the deformed marble was actually stronger than the
original marble. These experiments are very instructive, for
they throw light on the causes of the remarkable folds in the
marble beds of Vermont and similar regions and the conditions
under which they were formed.

GENERAL TEXTURE.

The difference between a limestone and a marble has been
stated (p.4). In marble the grains are all crystalline, with rhom-
bohedral cleavage, mostly twinned, and more or less interlocked
but never in such an intricate way as they are in granite. To this
fact and the marked cleavage of calcite and dolomite the generally
lower cohesiveness of marble than of granite is largely due.
Hirschwald* figures two kinds of grain form in calcite marble—
the denticulate and the smooth—and this distinction appears to
be generally valid, although the grains in most of the Vermont
calcite marble are not denticulate. In some dolomite marbles the
grains do not interlock and some of the grains even have a rhom-
bohedral form so that the texture under the microscope appears
less cohesive than that of the other marbles. In both calcite and
dolomite marbles the cleavage and twinning of each grain is inde-
pendent of that of other grains.

Although the form of their grains is generally irregular, in
some marbles one or two axes of the grains are much longer than
the others and the longer axes of different grains are parallel,
giving to the rock a certain schistosity which is usually parallel to
the bedding. (See figs. 6, 22). A thin section of such a marble
from the St. Gotthard is figured by Rosenbusch.? This elonga-
tion, however, may be confined to but a part of the grains and
these may not be arranged. A marble at Leicester Junction (p.
141 and fig. 25) exhibits alternate tiers of large and small grains.
As the marble is intensely folded this arrangement may be due to
granulation or it may be the result of the interbedding of dolomite
and calcite, the small grains being dolomite.

Lepsius® in his study of Greek marbles found that those of
Pentelicon, Hymettos, and the vicinity of Cape Sunium and of
Doliana, in Arcadia, consist of irregularly bounded grains of
twinned calcite, lying in a matrix of much more minute calcite
grains without cleavage or twinning planes, and that the propor-

1 Hirschwald, J., Die Priifung der natiirlichen Bausteine auf ihre Wetter-
bestiindigkeit, Berlin, 1908, P1. X VI, figs. 1, 2.

2 Rosenbusch, H., Elemente der Gesteinslehre, 3d ed., 1910, fig. 78.

3 Lepsius, G. R., Griechische Marmorstudien: Anhang Abhandl. K. Akad.
‘Wiss. Berlin, 1890.
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tionate amount of the matrix varies in different beds and locali-
ties. He regards the matrix in these marbles as a remnant of the
limestone out of which the twinned grains were formed under
metamorphism.

Vogt! figures a Norwegian marble in which interlocking
grains of calcite alternate irregularly with angular ones of
dolomite.

In some Vermont marbles minute beds and lenses of dolomite
are intercalated in the calcite mass and other interesting com-
binations of calcite and dolomite occur. (See p. 125, fig. 20).
Vogt* figures a marble in which the calcite plates, owing to
secondary compres-
sion, due to contact
metamorphism, have
suffered granulation
and had their twin-
ning planes bent.
Hirschwald® also
figures thin sections
of marble with bent
twinning planes. One
of the marble beds
of West Rutland
shows this also.

A thin section
of calcite marble
with flexed twinning
planes is shown in
figure 1.

In a brecciated
marble each frag- ) ) . .
ment has its texture " from the Goodats o Girary Coneaite marble
more or less differ- Sheffield, Mass., with flexed twinning planes due

. to secondary compression. Texture very coarse
ently oriented and and irregular. Dotted particles are quartz, En-
larged 20 diameters. This quarry supplied columns

the textur € of the fo Girard College, in Philadeiphia. The curva-
fragment differs ture of the calcite plates can be detected, even in

from that of the a hand specimen.

secondary cement. The same is also true of the pebbles in a
marble conglomerate, except that more or less parallelism in the
texture of the smaller pebbles may be expected.

There is also a variation in the grade of texture. The grains
may be large, medium, or small and a further variation may be
traceable to the regularity or irregularity in the size of the grains
in the same marble.

tVogt, J. H. L., Der Marmor in Bezug auf seine Geologie, Structur und
gleclllgmsche Eigenschaften: Zeitschr. prakt. Geologie, January, 1898, p. 14,
g. 10.
20p cit, p. 14, fig. 12; also Norsk Marmor, 1897, p. 59, fig. 8.
3 Hirschwald, J., Die Priifung der natiirlichen Bausteine auf ihre Wetter-
bestiindigkeit, Berlin, 1908, Pl. X VI, figs. 4, 5.
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The presence of sericite (fibrous potash mica), tremolite,
actinolite (varieties of hornblende), or other fibrous minerals
complicates the texture of marble. (See pp. 34, 35).

The texture is indirectly affected by the character of the bed-
ding, which may be even or plicated or elongated. This is more
apparent in the graphitic and micaceous marbles. In some Ver-
mont marbles sharply plicated planes of bedding are intersected
at intervals by slightly undulating planes of slip cleavage and
both sets of planes are laden with graphite. (See p. 119 and Pls.
V, A, and V111, B, b).

The texture of marble thus depends on the form, size, even-
ness, and arrangment of its grains and on the nature and size of
the grains of other minerals in it and is affected by the amount of
plication or elongation of the bedding, by the relative abundance
of the planes of slip cleavage which cross it, and by any secondary
compression that the marble may have suffered.

COLORS.

It would require very elaborate methods to determine the
precise causes of the more delicate tints of marble, such as the
bluish, ivory, and smoky. The causes of other tints are not far
to seek. -

The black and grayish marbles owe their shade to the pres-
ence of carbon, usually in the form of graphite in infinitesimal
scales and powdery particles disseminated throughout the plates
of calcite or dolomite.

The reddish, pinkish, and reddish-brown marbles contain
minute particles of a compound with manganese oxide (MnO)
or of hematite (Fe,O,) or of both.

The brownish, yellowish, and cream-colored marbles owe
their color to limonite or hydrous iron sesquioxide (ferric oxide)
(2Fe,0,.3H,0) in varying amounts. In thin sections of some
marbles this limonite stain can be seen emanating from oxidized
particles and crystals of pyrite.

The greenish marbles (of course exclusive of the serpen-
tines), of Vermont at least, owe their color mainly to fibrous
muscovite (sericite), with which in the brighter marbles chlorite
and epidote are associated.

A purplish tint in one of the dolomites of Lake Champlain
(p. 138) appears to be due to the combination of hematite and
magnetite.

The more uncommon colors of marble are purplish, as in the
Pavonazzo and Seravezza breccias, imported from Italy, bright
yellow, as in the “Giallo Antico” from North Africa, and orange-
yellow, as in some marbles from Norway. Among the uncommon
combinations of colors is that of rose-pink and deep green in the
“Leifset Gloire” from Norway.
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Vogt* is inclined to attribute the sky-blue, bright-red, and
orange tints of some Norwegian marbles to organic compounds.
He states that the blue disappears on heating for a short time to
100° C., or after five years exposure to the light, and that the red
changes after heating for a short time to 300° or for a longer
time to 150° to 200° but returns on cooling.

ORIGIN OF LIMESTONE AND MARBLE.

The origin of marble can not well be considered without con-
sidering that of the limestone from which it has been formed.
The origin of dolomite marble will be considered after describing
the relations of dolomite and calcite marble.

Some of the simplest illustrations of the formation of cal-
careous deposits are to be found at no great distance from the
Vermont marble belt. About 4 miles nearly north of Fair Haven,
in Rutland County, Vt. (see topographic map of Whitehall quad-
rangle, U. S. Geol. Survey), is Inman Pond, which is about half
a mile long. When the pond is low a snow-white calcareous de-
posit, which consists mainly of fragments of fresh-water snail
shells (Limneza and Planorbis), is exposed on the shore. The
pond is surrounded by hillocks of slightly calcarecous slate and the
glacial gravels probably contain some limestone from the lime-
stone areas to the north and west. The brooks, supplied with
carbonic acid by the rain, have taken up calcium carbonate from
the slates and the gravel and furnished the pond with slightly
calcareous water, which the snails have taken into their systems
and out of which they have secreted shells of calcium carbonate.
The death of generations of snails has formed the white marl.

Queechy Lake, also half a mile long, lies in a minor lime-
stone valley within the Taconic Range in Canaan, Columbia
County, N. Y. (See topographic map of Pittsfield quadrangle,
U. S. Geol. Survey). The bottom of the east side of the lake is
covered with certain foliaceous algz, the leaves of which are in-
crusted with calcium carbonate. As generations of these plants
die a calcareous sediment forms. It is supposed that the chem-
ical precipitation of lime by water in such a case is accelerated by
the exhalation of oxygen by the plants and the consequent decom-
position of the calcium bicarbonate.

As most limestones are seen by the character of their fossils
to be of marine origin, we must consider processes like those illus-
trated to have taken place in the sea—that is, calcium carbonate
has been either deposited through the agency of life or chemically
precipitated. An ordinary limestone would result from any great
accumulation of such organic or chemical calcareous sediments
compressed under their own weight. The formation of organic
calcareous sediments is going on today in the ocean on a large

1 Vogt, J. H. L., Norsk Marmor, 1897, p. 354.
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scale about coral reefs and shell beds and wherever the minute
calcareous shells of rhizopods rain down on the ocean floor, also
wherever lime-secreting algz abound.

Two places are cited, one in the Mediterranean and another
on the west coast of Florida, where river water charged with
calcium bicarbonate forms crystalline calcareous sediments as it
enters the sea. The Florida deposit is of two sorts—a calcareous
mud and a crystalline calcium carbonate that is essentially a calcite
marble.! But it is generally assumed by geologists that such
deposits are exceptional, that most limestones have been formed
through the medium of marine organisms, and that those lime-
stones which abound in fossil crinoids, corals, brachiopods, gastro-

pods, or rhizopods convey to us
what 1s probably the most correct
conception not only of the origin
of limestone but also of the
original condition of most calcite
marbles.

Some fossiliferous lime-
stones that have not been sub-
jected to a crustal movement
great enough to destroy the out-
line of their fossils are yet crys-
talline and therefore marble. It
may be uncertain whether the
crystallization of such limestones
took place before or after their

. emergence. In either case where
O \ \ the fossils have become crystal-

———

" line we have to assume the perco-
lation of acid waters, dissolving
the calcareous shells, etc., and

R i Toouons of marine snail then redepositing the lime thus
at West Rutland in 1890. A little taken up as crystalline calcite.
less than one-half natural size. This process has taken place in

the black and gray marbles of Isle la Motte (see p. 39) and in
all the crinoid or shell marbles of commerce, such as the Ten-
nessee marbles.

That the calcite marbles of western Vermont were partly if
not wholly of organic origin is shown by the fossils they still
contain. One of the beds of bluish-gray marble at West Rutland
abounds in section of Maclureas (large marine snails), as may
be seen by examining the slabs coming from the sawing sheds.
A photograph of one of these slabs polished, taken by the State

1 Lyell, Charles, Principles of geology, 9th ed., 1853, pp. 260, 279. Dall,
W. H., and Harris, G. D., Correlation papers—Neocene: Bull. U. S. Geol. Sur-
vey, No. 84, 1892, pp. 99-101, 154. Willis, Bailey, Conditions of sedimentary
deposition: Jour. Geology, vol. 1, 1899, pp. 512-514,
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geologist, has been reproduced in one of his reports.! Figure 2
is taken from drawings made by the writer. Some of the grayish
marble beds above the quarries at West Rutland are very fossil-
iferous, as is a ledge beside a brook about one-fourth mile south
of the Eastman quarry. (See PL IV). The bluish marble at Day’s
quarry, in Ira, long worked for lime, contains sections of large
gastropods, probably Maclureas also.? Most of the Vermont cal-
cite marbles, however, have no traces of fossils.

It is assumed that the general absence of fossil forms from
calcite marble is due to their having been obliterated in the process
of dynamic crystallization. This process has been reproduced
experimentally, uncrystalline calcium carbonate having been
changed to calcite marble by pressure alone, heat alone, or both
together.®

The simplest of all these experiments consisted in exposing
limestone and chalk in a closed gun barrel to great heat,* which
resulted in transforming them into marble.

That the horizontal massive strata which now constitute the
marble beds of western Vermont were subjected to very great
compression is evident from the folding they have undergone.
This is shown in the general and detailed sections (Pls. I and
IIT; figs. 10, 11, 14, and 18, pp. 72, 73, 97, and 120). Such fold-
ing can be produced only by powerful lateral compression, and
such compression would generate heat. Furthermore, the mica-
ceous marbles that are interbedded with the others and the small
beds of mica schist that are interbedded with the clear marbles
owe their fibrous mica to the micasization of particles of clayey
sediment, and the process of micasization, as reproduced experi-
mentally, has been found to require heat at well as pressure.®

For these reasons the calcite marbles of western Vermont
and-of regions of like geologic character are regarded as lime-
stones of marine and mostly of organic origin, which have been
metamorphosed under great pressure accompanied by heat.

In view of what has been stated as to the origin of limestone
and calcite marble we should distinguish between (a) a fine-
grained limestone in which the particles are exceedingly minute
and of irregular form and polarize but are without twinning
planes; (b) a fossiliferous limestone in which percolating waters
have dissolved calcareous fossils and deposited crystalline calcite ;

* Perkins, G. H., Report of the State geologist on the mineral industries
and geology of certain areas of Vermont: Report for 1907-1908, PL. V.

? Letter from C. D. Walcott.

¥ See Clarke, F. W., The data of geochemistry, 2d ed.: Bull. U. S. Geol.
Survey No. 491, 1911, pp. 531, 532.

4 See Hall, James, Trans. Royal Soc. Edinburgh, vol. 6, 1812, pp. 71-185;
Becker, Arthur, Min. pet. Mitt., vol. 7, 1886, pp. 122-145; and Le Chatelier, H.,
Compt. Rend., vol. 115, 1892, pp. 817-820, 1009-1011.

® A, Daubrée (Etudes synthétiques de géologie expérimentale, 1879, pp.
176, 177 ; Smithsonian Rept. 1861, p. 285), by exposing moist clay in a closed
steel tube to the heat of a gas furnace for several days, succeeded in man-
ufacturing minute crystals of a uniaxial mica or a chlorite. On the subject
of micasization or sericitization see Clarke, F. W. The data of geochemistry,
2d ed.: Bull. U. S. Geol. Survey No. 491, 1911, pp. 566-568. :
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and (¢) a fully crystalline calcite marble, the product of meta-
morphism, in which calcite plates, larger than those in the matrix
of b, are mostly twinned. Hirschwald,' in his exhaustive work
on the testing of the weathering qualities of building stones,
divides the finer-grained limestones (excluding marbles) into two
groups—eryptocrystalline, in which the interlocking ill-defined
crystalloids polarize light, and pelitomorphic, which consist of
roundish granules 0.003 to 0.005 millimeter in diameter, that
feebly but clearly operate upon polarized light.?

The metamorphism by which a bed of limestone is changed
to marble is not always traceable entirely to lateral compression
of the strata. It may also be caused in part by the heat pro-
ceeding from an igneous intrusive.

Renwick® mentions an interesting occurrence at Middleton,
near Wirksworth, in Derbyshire, where beds of limestone have
been traversed by a dike at a very low angle. The limestone
below the dike has been changed to marble, and is quarried for
marble uses, but the limestone above the dike is unaltered and is
used for lime burning, etc.

Conybeare* described the conversion of chalk into marble in
the north of Ireland, in these words: “Here within the distance of
90 feet three [basalt] dikes may be seen traversing the chalk,
which is converted into a finely granular marble where contiguous
to the two outer dikes and through the whole of the masses in-
cluded between these and the central one.”

Finally, the metamorphism by which a bed of limestone
. passes into marble may be of any geologic age. Naturally we
look for marbles in the strata formed after marine life became
abundant and in those places where organic deposits have been
subjected to powerful crustal movements or exposed to igneous

intrusion.
CALCITE MARBLE.

If calcite marble contained nothing but calcite its chemical
composition and properties and many of its physical properties
would be identical with those of calcite. Calcite (CaCOy), or
calcium carbonate, contains 56 per cent of CaO (lime) and 44
per cent of CO, (carbon dioxide). It effervesces strongly with
cold dilute hydrochloric acid and is entirely soluble in cold dilute
acetic acid. When burned it loses CO, and becomes CaO (quick-
lime). It has a specific gravity of 2.72 and a hardness of 3, being
a little harder than gypsum, which is 2, and softer than dolomite,

1 Hirschwald, J., Dle Prﬁtungzdsr natiirlichen Bausteine auf ihre Wetter-

bestiindigkeit Berlin, 1908, & 38
2 Hirschwald, J., Die Priifung der natiirlichen Bausteine auf ihre Wetter-
best!ndigkei&nBerlin, 1908, pp. 443, 444; sec. 532; Pl XVII, .16, 11, 12,
* Renwi 'W. G., Marble and marble working, London, 1809, p. 4, ﬂg Li
4 Conybeare, W. [Descriptive notes referring to the outline of sections
presented by a part of the coasts of Antrim and Derby, from the joint ob-
tions of Rev. W. Buckland and himself during a tour in the summer of

serva
1813] : Trans, Geol. Soc. London, vol. 3, 1816, p. 210.
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which is 3.5 to 4. It has a marked rhombohedral cleavage and a
white or grayish streak when scratched.

Calcite marble when perfectly pure and therefore white con-
sists entirely of crystalline plates of calcite with rhombohedral
cleavage, many of which are twinned. These twinning planes
are parallel to either set of the sides of the cleavage rhomb or else
bisect more or less exactly its acute angle, never its obtuse angle.

A typical microscopic grain of calcite with cleavage and
twinning as it appears in a thin section of marble is shown in
figure 3. Calcite marble always takes a high polish, but the
presence of minute particles of quartz, dolomite, or mica detracts
from the polish, the quartz and dolomite from their greater hard-
ness forming minute protuberances on the face, and the mica
causing minute cavities from the dropping out of scales in the
process of sawing and
polishing.  Typical thin
sections of white calcite ‘ E
marble are shown in :
figures 16 and 24, pages
113 and 135.

The commonest ac-
cessory minerals in the
pure-white calcite mar-
bles of Vermont are
quartz, muscovite, and
pyrite. Exceedingly mi-
nute opaque particles are
not uncommon. Their
nature is  uncertain.
They are probably mag-
netite or  pyrolusite
(manganese dioxide) Or Ficure 3.—Thin section of a grain of white
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cite marbles of Vermont are discussed on pages 32, 33, 41. The
other minor varieties are described in connection with the quar-
ries and all are summarized and classified in the table on pages
144-151. The grades of texture of calcite marbles are specially
considered on page 47.

In connection with this part of the subject descriptions of
three thin sections of Italian (Carrara) and one of Greek ( Pen-
telicon) marble, examined by the writer, are given here for
comparision.

“Carrara ordinary,” white marble with slight bluish tinge and un-
defined light-gray mottling. Texture even; outlines of some grains
slightly toothed; twinning parallel to sides of cleavage rhomb or bisect-
ing its acute angle; minute opaque specks throughout ; a few grains of
pyrite; quartz rare; grain diameter 0.05 to 0.5 but mostly 0.12 to 0.3
millimeter.
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Road

“Pentelicon,” modern commercial, white, less bluish than marble
above described, Texture somewhat irregular, less regular than that
of Carrara marble; outlines of grains not toothed; twinning parallel
to sides of cleavage rhomb or bisecting its acute angle; minute opaque
specks throughout; a few grains of pyrite; quartz sparse; muscovite
scales very rare; grain diameter 0.05 to 0.75, but mostly 0.12 to 0.37
millimeter, more of 0.12 than in Carrara marble.

The interesting study of Greek marbles by Lepsius® already
referred to (p. 5) was based on the examination of thin sections
obtained from outcrops at the chief quarries worked by the an-
cient Greeks, at some of which unfinished columns or statues
still remained, and on a comparison of such sections with others
obtained from chips of similar marbles in ancient Greek buildings
and sculptures. These quarries were on the islands of Paros and
Naxos, in the archipelago; on Mounts Pentelicon and Hymettos,
about northeast of Athens; in the Agrilesa Valley, 22 miles north
of Cape Sunium and 25 miles southeast of Athens; and at
Doliana, in Arcadia, southwest of Corinth. As Lepsius’s book is
one of the most thorough works on the texture of marble yet pub-
lished but is inaccessible in translation, a brief summary of its
conclusions is here given:

“Lichnites Lithos” of Paros, “Parian statuary,” from the northwest
side of the island, was obtamned trom a bed 61 to 13 feet thick with
an average dip of 30° into the hill, reached by tunneling from a point
656 feet above sea level along the bed to a depth of 195 to 260 feet.
From this excavation at least 1,000,000 cubic feet of marble, from which,
of course, the waste should be deducted, had been excavated in anecient
times for statuary. This marble is snow white, with a faint bluish-gray
fint. It is very translucent and was also noted among Roman stone-
cutters for its hardness—that is, its cohesion—which was probably due
to its being quarried so far underground. It consists entirely of cleft
and twinned calcite grains with diameter mostly of 1 to 1.5 millimeters,
many grains 1.5 to 2, some 2 to 3, and a few 3 to 5. It contans some
grayish particles, mostly translucent, also some extremely minute black
ones (magnetite or carbon?). In some parts of the quarry the marble
has dark-gray streaks due chiefly to magnetite, as determined by the
form of the crystals.®

The Naxos marble beds dip 256° to 70°, but were quarried diagonally.
The marble has a light-gray tint with dark-gray spots and streaks and
some gray grains. It is opaque and coarse with an average grain
diameter of 2 to 3 millimeters and many grains 3 to 5 millimeters, here
and there with some fine interstitial grains. Many of the grains con-
tain minute gray, black, or colored particles to which the marble owes
ijts tint. In places the dark particles are so plentiful as to cloud the
otherwise clear calcite.®

The “lower white Pentelicon marble” is somewhat milk white with
a faint yellowish tint and rare light-gray streaks. The grain diameter
is mostly 0.5 to 1 millimeter, never over 2 millimeters. The grains lie
in an opaque milk-white groundmass of fine grains, without cleavage or
twinning planes. Both large and small grains contain very minute and
indeterminable inclusions. Muscovite, chlorite, a reddish-violet potash
mieca, pyrite with a zone of limonite, more rarely magnetite, and rare
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grains of quartz occur in it. The decay of parts of the great frieze of
the Parthenon, which was cut from this marble, is due to the presence
of mica streaks along the bedding plane.! (See further, p. 29).

“Hymettic marble,” from the upper blue-gray beds of the northwest
and north. slopes of Mount Hymettos consists of cleft and twinned
calcite grains up to 0.5 or rarely 0.8 millimeter in diameter thus smaller
than in the Pentelicon marble, in a dense, slightly translucent ground-
mass of fine calcite grains without cleavage or twinning, the ground-
mass predominating over the larger calcite grains. The accessory
minerals are muscovite, chlorite, and small black particles of iron,
which rust on exposure. The gray shade is attributed to minute grains
of carbon.?

The “lower white Attic marble” from the quarry near Cape Sunium

has a light bluish-gray tint and gray banding. Its cleft and twinned
larger calcite grains measure as much as 1 millimeter. The ground-
mass of smaller structureless grains is relatively small in amount.
The amount does not form a yellowish crust in weathering. The minute
black specks, visible in thin sections, are regarded as carbon.® (See
p. 7).
The marble of Doliana, in Arcadia, is faintly bluish-gray without
streaks. The cleft and twinned calcite grains are denticular and
elongate, with diameters of 0.5 to 1, rarely 2 to 4 millimeters, lying in
a dense glassy light bluish-gray groundmass of minute structureless
calcite grains. This marble contains 0.12 per cent of Fe,0, and there-
fore in weathering forms a yellow and reddish brown film. In weather-
ing the groundmass becomes milk white, the larger grains become more
conspicuous, and the stone finally becomes “sandy.” The thin sections
show rare quartz grains and dark grains.

Interesting descriptions of other European marbles will be
found in the papers of Vogt, Lindenmann, Weinschenk, and
Steinhdiuser, cited in the bibliography on pages 49, 52.

Of the Tyrolese marbles less is known in this country than of
the Italian. They occur near Laas Peak, about 22 miles west-
southwest of the city of Meran, in Vintschgau, in the Austrian
Tyrol. They include a coarse marble with grain diameter of 5
millimeters (Sterzing) which takes a high polish, and also a finer
marble, “Laas statuary,” with a maximum grain diameter of 1
millimeter. The latter is quarried at a point 7,535 feet above the
valley floor. It is clear white and very sonorous. It is almost as
translucent as Carrara statuary marble, but is somewhat harder
and coarser and has been found to be more durable under outdoor
exposure in the climate of central Europe. It has been used for
the statues of Mozart and Haydn in Vienna and Von Moltke in
Berlin and is regarded as equal to Parian marble for statuary.

The purplish and white brecciated “pavonazzo” of Carrara
contains a little micaceous hematite and some biotite. The
“cipolino” of the same region has calcite grains with flexed twin-
ning planes. It contains biotite passing into chlorite, epidote,
klinozoisite, titanite, tourmaline, and green hornblende. The
“bianco P” of Carrara has veinlets of untwinned dolomite.

1 Lepsius, G. R., Griechische Marmorstudien : Anhang Abhandl. K. Akad.
Wiss. Berlin, 1890, pp. 15-22.

2 Idem, pp. 22-24,

*Idem, p. 27.

* Idem, pp. 31-33.
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DOLOMITE MARBLE.

A pure dolomite marble would have the chemical and mg:s}:
of the physical properties of dolomite. It has %reate: Cr(:;gi-ded
sive strength than calcite marble, as is shown by the tests
o pell)gc)el()sfnite (CaMgC,O,), a carbonate of lime and mafl;%sgﬁg
contains 54.35 per cent of CaCO, (calcium car’tionaftf:e) arsl | 4665
per cent of MgCO, (magnesium carbonate). th ervedciS Jese
readily with cold dilute hydrochlorlqdac1(11 tt};)alilr rfs ill‘iee zzr;ldte Xt
to insoluble in cold dilute acetic acid. o ke being.thus
has a specific gravity of 2.83 and a hardness of 3. ; Deing thus

i ier and harder than calcite. It has a marke
%ollllgcliiallleéll‘é;evage and crystallizes in rhombohedra, the faces of
Whlcrll)i{gnlqlistléa&};fgl??g .of two kinds. One is like that. of Lee,
Mass., which consists of crystalline plates of dolomite of irregular
) ’ outline, with rhombohed_ral
cleavage and twinning
planes that are either par-
allel to a side of the cleav-
age rhomb or bisect its
obtuse angle, as in figure 4.
Rarely it bisects the acute
angle. In a section of
dolomite from Plymouth,
Vt., a grain was found in
which  twinning  planes
bisect both acute and obtuse
angles. In calcite the twin-
ning plane nevet;' blsect_st;clhe

i i i obtuse angle, bemng either
Flggﬁ)l‘l“’n?te_l;!}ll;l}‘b?gcnfggn?f (;-VI‘}(l)lStg tq"_‘{lg.llr“lrz parallel togone Of the SIQeS
dotomite with il}lf‘l))?(,:gigdotl:gvrgitegli‘:%;in:ning of the rhomb or bisecting
bisecting obtuse angle of cleavage its acute angle. This dis-
rhomb. Enlarged 77 diameters. tinction between dololmite
and calcite is based on the difference in the rhombohedra of tge
two minerals and affords a simple means of distinguishing the
two marbles in thin sections.” When both minerals occur mt 1e
same thin sections without twinning and the °d010ml}t]e 1(51 {10 ltrel
rhombs, the microchemical test may be used.* In t ? 0 0m1.rl
marble of Lee the grains are as much interlocked as they ?rihl'
many calcite marbles, but in some dolomite ma}‘bleshas Of ] ;2
class the texture is somewhat granular, resembling that % 1 (zhe
sugar, in which the grains simply cohere. In such a marble

1 Rosenbusch, H., Elemente der Gesteinslehre, 3d ed., 191}0&3%' 55131. oi

ié?ﬁe‘i%hiﬁifchil Toimensehation: Heltseh prakt, Goologic, Berlin, 1898, b, 11

i i hung von Calcit, Dolomit
, J., Zur mikroskopischen Untersuc. . .
und zPsxi‘i]aPz?}:n:b%g%tschr. Deutsch. geol. Gesell,, vol. 40, 1888, pp. 357-359
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cohesion is less than that of a calcite marble or of the dolomite
marble of Lee, although the material is harder than calcite.

In the other variety of dolomite marble the texture is finer
and more granular or mixed coarse and fine, and a larger or
smaller percentage of the grains have a rhombic outline but are
not twinned.  (See fig. 8, p. 36). Exceptionally, however, a lens
or veinlet with twinned plates of dolomite occurs in these marbles.
To this variety belong the marbles of Lake Champlain fully
described beyond.

Dolomite marbles of both kinds take a high polish but of
course are harder to polish than calcite marble. Some dolomite
marble becomes minutely pitted in polishing from the dropping

out of powdery magnesia as a result of the decomposition of some
of the dolomite grains.

The commoner accessory minerals of white dolomite marble
are quartz, pyrite, muscovite, and tremolite.

The colored dolomite marbles of Vermont, containing hema-
tite or graphite, are described on pages 35-38, and are summarized
and classified in the table on pages 147-148. Their grades of
texture are specially considered on pages 137-138.

Descriptions of a few thin sections of dolomite marble from
Massachusetts, Connecticut, and Norway, studied by the writer,
are added for reference and comparison.

White dolomite marble, Gross quarry, Lee, Mass. Pale bluish
white without tremolite, which, however, abounds in certain beds.
Texture, even; grain outlines but slightly toothed; twinning bisects
obtuse angle of cleavage rhomb. (See fig. 4). Grain diameter 0.07 to
1, mostly 0.02 to 0.5 millimeter.:

Bluish dolomite marble, Ashley Falls Marble Co.’s quarry, Ashley
Falls, Mass. Light bluish gray, rarely with prisms of tremolite and
minute pyrite. Texture even ; grain outlines somewhat toothed ; twin-
ning planes bisect obtuse angle of cleavage rhomb; minute opaque
specks throughout; a few muscovite scales; quartz rare and small ; no
pyrite or tremolite in sections. Grain diameter 0.02 to 0.75, mostly
0.05 to 0.5, average 0.27 millimeter.

Light bluish gray, very fine grained dolomite (not commercial
marble) from a drill core 35 feet below rock surface at Agricultural
National Bank, Pittsfield, Mass. Texture uneven; grain outline roundish
or angular, not rhombic and without twinning. Some muscovite scales;
quartz and plagioclase feldspar grains; pyrite crystals. Diameter of
grains 0.02 to 0.17 but mostly 0.056 to 0.12, average 0.08 millimeter.
Some lenses or veins of coarse particles abounding in minute opaque
specks, diameter 0.12 to 1.25 millimeters, with twinning bisecting
obtuse angle of cleavage rhomb.

White dolomite marble from near Amenia, N. Y., but in Connec-
ticut. White to cream color, granular appearance. Texture even; grain
outlines straight or roundish; twinning bisects obtuse angle of cleavage
rhomb; one bisecting acute angle. (See p. 20). Grain diameter 0.05
to 0.62, mostly 0.12 to 0.25, average 0.18 millimeter.

White dolomite marble from Norway. Milk-white with parallel
grayish streaks. Texture very irregular; grain outlines not toothed;

' This marble has been described by J. S. Diller in Bull. U. 8. Geol.
Survey No. 150, 1898, Dp. 299, 300
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twinning planes parallel to sides of cleavage rhomb or bisecting its
obtuse angles. Minute opaque specks throughout. Several large mus-
covite flakes; pyrite minute, sparse. In finer parts grain diameter 0.05
to 0.25, average 0.15 millimeter; in coarser parts 0.12 to 1.37, many
0.25 to 0.62 millimeter.

RELATION OF CALCITE MARBLE TO DOLOMITE IN VERMONT,

As will be seen from the geologic map (Pl I) and the dis-
cussion of the geologic formations on page 58, the lower 650 feet,
approximately, of the Vermont calcareous belt consist mainly of
dolomite, described in detail on page 59 and the marble is con-
fined almost entirely to the upper half of the formation. The
most productive quarries appear to be in the upper part of this
upper half, although some occur also in the lower part. But, as
appears from the detailed sections and the stratigraphic succes-
sion on page 59, the marble beds themselves are interbedded with
dolomite.

At the now disused Sutherland Falls or Proctor quarry (see
P1. I) the calcite marble beds, roughly estimated at 170 feet thick
but in part doubled over so as to measure apparently 200 feet,
are overlain on the west by dolomite and also underlain on the
east by another dolomite. The dolomite on the west side, which
is followed farther west by calcite marble, consists of dolomite
granules, rarely rhombs, having an average grain diameter of 0.04
millimeter and some dolomite plates reaching 0.25 millimeter,
with twinning planes bisecting the obtuse angle; also sparse
quartz grains, muscovite flakes, and pyrite oxidizing to limonite.
The whitish dolomite on the east side consists of dolomite plates,
some of them twinned, all crowded with dark granules, having
diameters mostly 0.12 to 0.45 millimeter, lying in a matrix of
smaller untwinned clear dolomite grains. The outlines of the
larger plates, being governed by those of the small ones, appear
denticulate.

At the True Blue quarry (see PL XV, 4, and fig. 18, p. 120)
there is a 15-foot bed of dolomite with calcite marble on both
sides of it. A drill core at West Rutland shows nine dolomite
beds from 1.8 inches to 16 feet thick, alternating with beds of
calcite marble. The whole series measures 250 feet 7 inches, out
of which the dolomite beds measure 73 feet 9 inches.

A drill core at the Albertson quarry shows three or four
dolomite beds from 4 to 22 feet thick alternating with beds of
calcite marble, the whole series measuring 94 feet 4 inches.

At the Florentine quarry in Pittsford the bluish-gray calcite
marble contains nodules of very dark gray dolomite. The nodules
are brecciated and veined with calcite and quartz. In thin sec-
tion they are seen to consist of graphitic dolomite.

At the Valley quarry of the Norcross-West Marble Co. at
South Dorset there is a 10-foot bed of dolomite at the northeast

end of the quarry in contact with the marble. This consists of
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dolomite grains tending to rhombic outline, averaging about 0.1
millimeter in diameter. The larger particles are cloudy and full
of minute dark specks, sparse quartz, a little vein quartz, and
pyrite (7). »

At the Eastman quarry in West Rutland (see Pls. I, IV)
there is a dove-colored dolomite on the east side of the marble
beds, which is finely veined with quartz and weathers a delicate
pale brown. It consists of grains of dolomite, rarely rhombs,
averaging 0.028 millimeter in diameter, with sparse small quartz
particles and intersecting quartz veins, some of these with large
dolomite plates ; also a few flakes of muscovite and dark particles,
probably pyrite, accounting for the discoloration of the surface.

Coarse-grained white calcite marble and .fine-grained white
dolomite are interbedded in one of the old quarries near the Owls
Head, as shown in figure 5. This was described by the writer in

FI1GURE 5.—Interbedded calcite marble and dolomite. Length, 40 feet. Old
quarry three-fifths mile west of the Owls Head, Dorset, Vt.

1902 The dolomite consists of irregular dolomite grains, rarely
tending to rhombic form, averaging about 0.06 millimeter in
diameter, sparse quartz grains up to 0.12 millimeter, rare musco-
vite plates and feldspar grains, and minute opaque particles. An
analysis of it by George Steiger, of the Survey, first published in
the paper just cited, is as follows:

Analysis of whitish dolomite from quarry in Dorset, Vi.

Silica (Si0,) ... e e e e 8.36
Alumina (ALOy) ...iviiiiii i i 1.77
Iron sesquioxide (Fe,O;) ......cvvivniiivirnennnan. .22
Iron oxide (FeO) ...t iiiinirnennnn 1.08
Magnesia (Mg0) ......oiiuiiiiiiiririinennnnnns 16.68
Lime (Cal) ...iiniin i i et aanens 29.03
Soda (Nas0) . oviiiit it it ancaaaennn .06
Potash (Ki0) .ovriiii ittt et eniinnanns 1.08
Water uncombined (H,O0—) ............. ... ... .03
Water combined (H.O4+) ...........ccciiiiinn, 42
Carbon dioxide (CO,) .........iiiiiiiiiii i, 