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STATE OF VERMONT.
OrricE oF STATE GEOLOGIST.

BurLincToN, VT., Ocfober 1st, 1906.

To His Excellency, C. J. Bell, Governor of Vermont:

Sir :—In accordance with the provisions of Act 6, 1900, I here-
with respectfully present my Fifth Biennial report as State Geol-
ogist. The following pages furnish a summary of work carried
on during the years 1905 and 1906.

Through the generosity of the authors of the papers included in
this Report a far more valuable collection of material has been
obtained than would otherwise have been possible with so limited an
appropriation as that which has been available for this work.

As has been true heretofore, much of the investigation which
has been carried forward has been accomplished with little more
expense to the State than the actual outlay for travelling and
necessary incidentals.

The usual large number of ores and other minerals has been
examined and reports sent out from this office as to their commer-
cial value. Many deposits of supposed valuable rocks and min-
erals have been visited, and the owners advised respecting their
treatment and an extensive correspondence carried on.

The introduction which imnmediately follows gives further in-
formation as to the work of the two years.

Respectfully submitted,
G. H. PERKINS.



INTRODUCTION.

The .following pages lorm the Fifth Report of the present State
Geologlsti. Besides giving the results of new investigations this
Repf)rt carries forward some of those which have found place ir;
previous volumes.

In the Report immediately preceding this, issued in 1904, th
following topics were considered, namely: A Sketch of ?h:”Lifz
and Work of C. B, Adams, a Bibliography of the Geology of Ver-
mont, A Report of the progress in the Mineral Industr?és of the
State during the two years, Papers on The Glaciation of the Green
Mountains, The Serpentine Belt of Lamoille and Orleans Counties
The Geology of Grand Isle County, The Stromatoceria of Isle L;
Motte, The Lignite Deposit of Brandon, and its Associated
Cl.a)js, Description of many new fossils from the Lignite, and a
brief account of the Hydrology of Vermont. ,

Tt has long been the plan of the Geologist to investigate the
:geology of the State not so much in a general way as a whole," a
in more detailed and therefore thorough fashion, taking up ’onfsz
Z;t::}::;(t);:leelissn;:ii:;;as, a few each year, until the entire surface

Necessarily, it will be some years before the end of this task
can be reached, indeed the complete and satisfactory conclusion of
such work is never reached, therc always remain problems un-
solved and perhaps insoluble, and vet hy patient continuance i
well doing the Geologist hopes to s(ge at least a fair beginn(in ealcu
.complished. Already, Grand Isle County is for the m‘eseni;r ﬁn-
ished so far as the more general outlines of the 1'egi:m ‘are con:
cerned, though there remains very much palcontological work to
be- done.  This investigation is carried into Franklin County in
this Report and it is my liope that the geology of this and ghil-
tenden County, work in which has also been begun, may be mor
fully .presented in the following Report. e "

It is a part of the plan to carry the work of investigation first
through those counties which border the eastern shore of Lal;e
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Champlain and work from this, the western side of the State,

toward the interior. At the same time quite extensive investi-

gation of the northern portion of that part of the State which lies

cast of the Green Mountains has heen carried forward for the last
four years. Here wholly different conditions are found in the

rocks and new problems present themselves. Mr. G. E. Edson
has been working as field Assistant in Franklin County and Doctor
C. H. Richardson of Syracuse University in the eastern part of
Vermont. Papers by these gentlemen are among -those that fol-
low. The difficult problems which are found in the study-of the
asbestos region about Belvidere Mountain were considered in the
previous Report and much time and study has been given to them
by Professor V. F. Marsters who planned to spend some time in
the region this season for further investigation the results of which
were to have formed a part of this Report. An unexpected call
to Peru as Government Geologist, however, put an end to this
work. Nevertheless, it has been possible to supplement the
former discussion of this subject by reproducing parts of a paper
recently published by Professor Marsters in BULLETIN _GEOL. SOC.
AMERICA, VOL. 16, and through the courtesy of the Society and its
Secretary, I am able to give some of the plates by which the paper
is illustrated.

These two papers give as thoroughly worked up an account of
tlie geological and mineralogical characters of this limited region
as has been furnished for any part of the State.

As Dr. Richardson’s paper shows, he has carefully gone over
and studied the rocks of Essex, Caledonia, Orleans and parts of
Lamoille and Washington counties. Mr. Edson has very thor-
oughly gone over that part of Franklin County in and adjacent to
St. Albans and besides the results of recent exploration he bas
presented those which have come from several years of diligent
collecting in this region so well known to students of Cambrian
rocks.

Professor H. M. Seely, who for many years has been interested
in the study of the lower forms of life in Ordovician terranes, has
several papers in this Report in which he gives much new and in-

teresting material concerning some of these very puzzling forms.
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The study of the Brandon Lignite and its contained fossils
which was commenced by the Geologist several years ago and
many results ot which were given in the last Report, has been
continued and new results will be presented in following pages.
The Geologist is most glad to be able in this connection to give a
very valuable account of the microscopic structure of the Lignite
by Doctor E. C. Jeffrey of Harvard. Probably no one is better
qualified to speak as an authority upon this subject than Doctor
Jeffrey and therefore his conclusions are of importance.

Professor C. H, Hitchecock, of Dartmouth, who was one of the
staff of the old Geological Survey of the State which reported
finally in 1861, has for the past two years returned to field work
in this State, chiefly in the study of the surface geology of a small
area and has furnished the papers which will be found on subse-
quent pages.

The last portion of the volume contains as full an account of
the supplies from which the drinking water of the different towns
of the State is taken as it has been possible for the Geologist to
compile from the data obtainable, Preceding the above men-
tioned papers will be found an account of the Mineral Industries
of the State. It will there be seen that most of these have been
exceedingly prosperous and increasingly so during the two years
covered by the Report,

In conclusion I wish to state that the papers nentioned above
have been printed very much as they were left by their authors
and that I have not attempted to modify or alter any views there-
in expressed and it is to be distinctly understood that each author

is alone responsible for whatever views he may have seen fit to
present.

MINERAL RESOURCES.

The importance of the mines and quarries'of Vermodnt irzl!.s
stated in the Report of 1903-1904 has.become'stlll gr.eaterh ur ei
the past two years. As everywhere In such 1ndustrTes, c ::Ircllgnlt
of more or less importance have taken place, indepen .e :
companies have consolidated, new ones formed, new enteri)rls;t
undertaken, and new methods adopted, and for .the.mos P
the business of these companies has been.steadlly 1ncrea518g.
Some quarries have been closed, temporarily or.perlmarll)eri g,
some companies report smaller sales tban previously, uasez
far the larger number report advance in methods, ;lnclre =
production and larger sales. Therefore. on the w oe; e
steady and quite substantial increase in the sales o
different varieties of stone noticed in for.rner Reports, con-
tinues and the outlook is very promismg for yet lartger
developments in all directions. Indeed during the last thwo
years the increase in the stone industry has been greater than
evisbiif}?;es' been necessary to state in former reports, it is not
and never has been, possible to give a wholly full and af:clurate;
report of the amount of capital, number' of men an.d va ufzbi)
sales of our quarries for the reason thlat it has been 1mpfos§1 2
to get definite statements from a considerable num'ber of firm
as to these matters. The most ample opportunity has bejen
given to all stone working firms in the State to supply such in-
formation as should give Vermont her proper place as a stor(lie
producer. At least this is what the Geologist h.as at.terilp;’e )
but, while by far the greater number of companies, inclu 1mg
most of the larger ones, have very fully 'rephed to tbe circulars
of inquiry sent out, a respectable minorlty.have paid no atten:
tion to them. For this reason the totals given are to be con
sidered as to some.extent incomplete and below the real facts.
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So far as I have been able to ascertain, the total capital
invested in mines, quarries and mills for working stone in
Vermont is $12,348,410. 10,426 men are employed and of
course, therelare many others dependent upon these, The sales
of stone for the last year, 1905, were $9,6 14,000. .

The three great stone industries of Vermont, as everyone
well knows, are Granite, Slate and Marble and in the production
of these this State stands in the foremost rank. This place the
State has long held, and in spite of the greatly increased
production in other states, Vermont may without exagger-
ation be said to lead the world in the production of the
more costly and desirable kinds of ornamental and building
stone. The marbles, granites and slates of Vermont are well
and most favorably known in all civilized countries and at
one time or another within the past few years*have been sent to
them all.

Besides marble, granite and slate, Vermont quarries and sells
in less quantity limestone, talc, soapstone, kaolin, fire clay,
ochre, sandstone and copper (chalcopyrite).

As must always be true, the wealth of Vermont is in the
quarries while the mines are comparatively unimportant and the
increase mentioned has been in the production of all kinds of
stone, but, as will beshown later, especially in granite.,

What this increase has been and what the real importance of
the quarries is may be seen by looking over the following statis-
tics which are taken from the Reports of the United States
Geological Survey.

The total sales of stone of all kinds in Vermont are given as
follows:

1880 .. ... 81,752,333,
1900 .. oo v e Bg,704, 202,
IQOT v vttt L. $5,366,740.
I902 ...t .i.iiieoe ... 85,889,208,
I903 v vt iiviit it e aa ... .. 86,605,000,
1904 -v vl 38,055,133,

I905 v iv it L. 80,614,000
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The figures for the last year are taker.l from the r‘eports v]:hlch
I have received from the different quarries anfi cuttlflg wohr s:[en

From the above it will be seen that, while during the
ncrease was about $3,000,000, that
for the last three years, 1903, 1904 and 1905 has been ?s gtrlie::é
showing that large as former sale'S have bee‘n, thosed o'rn e
years have increased about three times as rapidly as : uri rgsent
earlier years. Nor can there be any doubt tl?at the pre
1906, will show at its close a still greater 1ncrease.

years from 1880 to 18go the i

year,
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BUILDING AND ORNAMENTAL STONES.

MARBLE.

In the marble business, as in other industries, the tendenc
has been towards consolidation. No great trusts have beeI}I
formed, but several of the smaller firms have been bough
by those that had greater resources. gt ot

At p'rese'nt nearly all of the marble business, at least so far as
quarrying is concerned, is carried on by ten companies. These
are the following: in alphabetical order.

The Brandon-Italian Marble Company. This company has a
large quarry at Brandon and extensive mills at Middlebur
where the water power furnished by Otter Creek is utilized g

Th»te Brandon marble is much like some of that from' the
quarries south near Rutland, that is, it is a good, sound, durabl
stone, white or more or less veined or clouded. ’ )

T}}e Bennington Marble Company. This is a new compan
and is not yet fairly under way. The office is in Dorset ’

The: Columbian Marble Company. The quarry of this com
pany is at Proctor and they have a large and well equipped mili
at Rutland. The stone produced is of the same sort as that
usually sold under the name, ¢ Rutland Marble” which varies
from pure white statuary to dark, clouded stone.

The Eastman Marble Company has a small quarry at West
Rutland., but no mill, the stock as quarried being sold to other
companies for working.

] K. Freedlys Sons have a quarry high up on the eastern
side gf Dorset mountain. This is one of the oldest of our
quarries and produces a variety of hard, crystalline and excellent
sto.ne. From the quarries there is an inclined tramway b
which stone is sent down to the mill beside the track oyfth}e;
Rutland & Bennington R. R., at East Dorset.
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The Norcross-West Marble Company have quarries at Dorset,
two of which were figured in the last Report, other quarries
recently opened in Danby are being actively worked and there
is a large and finely equipped mill at Manchester. This is
connected with the Dorset quarries by a railroad six miles long
which is owned by the company.

This company make a specialty of building marble and have
supplied the stone for some of the finest public buildings in the
country, notably the New York Public Library in course of
construction.

The Raleigh Marble Company work a quarry at Fowler. The
office is in Rutland. The marble handled is what is called
¢« Blue '’ a compact, dark and fine stone.

Rutland-Florence Marble Company. The headquarters of
this company are at Fowler, a place which has been really
created by the business of the company. They are now work-
ing eight quarries, and are doing a large and rapidly increasing
business. Their mill at Fowler is in some respects the finest
and most modern that I have seen, though others approach it
very closely. Some of the quarries are in Pittsford.

The Sterling Marble Company. This company has a mill in
Middlebury and quarries in Pittsfprd. I am informed by one
interested in the business that a new company, The Middlebury
Marble Company, has recently been formed and that this com-
pany has been consolidated with it.

The Middlebury Marble Company own quarries in northeast
Middlebury and propose to erect a mill at Beldens the coming
season.

The Vermont Marble Company. Some of the companies just
named are large and do a large business, but probably there is
no company in the world which quarries, works and sells any-
thing like the amount of marble that is handled by this
company. Their business, moreover, is reported as increasing.
The company have mills at Proctor, where are the principal
offices and general headquarters, West Rutland, Center
Rutland, Brandon, East Dorset, Beldens, and Swanton. The
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numerous quarries are atProctor, West Rutland, Pittsford,
Danby, Swanton and Roxbury. Within the past few years the
Vermont Marble Company has bought and is now working the
plants formerly worked by the Barney Marble Company at
Swanton, the John Cullen Quarry, Imperial Quarry, and Danby
Marble Company’s Quarry at Danby, and the mill and quarries
formerly belonging to the G. E. Royce estate. A large variety
of marble is obtained from these different quarries.

All of the marble which is quarried in Rutland County, and
most of the marble sold in the State comes from this region, is
light or white except a relatively small quantity of the dark
clouded varieties, but from the Swanton quarries a wholly differ-
ent stone is taken. This isa hard siliceous limestone, or rather
calcareous sandstone, which has not been in any way metamor-
phosed, as have all of the Rutland marbles. The colors of the
Swanton marbles are shades of red and white mottled in infinite
variety. The stone is much harder and for this reason more
costly than the common marbles and takes a more brilliant
polish. But still harder and more elegant is the ¢ Verde
Antique *’ which is a serpentine quarried at Roxbury. I have
called attention to this stone in previous Reports. It seems to
me the most beautiful stone for interior finish that is quarried
anywhere, and it is pleasant to know that, notwithstanding its
necessarily high price, the demand for it is largely increasing.

Quite a number of old and abandoned quarries have been re-
opened of late and are now being worked. This is mainly due
to the increased demand for marble in building. It is easily
seen that while a block or slab of stone must be perfect through-
out if it is to be used for a monument where all parts are ex-
posed, it is quite possible that a piece may be more or less dis-
colored or otherwise imperfect on one side and yet, if the oppo-
site is perfect, it can be properly placed in a building where
only one side is left exposed. Thus marble that is of no value
for monumental work may be just as good as any other for
structural work. For the same reason a stone that is not very
strong may be useful for interior work, where not only all but
one surface is covered, but where it is to be simply ornamental
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and not only does not support any part of the building., but may
For these reasons marble which a few

1 be supported. ‘
el b o be sold because such stone was little called

ears ago could not
}flor except for monumental work can now find ready market.

The total capital invested in the marble companies of G/elrmog’;
is $7,990,000. Number of men employed 4,100. alue

ar ' in 1905 610,000.
m‘:;tl)]l: :k?(l)(xl'eu;hogulzl, b$;:3i,ncreased by the statistics of the numerouz
small concerns which buy and cut marble in many of the towr.l.s. o
the State. The largest of these companies who work nf) quarries,
but cut the stone is Temple Brothers of Rutland. This firm do

an extensive business.

For many years the geological age of the marples (?f Rutlancl
county was in doubt. But finally through the 111vest1gat}ons}())
Rev. JA Wing, as shown in the Biography of Mr. Wing dy
Professor Seely in the Third Report, the tl‘u.th began to be l;nade
apparent and since then Mr. Wing’s conclusions have b‘een ablunk;
antly verified. Within recent years slabs sawed from O,C
taken from the bottom of the old Ripley quarry haw:e shown,'\e:y
distinctly, sections of Maclurea magna and, less easily deter m}i‘-]e(,’
other fossils which fix the age of these marbles at least, as Chazy.
The stone is undoubtedly marble and yet izl is not so completely

ssils have been obliterated.
Ch;l;g?;lrtzzt ;nhi(ire seen all the Maclureas are distorted, but

they are very distinct. ' .
The geology of the Swanton marbles was discussed in the
They are simply calcareous members of the

First Report.
an ; In some of the sawed slabs numerous

Cambrian Red Sandrock.
specimens of Salterella pulchella may be seen.

LIMESTONE.

Limestone is used both as a building stone and fo‘r mak;)g
lime. Stone suitable for the latter purpose is not widely 1s(;
tributed over the State, but there are a number of very goo

deposits. . .
?n Colchester, Mr. G. B. Catlin has a lime kiln with several
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furnaces. At Highgate, Mr. L. E. Felton, at Swanton, Mr. J.
P. Rich, and at St. Albans, Mr. W. B. Fonda, have large works
where lime is manufactured on a large scale. At Leicester
Junction the Brandon Lime and Marble Company and the Lei-
cester Marble-Lime Company' are in active operation. The
lime is shipped in barrels, sacks and in bulk.

Some lime is made in several other localities, but I have not
been able to get details from them,

Aside from local quarrying, for underpinning and walls, lime-
stone is quarried in several places and sold for building and
road material. The only large quarries, so far as I know, are
those of Mr. N. W. Fisk and Mr. E. S. Fleury on the south
end of Isle La Motte.

SLATE.

Like the other stone ihdustries the slate business has been
unusually active during the past two years and in some depart-
ments it is now said that the demand exceeds the supply. Some
of the foreign markets have fallen off, as that in South Africa,
but others have been found that more than take their place. *

While the total sales of slate in Pennsylvania greatly exceed
those of Vermont, it is said that for those uses which require
large slabs such as are needed for billiard table tops, tanks and
the like the Vermont slate is more in demand.

Certain colors, as unfading green and purple which are abund-
ant in Vermont are found nowhere else. Thus in the produc-
tion and sale of certain kinds of slate, this State has a mon-
opoly.

Most of the slate sold in Vermont is obtained in Rutland
county. -

The geology of this region and a general account of the slate
was given in the Second Report and a more complete discussion
of this subject is given in an article by Professor T. N. Dale in
the 1gth Annual Report of the U. S. Geological Survey, pp.
153-387.

More recently, in a Bulletin, No. 275 of the U. S, G. S., Prof,

Prate L

Typical Slate Quarry, Pawlet, Vi
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Dale has given us a fuller discussion of all the ¢¢ Slate Deposits
and Slate Industry of the United States.”

Those especially interested in Slate will find this last named
work exceedingly useful for reference as it contains in compact
form a great deal of information concerning the subject treated.
The following extract from the account of Vermont slate is of
general interest. ¢ There are at least four distinct slate districts
in Vermont. The most easterly extends along the Connecticut
River for more than two thirds the length of the State. The
slate is black or dark gray, and has been worked in Guilford, in
Windham County at the extreme southern end of the State, and
also in Thetford, in Orange County, and at Waterford in Cale-
donia County.

The next extends along the eastern flank of the Green Moun-
tain range from the Canada line to about the middle of the State
and has been extensively worked in Northfield, in Washington
County. The most important district, which furnishes the well
known green and purple slates lies between the Taconic range
and Lake Champlain, extending from Sudbury in Rutland
County, southward to Rupert, in Bennington County, a distance
of 26 miles. This belt also passes southwest into Washington
County, N. Y., where, however, it has proved of far less
economic importance.

The fourth is a black slate, as yet undeveloped, and covering
from, 10-12 square miles in the town of Benson, near Lake
Champlain.”

As stated in the above publications, the slate of Rutland
County is of different colors, green, purple, variegated,
gray, and these may be found in several varieties. One quarry
may produce only one sort, another may produce several. The
kind known in trade as ¢ Unfading Green  is usually harder
and more compact than the other sorts, but this is not always
the case and in different quarries, the same sort of slate, appar-
ently, may be quite different in hardness.

The quarries located in the southern part of the State belt
usually produce a slate that can be readily split into roofing
material and many quarries produce only roofing slate, others
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produce this and the more compact, less easily split stone which
is known as mill stock, Others, especially those in the northern
part of the region, produce only mill stock. A half dozen or
more different beds of slate have been found in a single quarry
though this is not common. So far as I have been able to as-
certain the following companies are at present engaged in the
slate business in this State.

PraTe IL.

LIST OF COMPANIES PRODUCING SLATE IN VERMONT.

American Sea Green Slate Company, Granville, N. Y.
Auld & Conger, Poultney.

Allen & Son, Fair Haven,

Bonville Brothers, Fair Haven.

Clayton & Burdick, West Pawlet.

Durick & Flannagan, Fair Haven.

Durick & Keenan, Fair Haven.

Kastern Slate Company, Poultney.

Eureka Slate Company, North Poultney,
Edwards Slate Company, Poultney and Wells.
Fair Haven Marbleized Slate Company, Fair Haven.
Fleming Slate Company, Poultney.

Green Mountain Slate Company, Poultney.
Griffith & Nathanael, Poultney.

Griffith, Thos. R., West Pawlet.

Hinchey Brothers, Hydeville.

Hughes, W. H. Slate Company, West Pawlet.
Hughes—Snyder Slate Company, Poultney.
Johnson & McCormick, Pawlet,

Jones, Roberts & Rowland, Poultney.

John J. Jones Slate Company, Castleton.
Jones & Owens, Fair Haven.

Maley Brothers, Fair Haven.

Matthews Slate Company, Poultney.

Minogue Jas., Castleton.

Morris Chas, Slate Company, Poultney.

Nelson Brothers & Morof, West Pawlet.
Northfield Slate Company, Northfield.

Norton Brothers, Granville, N. Y.

New York Consolidated Slate Company, Poultney.
O’Brien Brothers, Wells.

Parry, Jones & Owens, Poultney.

Penryn Slate Company, Hydeville.

Slate Ouarry.
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Peerless Slate Quarry, Fair Haven.

Rice Brothers, South Poultney.

Rising & Nelson, West Pawlet.

Roberts, G. T., West Pawlet.

Rutland County Slate Company, Poultney.

Sheldon, F. C., Granville, N. Y.

Union Slate Company, Hydeville.

*Valley Slate Company, Fair Haven.

Vermont Black Slate Company, Northfield.

Vermont Marbleized Slate Company, Fair Haven.

Vermont Slate Company, Granville, N. Y.

Vermont Unfading Green Slate Company, Fair Haven.

I am indebted to Mr. Wm. Griffith of Poultney for aid in
compiling the above list.

In Northfield and Benson there are deposits of black slate.
Those at the former place are extensive and well located and at
different times they have been worked to a considerable extent.

At present two of the Northfield quarries are worked.

The Northfield Slate Company is working the Union Quarry
for roofing slate and the Vermont Black Slate Company is
working a quarry about two miles south of the village and have
a fine showing of slate exposed. I have never seen so large
slabs of slate taken from any quarry as could be taken from one
face in this quarry. The jointing is such that the slaty cleav-
age is nearly perpendicular and from the face in question a
clear slab [orty by fifty fect could be taken. A new departure
in this region is being taken by this company.

Instead of confining their work to roofing slate, as has been
done at all of the Northfield quarries, a mill, equipped with
ample machinery is now well installed, and some of the machin-
ery is working. The stone is said to be very good for milled
stock and the use of the Northfield slate for the numerous pur-
poses for which the milled stock is sold must add materially to
its market value.

In the Bulletin above mentioned Professor Dale says of the
Northfield slate:’’

“Geological relations,—The Vermont geological map* repre-

*This Quarry has recently been purchased by The Montauk Slate Company.
a Hitchcock and Hager Rept. Geol., Vermont, vol. 2, 1861, P1. I, p. 794,
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ssents a belt of clay slate, from 1 to 7 miles wide, as extendin
from Lafke Memphremagog along the east side of the Greei
Mountain axis as far south as Barnard in Windsor County, a dis-
tance of go miles. A recent paper and map by Richardsonb’repre-
sents a portion of this slate belt 52 miles long, extending from
North Calais, in Washington County, to a point in Windsor
County nearly 10 miles west of White River Junction. The
age of this slate formation was thought to be probably Devon-
lan by the authors of the older report,c but Richardson regards
it as Lower Trenton. Conclusive paleontological evidence on
the subject is yet lacking.

’lthS slate has been quarried at Montpelier and Northfield
which are 1o miles apart. The strike of bedding at both places’
ranges trom N. 10°to 20° E. At the Vermont Black Slate
'.Comp'amy’s quarry, 2 miles south of Northfield, the beds occur
in mimor very acute folds, which strike N. 10° E., while
the cleavage, with an almost identical strike, dips ’VV at
75° This indicates that the general course of the bed(.iin
is not far from horizontal and that lateral repetitions of strati
areto be looked for. The interpretation given by Richardson
o'f Pl. 'XV in his paper, referred to above, requires corrobora-
tive m1cfroscopic evidence. The low easterly (by error printed
west) dipping planes resemble a secondary cleavage, while the
steep westerly ones have the characteristics of bed,ding

The slate continues about 300 feet west of this quarr}‘f and
(apqujc a third of a mile east, making its total width in’that
vicinity about 2,000 feet. The general relations of this slate on
t}'le west are these: The western part contains a bed of novacu-
lite up to 12 feet thick, and is followed by slate of no commercial
value, which is followed at the foot of the range, about three-
fourths miles southwest of the village, by a ser,icite-chlorite-
quartz-schist with grains of plagioclase, with a vertical sli
cleavage striking about north and a plicated bedding with E,

b Richardson, C. H., The Térranes

Pl v of Orange Couanty. V., Slate, p 77-79, and map
. s + in Rept. State Geologist Vermont, (3) of New Series. 1901, 1902.

€ vol. 1, p. 497,
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thin-bedded, more or less muscovitic quartizite (with grains of
zircon and plagioclase), so intricately folded as to strike N, 20°
range 2 miles west of the village, there is a large exposure of
northerly pitch. After a covered interval, at a point on the
E.,N. 20° W., N. 50° E., and N. go® E. Anarea of a few acres.
of muscovite granite (formerly quarried, Moses King property)
lies within this quartzite, or at least with this quartzite on both
its east and west sides. This granite in places becomes orbic-
ular, carrying nodules of concentrically arranged mica an inch
in diameter.

Northfield Slate.—In 1904 but one quarry was in operation
at Northfield, that of the Vermont Black Slate Company,
which measures about 100 feet along the strike, 60 feet across
it, and 55 feet in depth. The relations of cleavage and
bedding are shown in fig. 11. The cleavage strikes N. 12°
E. and dips 75° W. Strike joints strike N. 15° E., dip 50°
W., dip joints N. 77° W., and dip 85° S. Diagonal joints
strike N. 55° E. and dip 65° NW. The grain dips 70° N.
An exceptional false cleavage dips 15°-20° N. As thereare
no ribbons in the bedding nor horizontal joints crossing the
cleavage, channeling in a horizontal direction becomes neces-
sary. It is, therefore, easier to obtain very large slabs for
mill stock than small ones for roofing slates.

The slate is very dark gray ; to the unaided eye has a very
fine texture. The cleavage surface is very smooth and very
lustrous, but has here and there minute longish crystals of
pyrite pointing in the direction of the grain, also some very
minute nonmetalic lenses. It appears to be slightly graphitic
and contains a very little magnetite. The sawn edge shows
lenses and crystals of pyrite from 1 to 3 mm. long. There is no
effervescence in cold dilute hydrochloric acid. It is very sono-
rous, very fissile, and does not discolor.

Under the microscope shows a matrix of muscovite (seri-
cite), with a very brilliant aggregate polarization and a very
even texture. There are abundant quartz fragments up to 0.06
mm., exceptionally o.1 by c.03 mm. The lenses and crystals
of pyrite (including a small percentage of magnetite) number
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from 7 to 8 per square millimeter and measure from 0,05 by 0.03
up to 0.06 by 0.1 mm. These figures, however, do not include
the exceptionally large ones, visible without a glass. The long
axes of these lenses and crystals lie in the cleavage but parallel
to the grain, They are usually surrounded by a rim of second-
ary quartz and muscovite, sometimes also of chlorite, radiating
from the nucleus a distance of 0.04 to .08 mm. In some cases
these secondary minerals radiate only in the zone of the cleav-
age of the slate. There are a few lenses of interleaved musco-
vite and chlorite. Considerable dark gray, probably graphitic,
matter in extremely fine particles, very little carbonate, prisms
of rutile up to o.04 by ©.006 mm. and more rarely irregular
angular masses of the same mineral, and finally some crystals
of tourmaline, 0.36 by 0.008 mm, The nonmetallic lenses
referred to above are evidently the quartz-coated pyrite lenses.

The chief constituents of this slate, arranged in descending
order of abundance, appear to be muscovite (sericite), quartz,
pyrite, graphite, magnetite, chlorite, carbonate, besides acces-
sory rutile and tourmaline.

For the reason given the product of this quarry is destined
almost entirely for mill stock, but the examination shows it to
be a superior roofing slate.

The following data were gathered at the abandoned quarry of
the Union Slate Company a half mile east-southeast of North-
field: Bedding strike, N. 10® E., dip 80° W; cleavage strike,
N. 4° E., dip 70° W, Strike joints dip, undulating, low west ;
diagonal ones strike N. 60°-65° W, and dip 75° NE.”

In previous Reports, there have been given brief accounts of
the methods employed in quarrying and manufacturing marble
and granite. It is hoped that similar facts concerning the get-
ting and manufacture of slate will not be uninteresting.

The most conspicuous feature that is seen as oneapproaches
a slate quarry is the dump or waste heap. There is, I judge,
a larger amount of waste, relatively at least, in a slate quarry
than in those of other sorts of stone. The quarry itself is not
usually seen until it is approached closely, for it is generally a
deep pit, a more or less quadrangular opening which ever

sas U Slallae) BopMons Lirendy aels
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grows deeper as the slate beds are followed down until it may
be three hundred feet down or occasionally, somewhat deeper.
For this reason, it is not possible to get a good picture of a slate
quarry. Illustrations of various quarries have been given in
previous Reports, and plates I and II show two others.

The quarry would be worked at great disadvantage had not
the ¢¢ Carriers " of which there are several kinds been invented.
On Plate 111 several of these are shown in position as they are
used in the quarry, and Plate IV shows the carrier more
plainly.

Several sorts of carriers are in use and usually there is more
than one kind in a quarry. The principal feature in all of them
is the automatic action by which a wvertical motion can be
changed to a horizontal one at-once and at any point. By an
arrangement of wheels, levers and stops in these carriers the
block of slate is raised from the pit up to the desired point, and
then the whole apparatus, carrier and piece of slate, is carried
along an inclined wire cable to a point near a shed or mill
when the horizontal motion is stopped and the slate is let down
to the ground or onto a waiting car. Instead of a block of
slate, a large tray or pan made of iron and several feet square
and a foot or so high is used to carry off the waste. This works
on the same plan as that just described, but differs in some
respects. The pan is so arranged that when over the waste
heap it automatically turns and drops its load after being let
down to a greater or less distance and then returns to its original
position where it receives another load.

Derricks of the ordinary sort are used to some extent in the
slate quarries, but the carriers largely take their place, and it is
this more than anything else which causes a group of slate
quarries to appear unlike other similar regions.

A block of greater or less dimensions having been taken from
the quarry, if it is suitable for splitting into roofing slate is
prepared for market by very few and simple processes.

- It is simply landed near a shed and first split carefully, a
wooden mallet being used, until it is broken into a few blocks
of such size that each can be readily trimmed to the dimensions
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Slate Sawing Machine,
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As has been noticed, if slate is to be used for roofing, only
moderate sized blocks are taken out, but if the stone is to go to
the mill the block may properly be much larger. In some
quarries very large pieces are not often obtained readily, but in
others pieces as large as any of the machines by which it is to
be worked can receive may easily be gotten out. I have seen
slabs three or four or even six inches thick and twenty feet
long by six feet wide, at several of the mills., Usually, how-
ever, pieces of less dimensions are taken, since these are large
enough for all the purposes of trade and more easily handled.

The large block having been freed from its original bed and
split at the quarry into slabs a few inches in thickness, is de-
posited at some mill. Here the first process through which it
usually passes is that of sawing. The saw, Plate VI, is in
most cases a circular one with large, thick teeth.

As the figure shows, the bed of the sawing machine on which
the stone rests is somewhat peculiar. Besides the various
guides to enable the workman to saw out a perfectly rectangular
piece, the table on which the stone rests is made in open work
so that there are numerous places into which the workman can
thrust a bar when he wishes to move the piece which is being
sawn.

Skill in handling, of course, is an important factor, but this
and other features in the construction of the table make it pos-
sible for a man to move a very large slab of stone single handed.
These saws are arranged with three different speeds of feed and
by arrangements of pulleys a number of additional speeds may
be had. This is necessary because of the varying quality of the
slate. Some of it is much harder and this must be cut more
slowly, than other sorts. The thickness of the block or slab
also must be taken into account. But even when the slate is of
the hardest, the saws are able to cut through it with unexpected
rapidity. What would be considered the average time necessary
for sawing average slate of a given thickness I was not able to
learn. The men in the mills said that it varied so much that
they could give no definite statement. I watched several pieces
as the saw went through them. One piece of unfading green
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The whole process as it is watched seems most easy and
simple, but in reality only skilled workmen can produce satis-
factory results. And the results are exceedingly satisfactory.
1 saw specimens of onyx and of different kinds of marble while
by the side of each was the slate imitation and in many cases
the copy was wonderfully perfect.

The uses to which slate is put are almost innumerable and all
the mills reported large and increasing business.

GRANITE.

In the production and sale of marble, Vermont probably leads
the world. In the slate business, though a long way behind
Pennsylvania, we are far before any other state in the Union.
Of late years the granite industry has been nearly as great
as the marble, and during the year 1g9o5 the sales of granite ex-
ceeded considerably those of any other stone. As has been
noticed in previous reports, this now vast industry is of com-
paratively recent growth. Without doubt granite has been used
to a small extent for foundations and walls ever since the
State was settled, but it is not many years since the sales
of Vermont granite grew large enough to attract attention.
Not more than twenty-five years ago this industry was not re-
garded as especially important, In 1880 the total sales of
granite in this State amounted to less than $60,c00 and only
twelve guarries are reported as then worked.

Statistical tables are not usually very interesting, but the fol-
lowing statement of the sales of granite in this State since 1890
is instructive in that it shows steady, though not wholly unin-
terrupted growth. As reported by the United States Geolog-
ical Survey the value of the granite produced and sold in Ver-
mont was as follows:
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2205 S A n i A e e o Y T $700,000.
Fgaioh LB dem Al P, A e (R e e LT 00 T
5 e R e el K e SR g $778,459.

TEOH oily vs vilasn b an eeinianhia oy BOQIIOGE



20 REPORT OF THE VERMONT STATE G EOLOGIST.
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For 1903 reports were received at this office from most of the
principal granite workers, though many, chiefly of the smaller
companies, did not report and from these figures I obtain as the
total for that year $2,350,800, which is much larger than the
amount given for the same year by the Geological Report of
the Government.

I have before éxpressed my belief that the U. S. Reports
have not done justice to our granite industry and given what
seem to me good reasons therefor. The figures for 1904 are
not so complete that I care to attempt to give a total as no
effort was made to compile accurate figures for that year, but
there can be no doubt that this would show marked increase
over the previous year, but for the last year, 1go5, I have more
complete reports from the various companies than have ever
come in before and, while the total amount is undoubtedly less
than it should be or would be if all had reported, it is fairly
accurate.

From the above figures the rapid growth of the business
during the last three or four years is readily seen. It will also
be seen that once in every few years, for some reason which
may not in all cases be apparent, there has been a greater or
less falling off in the amount of granite sold. It is also plain
that on the whole the sales have steadily increased and no one
at all familiar with the granite areas of the State and the con-
ditions of the business can for a moment doubt that the increase
is to continue and in all probability, the granite trade will not
only grow larger with the coming of each new year, but the

PraTe IX,

Granite Quarry of Boutwell-Milne-Varnum Company, Barre, Vt.
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growth will be more rapid in the years immediately before us
than it has been in the past. During the past year most of the
granite companies have reported larger sales than ever before
and many a very large increase, some having doubled their busi-
ness. Many new cutting sheds are now in process of construc-
tion or have been recently completed, new and more efficient
machinery has been or is to be installed, new quarries are being
opened. When it is realized that with all the present pros-
perity, the natural supply of granite which Vermont possesses
has not been really developed, but only partially explored by
quarrymen and that great beds and masses have never been
touched at all, it is easy to imagine that the granite trade of this
State has almost unlimited possibilities before it.

During the past two years quite a number of the Barre com-
panies have been united under and are conducted by a much
smaller number of managers. There has been no tendency, so
far as I am aware, to form any trust or to unite a large number of
quarries or cutting plants under one management, but here and
there, three or four independent concerns have been consolidated
into one larger company.

Vermont produces all shades and grades of the gray granite
from the very ¢ Dark Barre ”’ to the almost ¢ White Bethel >’
with all sorts of intermediate shades in the Barre and Woodbury
‘“medium ”” and ¢ light.” Some of the stone is suitable for the
finest carved work or the most stately monument, while the
Product of many quarries has no superior and rarely its equal
as a building stone.

Itis I think safe to say that no known granite excels that
found in Vermont for any purpose. Numerous and costly
monuments and many of the finest and largest buildings in the

country bear sufficient testimony to the truth of the above state-
ment,

In the Report immediately preceding this, an account of the
Modern methods of working granite was given and in the same
Volume there may be found illustrations of a number.of the
Quarries while Plates IX-XII, illustrate others. In the Third
Report there is a detailed account of the ‘“Granite Area of
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LBarre’” by Mr. Finlay and in Dr. Richardson’s paper ¢The,
Terranes of Orange County ” there is a brief discussion of a
part of the granite area of Barre and the interested reader is
referred to these articles. In a following portion of the pres-
ent Report, Dr.Richardson treats with greater fullness several of
the granite deposits located in the territory of which he writes,

Thus far no red granite has been found in Vermont and it is
not probable that any deposit of value can exist here, overlooked
by all explorers., There is, however, a fine mass of pink, or
pinkish, stone in the town of Newark which belongs to the Flint
Granite Company of Albany, N. Y., and Newport, Vt,

Of this deposit the owners write as follows: ¢ The character
of the stone is very similar to that of Barre except that it has a
pinkish color. We believe that it is without question the largest de-
posit of granite in the State of Vermont that is adapted for build-
ing and monumental work. The extent of the deposit is a mile
and a half to two miles in length, and in height from thirty to a
hundred and sixty feet perpendicular. The stone lies in sheets
very nicely bedded, the layers are very heavy and vary from eight
feet to thirty feet in thickness. It seems to be free from iron and
imperfections.”

Many of the Vermont quarries are able to furnish pieces of
stone of any required dimensions. Indeed the size of pieces quar-
ried may often be limited only by the capacity of the derricks and
the possibility of transportation. 1 have seen slabs for the roof of
a mausoleum taken from the Flint Quarry near Newport that
weighed forty tons and quarries at Woodbury and Barre have
produced those that were as large or larger. One of the largest
single stones of which I have knowledge was quarried in one of the
quarries now owned by the Boutwell-Milne-Varnum Company at
Barre. This piece was detached from the bed rock, but not re-
 moved from the quarry. It was sixty-four feet long, thirty feet
wide and eighteen feet thick. Its estimated weight was three
thousand tons. It was all clear, good stock, and was cut up into
pieces that could be handled.

Another yet larger piece of stone was quarried by A, E. Bruce
& Sons. It was lifted whole from its bed, but, of course, could

PraTe X.

One of the Granite Quarries of Boutwell-Milne-V

arnum Company, Barre, Vi.
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not be taken out of the quarry, until cut up. This block was
thirty-nine feet long, twenty-five wide and forty-five thick, there-
fore was much heavier than the first named block. Such a block
would weigh nearly four thousand tons.

During the past year quarries have been worked in greater or less
number at Newport, Burke, Hardwick, Woodbury, Calais, Barre,
Bethel, Ryegate, Groton and Dummerston. From this list it will
be seen that granite occurs throughout the length of the State.

As several inquiries as to the strength of some of the Vermont
granites have come to this office during the past year, I take this
opportunity to refer the reader to Dr. Richardson’s quotations of
the strength of the Woodbury and Bethel granites given in the
article following.

In the Fourth Report each granite locality was taken up separ-
ately and the chief details concerning it were given. Hence these
may be omitted here as the main facts have not changed materially
during the last two vears. The main difference which is notice-
able to anyone who visits the quarries and mills is in the larger
work which is going forward. Perhaps the greatest single im-
provement in getting out stone from the quarries is found inthe
railroad constructed and set in operation during the last year by.
which the Bethel granite is taken from the quarries northeast of
the village and carried a distance of five miles to the Central Ver-
mont R. R. Thisadds a third to the already established railroads
built solely to convey granite from the quarries to some main line.
The road from Woodbury to Hardwick and the Barre Quarry
Road with its numerous spurs into quarries have been mentioned
previously.

The very recent development of the granite industry at Bethel
which was described in the Fourth Report has gone forward with
gratifying success. The demand for the Bethel granite is large
and increasing and, as may be seen by reference to the result of
tests given in the article mentioned above, the stone is not only
one of the most attractive building stones to be found, but it is one
of the strongest known. It is only three years since any work of
importance was done at Bethel and yet during 1905 the E. B.
Ellis and the Woodbury Granite Companies produced this stone
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to the value of nearly, or quite, three-quarters of a million of
dollars.

The Woodbury Granite Company have a large cutting shed
alongside of the Central Vermont’s track a mile or so south of
Bethel station, but the E. B. Ellis Company take all their stone
to Northfield, 28 miles north as they already had a cutting plant
there when the Bethel stone came into use and as water power,
or rather electricity produced by water power, could be had there
they find it better to carry all their stone to that place and ship
from there.

Of the works at Northfield, one of the firm writes in answer to
inguiry as follows :

“Ourcutting plant at Northfield is principally composed of three
cutting sheds, situated on the line of the Central Vermont Rail-
road, one 350 feet long and 4o feet wide, another 230 feet long
and 50 feet wide and the third 475 feet long and 50 feet wide. At
the present time we are erecting an additional length to the second
shed mentioned which will make it 475 feet long. These sheds
are equipped with traveling derricks made by the Lane Mfg. Co.,
of Montpelier, Vt., of which we now have five in operation and
another one about to be delivered which will be placed in the addi-
tion weare now erecting. We also have all the latest improved
machinery known to the trade. Besides two column turning
lathes now being operated we have recently ordered a column
turning and fluting machine which will handle a stone seven feet
in diameter and forty feet long, or equivalent to 196 tons. We
are using over 300 H, P. to run our machinery, electric power
being used throughout and is furnished from the Mad River Valley,
a distance of ten miles from our plant.

The property of this company at Bethel covers three hundred
acres. The quarry is equipped with eight twenty ton derricks
worked by steam and numerous channelling and other machines
worked by compressed air.”

The Woodbury Company’s quarry adjoins that of the Ellis
Company and is on the same deposit which is of vast extent.

It is designed in the following list to give the addresses of all of
the granite quarrying companies in the State and most of those
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Section of a sheet 28 feel thick in the gquarry of the Wetmore & Morse Granite Company at Barre, Vi,
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which are doing any considerable business in selling and cutting
this stone though working no quarry. There are many small
establishments scattered all over the State which do some business
in granite and marble, chiefly in the manufacture of cemetery
monuments and headstones which are not included. It is very
likely that some are omitted which should be-included, but from
these no response has been received since the circulars of inquiry
were sent out several months ago and consequently I have no cer-
tain knowledge that they are still in business, As it is the
intention to publish similar lists in future reports, the author will
be glad of any additions or corrections that may be made to the
list as here printed.

Those marked Q work one or more quarries. Those marked
C have one or more * Cutting Sheds,”  C indicates that the
company have both quarries and cutting plants,

LIST OF COMPANIES QUARRYING OR WORKING GRANITE IN VERMONT,

BARRE COMPANIES.
Anderson & Sons, Barre, Q. C. Canton Brothers, Barre, Q. C.
Allen & Newcombe, Barre, C. Carroll & NeNulty, Barre, C.
Abbiati, E., Barre, C. Carusi, E. A. Barre, C.
Barclay Brothers, Barre, Q. C.  Coburn & Ellis, Barre, C.
Barclay, Andrew S,Co., Barre, C.Cole, W. & Sons, Barre, C.
Barney, Auguste, Websterville, Q.Comolli & Co., Barre, C.
Barre Granite Co., Barre, Q. C. Consolidated Quarry Co., Barre,
Barre White Granite Co. Barre, Q. 0. C.
Barre Granite Quarry Co., Barre, Q.Corskie, J. B. & Son, Barre, C.

Beck & Beck, Barre, C. D.B. L. Granite Co., East Barre, C.
_Bedard, Joseph, Websterville, Q. Densmore, C, D., East Barre, C.
Bessey Granite Co., Barre, C. Dewey, Col. Cutting Works, Barre,
Bianchi, Charles & Son, Barre, C. C.

Bilodeau, J. 0. & Co., Barre, C. Dineen & Co., Barre, C.

Bird, Alex. & Sons, Barre, C. Eclat Granite Co., Barre, C.

Bond, G. E., Barre, C. Ellis, H. M. Co., Barre, C.

Bond & Kidder, Barre, €).Cx Guidici Brothers & Co,, Barre, C.
Boutwell-Milne-Varnum Co., Grearson-Beckett Co., Williams-
~ Barre, Q. C. town, Q.

Bruce, A. E. & Sons, Barre. Q. Harrison Granite Co., Barre, C.
Brown, John & Co., Barre, C. Hoyt & Lebourveaun, Barre, C.

Bugbee & Alexander, Barre, C. Innes & Cruikshanks Quarry Co.,
Burke Brothers, Barre, C. Barre, Q. C.
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Jones Brothers' Co., Barre, Q. C.
Jones, A. S., Barre, C.
Kidder, W. D., Barre, C.
Langfield Granite Co., Barre, C.
LeBarron, W. J., Barre, C.
Leland & Hall Co., Barre, C.
Littlejohn & Milne, Barre, Q. C.
McDonald & Buchan, Barre, C.
McDonnell & Sons, Barre, C.
McGee, William, Barre, C.
Mclver, Mattheson & Co,, Barre,
Q. C.
MecMillan C. & Son, Barre, C.
McMinn, J. & Sons, Barre, C.
Macchi, Z., Barre, C.
Magnaghi & Galli, Barre, C.
Manufacturers’ Quarrying Co.,
Barre, Q.
Marciasi & Mortimer, Barre, C.
Marr & Gordon, Barre, Q.
Marrion & O’Leary, Barre, C.
Martell Brothers, Barre, C.
Martinson, John & Co., Barre, C.
Melcher & Hadley, Barre, C.
Milne & Odgers, Barre, C.
More, C. H. & Co., Barre, C.
Moore Brothers & Brault, Barre, C.
Mortimer & Campbell, Barre, C.
Murray, J.F ., Barre, C.
Mutch & Calder, Barre, C.
Noonan Brothers, Barre, -C.
North Barre Granite Co., Barre, C.

Novelli & Calcagni, Barre, C.

Oliver & Co., Barre, C,

Osborne & Son, Graniteville, C.

Parry & Sons, Barre, O,

Pirie, J. K., Graniteville, Q.

Prospect Granite Co., Barre, Q.

Provost & Boussiere, Gouldsville,
Q.

Pruneau & Giguere, Websterville,
Q. .

Rae, James & Son, Barre, C.

Rizzi Brothers, Barre, C.

Rizzi, L. G., Barre, C.

Robins Brothers, Barre, C.

Ross, Clifford & Co., East Barre, C.

Scott Brothers, Barre, C.

Sector James & Co. Barre, C.

Smith, E. L. & Co., Barre, Q. C,

Smith Brothers, Barre, C.

Standard Granite Co., Barre. Q.

Stephen & Gerrard, Barre, Q.

Straiton, George, Barre, C.

Sunnyside Granite Co., Barre, Q.

Sullivan, Eugene, Barre, C.

Sullivan,J. J. & Co., East Barre, C.

Summers & Co., Barre, C.

Swasey & Co., Barre, C.

Tayntor. C. E. & Co., Barre, Q.

Thom, Clark & Co., Barre, C.

Walker, Geo. & Sons, Barre. Q. C.

Wells, I.amson & Co., Barre, Q. C.

Young Brothers, Barre, C.

MONTPELIER COMPANIES,

Amer'n Granite Co., Montpelier, C.

Bertoli, H. J., Montpelier, C.

Bianchi Granite Co., Montpelier, C.

Bonazzi & Bonazzi, Montpelier, C.
Craven, E. E. & Co., Montpelier, C.
Dillon & Haley, Montpelier, C.
Doucette Brothers, Montpelier, C.
Frazier & Parkman, Montpelier, C.
Gill, C. P. & Co., Montpelier, C.

Gillander & Keough, Moutpelier, C.

Hill, Felix A., Montpelier, C.

Jurras, J. & Co., Montpelier, C.

McCann & Maroni, Montpelier, C.

Mills & Co., Montpelier, C.

Patch & Co., Montpelier, Quarry
at Calais.

Pecue Brothers, Montpelier; C.

Pioneer Granite Co., Montpelier, C.

-
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Ryle & McCormick Co., Montpe-Sweeney Brothers, Montpelier, C.
lier, C. Wetmore & Morse, Granite Co.,
Sibley, Clark, E. Montpelier, Q.C. Montpelier, Q. C.

COMPANTIES LOCATED IN OTHER PARTS OF THE STATE.

Davis Brothers, West Berlin, C. Brown & Drewen, Woodbury, C.

Daniels, Drew, Waterbury, C., McNight, E. A., Woodbury, C.
Quarry at Calais. Nolan, E., Woodbury, C.

Webber & Co., Woodbury, C.

Bruso, P. & Co., Northfield, C. Woodbury Granite Co., Quarries

Cannon & Slack Co., Northfield, C. at Woodbury and Bethel, works

Cross Brothers, Northfield, C. at Hardwick and Bethel.

Devine & Burns, Northfield, C.

Ellis, E. B. Granite Co., Quarry at Anderson, A., South Ryegate, C.’
Bethel, Cutting works at North- Blue Mountain Granite Works,
field. South Ryegate, Q. C.

Craigie, James, South Ryegate, C.

American Granite Co., Hardwick,Gray, T. D., South Ryegate, C.

C. McDonald, M. F., So. Ryegate, C.
Anair, Joseph, Hardwick, C. Metcalf, H. E., South Ryegate, C.
Crystal Brook Granite Co., Hard- Morrison, D. A. & Co., South Rye-

wick, C. gate, C.

Daniels, T. H., Hardwick, C. Rabioli, J. D., South Ryegate, C.

Donald, William B., Hardwick, C. Roben, Geo., South Ryegate, C.
Fletcher, E. R., Quarry at Wood- Rosa Brothers, South Ryegate, C.

bury, Cutting plantat Hardwick.Ryegate Granite Works. South
Hardwick Polishing Co., Hard- Ryegate, Q. C.

wick, C.
Jackson, H. B., Hardwick, C. Benzie & Co., Groton, C.
Mack, H. R., Hardwick, C. Booth, C. L., Groton, C.
Murch, E. R., Hardwick, C. Carbee, W. R., Groton, C.
Ross & Imlah, Hardwick, C. Coruth, G. E., Groton, C.
Stewart Granite Works, Hardwick,Darling, B. J., Groton, Q.

C. : F'razier, Donald, Groton, C.
Sullivan, J. E., Hardwick, C. Gamble, John, Groton, C.

Tillotson, H. H., Hardwick, C. Hall Brothers & McDonald, Groton,
Union Granite Co., Hardwick, C.  C.
Valvola & Co., Hardwick, C. Hosmer Brothers, Groton, C.

R McRae, Benzie & Co., Groton, Q. C.
Ainsworth & Mack, Woodbury, C.
Bashaw Brothers, Woodbury, C. Calais Granite Co., Calais, Q.
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Lake Shore Granite Quarry, Calais, Tillcrop Granite Co., West Con-
Q. cord, C.
Lyon Granite Co., G. E., Brattle- Welch, Joseph, West Concord, C.

boro, Quarry and cutting plant Williamson, Harry, W. Concord, C.

at Dummerston, Q. C.

Flint Granite Co., Albany, N.Y,
Chapman, W. J., West Concord, C. Quarry at Newport.
Daniels, J. C., West Concord, C.
Grout Granite Quarry, West Con- Ayer, E. S., West Danville, C.
cord, Q. Goss, A. J., West Danville. C.
Kearney, Thos., West Concord, Q.McGillie, West Danville, C.

Burke Granite Co., West Concord, Waldo, M. E. West Danville, C.
Q.

Goodell, J. W., Burlington, C.

In the preparation of the above lists I have been greatly aided
by Mr. William Barclay, Jr., Mr. G. H. Bickford, Mr. H. W.
Goodine and Dr. C. H. Richardson.

From the reports which have been received this year, though,
as stated, quite a number of firms have made no report, there is
at present capital invested in the granite business to the amount
of $2,240,000, men employed 3,487, output for 1905 valued at

$4,035,000.

CLAYS.

Brick yards are common all over the State, but aside from these,
the clays of Vermont are not largely used.

Still there are a few establishments which dig and sell an
amount which is quite worth considering. _

A short distance southeast from Rutland there is a deposit, or
rather there are several, of a peculiar clay which has apparently
resulted from the breaking down of the mica schist which is com-
mon in the region. Some of the schist is talcose and this pro-
duces a somewhat different clay from that which is more micaceous

and some of it is also more siliceous. The Rutlarnd Fire Clay -

Company dig these different sorts of clay and use them, either
alone or mixed, for various purposes. A certain mixture of two
sorts of these clays proves to be a most excellent fire clay and a
considerable quantity of this is sold for furnace and stove use.
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Other portions of the deposit are mixed with cement and O'thelf'
substances and sold for wall plaster and the company hafve recen-/e(.i:
the highest testimonials to the good qualities of this material.
The deposit has as yet been hardly more than opened anc.l there
appears to be an ample supply for future use. About 2 'm1le and
a half from the clay beds the Company have a milling plant
where the clay is ground, mixed and put up for sale.

At Forestdale, a village in the town of Brandon, Messrs. Horn,
Crockett & Company have works which were described in th.e
last Report, in which kaolin is prepared for sale. The c]ay- is
dug from a deep shaft near the mill and is very white, but cqntamxs
a good deal of quartz sand which must be removed. A large
quantity of clay is dug and sold when dried and ground. .

At Shaftsbury, Messrs. S. C. Lyon and Brothers dig and
sell china clay, kaolin and ochre. ‘

In Monkton there is what appears to be a large deposit of kaolin
which has been explored somewhat and some years ago a company
undertook to work it, but owing to the death of the principal im
the movement all work was stopped after a time. As to the de-
posit I am informed by Mr. M. O. Snow, a well driller,.that he
was employed several years ago to sink six inch borings into the
kaolin bed in order to ascertain something as to its thickness. Mr.
Snow sank six holes varying in depth from 41 feet to 174 feet.
In all the borings kaolin was found in abundance. Inthe deepest'
boring the kaolin was reached at a depth of 16 feet and followed
down to 174 and the bottom not then reached. In the 154 feet
shaft, 38 feet of kaolin was found.

MARL.

In this connection there may be noticed a bed of Marl which is.
of large extent and good quality.

By invitation of Mr. E. H. Deavitt I visited the deposit early in
the fall of 1905. The bed is in the town of Sutton and covers
about ten acres of a swampy tract of land. The bed appears to
be continuous and of varying thickness from five or six feet near
the outer portions to over twenty feet in the middle. The marl
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is very pure white carbonate of lime and contains remains of
planorbis and, to a less extent, other shells of fresh water mol-
lusks.

Where it has not been dug off, there is a covering of peaty soil
which varies from a few inches to a foot and a half in thickness.
Analysis of specimens which 1 have obtained has been furnished by
Mr.F. M. Hollister of the Vermont Experiment Station.

Amnalysis of Shell Marl from Sutton.
As received. Dried.

Moisture...............30.00 per cent......
Ca0. Calcium Oxide....33.56........47.96%
MgO. Magnesium Oxide...25...........36.
Insoluble matter..........62...........88.

Iron and Aluminum, traces,

TALC.

Talc mining has been carried on of late with unusual activity,
and several new beds have been investigated and are now worked.
The bed which has been worked for some time by the /Zzter-
national Mineral Company at Moretown is thus far the largest
deposit found in the State, At this place preparations have been
made for not only getting out the talc, but for grinding it and pre-
paring it for market, The talc is shipped at the Central Vermont
Station at Middlesex and this necessitates a haul by team of some
six miles.

At East Granville the Eastern 7alc Company have a shaft
which was opened in 190o4. The stone is taken from a depth of
a hundred feet and carried by team to the railroad which is not
far distant. Here it is shipped in the rough to mills in Maine.

At the time of my visit, June, 1906, forty tons a day were
mined.

At some distance south of this shaft a new bed is being opened.
In Rochester, the United States Talc Company are working a
talc mine and shipping the material.

*Equivalent to 85.58 per cent. carbonate of lime.
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The American Mineral Company have control of a deposit of
talc which is a few rods south of the railroad station at Johnson.
This property had not passed beyond the prospecting stage when
1 saw it, but it appeared very promising.

The talc mass cropped out over a considerable area and borings
indicate that it has, at least in places, a thickness of many feet.
The quality is good there being little or no grit or other impurity.

SOAPSTONE.

This material is quarried and manufactured to some extent in
the southern part of the State, but I have received no reports from
any of the companies engaged in working it.

PEAT.

A very unusual degree of attention appears to have of late been
given to the peat beds of the country. The difficulties which
arise every now and then in the coal fields and the consequent in-
creased price of the different kinds of coal are probably in a large
measure accountable for this new interest in peat. At any rate if
any permanent results come out of investigations into the getting
and uses of peat, Vermont ought to have a share in it and reap
some benefits from it for peat is abundant in all parts of the State.
1 presume that there are few of our towns that do not possess at
least one peat bed and many have several. On account of its
geological character, Vermont will never possess a coal mine be-
cause the rocks of this State were nearly all formed long before
the first coal bed began and the conditions in this region during
the coal making times were such that it was impossible that any
beds of coal should be deposited here or near here, but ages later,
when peat deposits began, the conditions were very favorable for
large and numerous deposits.

As to the value of peat, the following, quoted from Professor
Norton of the Mass. Institute of Technology may be. of interest.
“Its caloric value when dried is from 6.600-1.400B.T. units per
pound. This compares very favorably with good grades of coal,
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both anthracite and bituminous, very little of which will give out
2400 heat units to the pound. With the proper preparation and
advantage of mechanical pressure when drying, marsh mud should
average 1200-1400 heat units to the pound, which would place
it considerably above run-of-mine coal of high grade. For
domestic use peat briquettes seem to be in every way as good as
anthracite and in some respects better than any kind of bituminous
coal,

They are free burning, give a clear, smokeless flame, they are
clinkerless and hardly need any draft when started.

The cost of digging, preparing and drying peat is much cheaper
and safer than coal mining, being all on the surface and re-
quiring neither skill nor experience. Marsh lands are of much
greater extent than coal areas, * * * * * * Vact beds are found
in New England. Their development will render independent of
coal supplies many inland localities where other cheap fuel will
never be available.”

While as it seems to me, the case for peat is put in the above
statements quite as strongly as facts will warrant, even when the
peat is of the best quality, yet there is undoubtedly much truth in
what is said and much that should attract attention. It is not by
any means impossible that on many of our farms which today
yield but poor returns for the labor spent upon them, there are
peat beds that may, with improved methods of preparation and
use, prove much more remunerative than do the crops which are
now raised on what are regarded as the more valuable parts of
the farms.

For some time Mr. F. M. Hollister, Chemist at the Vermont
Experiment Station, has been investigating the peat of the State.
This work has not yet reached conclusions that can be published.

While, as has been noticed, peat deposits of some sort are found
almost everywhere in this State, yet Mr. Hollister reports that
“Some of the most extensive deposits are in Benson, Monkton,
South Hero, Pearl, Isle La Motte, South Burlington, Williams-
town, Marshfield, Franklin, Bennington. The most extensive
deposit in ‘.Vermont is probably in and around Bristol Pond
about two and one-half miles from Bristol station.
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Tt is my impression that a good share of Vermont peat is of the
decayed wood variety and that a good many such deposits exist
without the knowledge of their owners. At Franklin the so called
Cranberry Marsh seems to be an almost inexhaustible deposit of
half decayed spbagnum moss suitable for moss litter.”

In the Report of the U. S. Geological Survey on Mineral Re-
sources of the U. S. Mr. H. H. Hindshaw says of peat,

«The uses to which peat may be put are almost unlimited.
Artificial wood, in the shape of ornamental panels, was shown at
St. Louis Exposition. It is mixed with wool to make ¢‘Sanitary
Underwear” and various grades of paper have been successfully
made. A cattle food is made in England by saturating peat meal
with molasses and a flourishing industry has thus been established.
This food is said to be becoming popular in the United States.
As a disinfectant and deodorizing agent of the first order, the merits
of peat are beyond question. It has for years been used in hos-
pitals and public buildings in England and continental Europe.
It is used for hospital beds and mattresses as well as for bedding
for horses. Its power to absorb ammonia is many times greater
than that of straw, and by its use stables can be kept free from
odors. The principal interest, however, in peat is as a source of
fuel. In its crude condition peat has proved both in this country
and Europe to be useful only under exceptionally favorable con-
ditions and within a very short distance from the source of supply.
It has been tried on many of our railroads as a substitute for wood
or coal, but no record of its extended use can be found, its great
bulk and high water content always defeating its application.”

The great trouble with peat seems to be the very large amount
of water it contains and the great difficulty of removing it.

The writer just quoted has the following in regard to the use of
peat tor the manufacture of gas:

¢ Another form in which peat is coming into use and which
may before many years prove the best means of using it, is as a
gas. The large proportion of volatile carbon makes it excellent
material for the manufacture of illuminating gas and as a producer
of gas the peat bog will soon, with the rapid development of the
modern gas engine, outrival the mountain streain as a source of
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power and its use will not destroy the most beautiful objects of
natural scenery, but will on the other hand, redeem the dismal sol-
itude of the swamp.

Much attention has been given to peat in Canada for several
years past the object chiefly sought being to produce compressed
briquettes. The business is still in an experimental stage, but
some quantity of peat has been put on the market and has sold at
a price giving a large profit to the manufacturers.” That it is en-
tirely possible to use peat as a fuel is shown by the following ex-
periment made on a California railroad. <A train of ten cars was
run over the same track a distance of sixty miles, first with coal
and then with peat briquettes. There were used 4,450 pounds of
coal and the time consumed was two hours and forty six minutes.
The run with peat briquettes was made in two hours and forty one
minutes and 5,100 pounds of fuel were used.”
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_ ASBESTOS. S
L IR

For several years much attention has been given to the asbestos
deposits in this State. That there is much of scientific as well as
practical interest in these beds is certain. o

What the future of the asbestos industry in Vermont is to be it is
not possible to predict. There is unquestionably a large amount
of this valuable mineral in certain parts of the state, but thus farit
has not been found sufficiently concentrated to make mining profit-
able. That is, the veins of asbestos are in all cases, so far as yet
found, enclosed in so large a quantity of very hard rock that crush-
ing and separating necessary to get the fibre in marketable condi-
tion has been too costly. Another difficulty is that all the deposits
are at a considerable distance from the nearest railroad.

In all the veins so far discovered the fibre, while in many cases
it is of good quality, has been very short. Still, this would not
prevent profitable mining if it only formed a sufficiently large per-
centage of the total rock taken out.

At present none of the asbestos mines are being worked.

" In the report preceding this, there is an article on the chief asbes-
tos area in this State. <A preliminary report on a portion of the
Serpentine Belt of Lamoille and Orleans Counties by Pro-
fessor W, F. Marsters*,”’ in which the geotogy and mineralogy
of the region is discussed with some detail. It was Professor
Marster’s intention to carry on his work and publish the results in
this report, but an unexpected call to Peru prevented the plan from
reaching completion. Some additional material, however, was
published after the last report appeared in a bulletin of the Geo-
logical Society of America and, while most of this is of value
mainly to special students of rocks, I have yet thought it worth
while to reprint such portions of the paper as did not appear in the
Vermont report. For the use of the accompanying illustrations I
am greatly indebted to the Geological society.

After describing in general the areas studied, as may be seen in
f

~

the last report, Protessor Marsters goes on to consider the types

*Fourth Report, Vt. State Geologist, pp. 86-102.
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rock found as follows: ( Bulletin Geological Society America,

Vol. 16, pp. 417-444.)
GENERAL DISTRIBUTION.

““Within the area under consideration three widely different types
of rock are to be found, namely, schist, amphibolite, and serpen-
tine. The first occupies the valley floors and lower slopes of the
Missisquoi; the second forms the uppermost 1,000 feet of Belvidere
mountain, and the third occupies the area between the schist and
the amphibolite.’

SCHIST.

Brief discussion of composition.—It will be seen from an in-
spection of the map showing the distribution of a part of the
formations of the State that the Belvidere area lies entirely within
the so-called talcose schist as mapped by Hitchcock and published
in the report for 1861.%

On account of the lithological characters and mineralogical asso-
ciations the schists of Vermont were early regarded by Hitchcock
and others as a part of the great terrane extending from south-
eastern Canada (Quebec) to Alabama. Among the first scientific
men to devote attention to these peculiar rocks was T, Sterry Hunt,
who carried on a series of chemical investigations with the hope
of gaining some knowledge of the origin of this rather prominent
series of metamorphics as they appear within Canadian territory.
His studies led to the conclusion that they were derived from slates.
His chemical results, moreover, brought out the fact that the name
“talcose’ as applied to the schists was a misnomer. The fact is
evident from an inspection of his analysis, which is appended :

Silica. . . i 66070
Alumina .. ..............ovevive ... 16.20
Proxyd of iron............ ... ... ..., 6.90
Lime...... .o .67
Magnesia ... ................... .0 2073
Alkalies (by difference).............. 3.68
Water ..o vvev i 3.10

100.00

*Edward Hitchcock: Geology of Vermont. vol. 1. N 504 Ddlap. vol. 2.

a
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Thus it is seen that less than 3 per cent of maguesia is to be
found in this sample (Saint Marie), and even in the slates with
which the talcose schists are closely associated not more than 3
per cent. It is thus evident that, in so far as the Canadian repre-
sentative is concerned, the above term is not at all applicable.

The announcement of these results stimulated further study of
this same problem within the limits of Vermont. The investiga-
tions of Mr. G. H. Barker under the directions of the state
survey produced similar results. The specimens analyzed came
from Roxbury, Pownal, and Middlesex respectively.

The name ¢‘talcose” as applied to the Vermont schists is also an
unwarranted term, although it is to be said that talc and talcose
lenses are not uncommon within the limits of the schist formation.

Age of the schists.—As to the age of the schists, various in-
terpretations have been offered. If I am correct in correlating the
schists, with which the asbestos bearing serpentines are associated
in Quebec, with the occurrence under consideration, the Vermont
series would be regarded by the Canadian geologists as belonging
somewhere in the Quebec group.

The term ““Quebec” is applied to a large series of metamor-
phics, including slates, schists, and serpentine deposits. It is
probable that it, in reality, included both Cambrian and pre Cam-
brian rocks. Moreover, the occurrence of graptolites within the
limits of .the Quebec group also shows that it includes rocks of
Ordovicic age as well.  Where in the series the schists and the
associated serpentines belong is not yet clear from the evidence at
hand. It has been stated by the Canadian Survey that the schists
are in all probability Cambric in age.

The southern extension of the schists, as represented in Old
Hampshire county,Massachusetts, and Windham county, Vermont,
has been studied in very great detail by Protessor Emerson. Using
the Vermont geological map as the basis for comparison, the talcose
schists of Vermont are continuous with the Goshen schists of
Franklin and Old Hampshire counties.  This terrane is considered
as Siluric by Emerson. [nasmuch, however, as the United States
Geological Survey did not adopt the term ¢Ordovicic,” as sug-
gested by Lapworth, for Lower Silurian in the nomenclature of
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geologic folios until this year, it should be noticed that the term
*“Silurian”” as used by Emerson probably includes rocks of Ordo-
vicic or possibly earlier age. If this interpretation be correct, it
is clear that the Quebec group of the Canadian Survey and the
Silurian as used by Emerson may overlap or include one or more
formations of one and the same age—that is, the upper members
of the former may be synchronous with the lower members of the
latter; but to what extent they may be chronologically parts of the
same formation cannot be determined with the data at hand. Such
evidence as can be obtained from the literature suggests that the
Vermont series may be the late Cambric or early Ordovicic in
age.

Amphibolite

Serpeutine

¥F16. 1. Section through Belvidere Mountain.

AMPHIBOLITES.

Areal distribution.—An inspection of the map of the Belvidere
region, Figure 2, will show that the main area of amphibolite is
confined to the uppermost 1,000 feet of the mountain crest at the
southern terminus of the ridge. This rock probably makes up the
tip of the ridge as far as Hazens notch; how far it may extend
beyond has not been determined.

Small but important exposures of the same rock occur at the
lower edge of the serpentine and in prospects opened up by Judge
Tucker, There are thus three areas; but the two smaller ones are
particularly important, inasmuch as they provide certain data
which it is believed will make clear with reasonable certainty the

-
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RY ‘ben-
true lithological relationships of the amphibolite and the serp
tine and the origin of the latter.

At the south end of Belvidere the
sloped portion above the plateau-like terrace.

amphibolite forms the steep
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large portion of the rock 1s composed of dark green hornblende,
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i Y individual compo-
so arranged with respect to the cleavage of the p

nents that a gneissic and, at times, a decided schistose structur.e is
fairly well defined. At the base of the hornblendic mass, or ]L}St
above the level of the rimming plateau referred to, the amphibolite

iti hase in becoming highly garnetiferous.
presents an additional phas g
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The relation of the garnet-bearing zone to the underlying serpen-
‘tine is not easily determined, as the probable contact is covered by
‘waste from the cliffs above. At a few points in the rear of the
plant of the New England company garnet was recognized as high
as jo feet above the foot of the talus slope. So abundant is the
garnet at various points along the base of the cliff that the rock
assumes a marked reddish color and thus, at first sight, might be
regarded as quite distinct from the normal amphibolite. From
this point upward the garnet gradually disappears. Above the
70-foot mark (barometric determination) it could not be detected
in any of the hand specimens with the unaided eye. The
microscope, however, reveals the fact that garnet does occur in
small amount above this height. The main mass is nevertheless
confined to the base of the amphibolite, and probably represents
a local contact phenomenon. Its extent, so far as known, is indi-
cated on the map of the Belvidere region.

The texture of the normal amphibolite is quite variable. At
the top of the ridge it isa fine grained mass, with occasional bands
of feldspathic minerals and a tendency to split in planes parallel
to the minute mineral constituents, go per cent of which is horn-
blende. Half way down the slopes on either side of the highest
point the rock assumes a finely fibrous texture. This seems to be
a local condition, and does not extend through any great thickness
in the central portion of the formation. Again, along the fault on
the southwest side of the mountain the amphibolite takes on a
fibrous and, at times, a lamellar structure. This also is quite
local, it being induced by the crushing and shearing consequent on
the fanlting. The main body of the formation is moderately
coarse in grain, showing cleavage planes 6 and 7 millimeters in
length and 3 or 4 in width. It is not uncommon to find in Cross-
sections of individual hornblende crystals a marked blending or
curvature, best shown in sections along the longer axis. The
cleavage conforms very closely to one direction, so that the rock
splits very easily into plates with an apparent schistose structure,
Both pyrite and magnetite grains have been detected with the
unaided eye, but in most cases they are in very small amount.

The remaining exposures of amphibolite do not differ in any
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respect from the typical representative of the .coarse .gr.‘::;(lzzpz’f
already described. In both exposu-res therf: is clea} e ence o
marked crushing and shearing, particularly in the exp.osm ot
brook as shown on the map. Unfortunately these alleas al:; tha};
largely covered beneath gx‘z?vel and waste froml'th.e s loi)fs,o ot
it is impossible to determine the extent‘ and re atlo\1511 I o these
two small but important exposures. The details of. t 1ehco e
the amphibolite with the serpentine', as s.hown ;11 t Sesed cker
quarry to the north of the brook section, wxl'l be ‘ ISC:I e
It is s'ufﬁcient to state here that this contact 1s t?elleve.x’ to L:IL 9
sufficiently clear and unmistakable }‘)roof of the l.n'tl'l‘ISI\e orig

the rock from which the serpentine has been derived.

SERPENTINE.

The serpentine is

Macroscopic characters and mineralogy. . P
i X ‘e area.
remarkably uniform 1n texture throughout the entne'a e : -
i ark oily gr rar
r - -ained, grayish green to dark oily green in colo
rather fine grained, grayish g ) e
On freshly broken surfaces 1

splintery or hackly in fracture. o

al: - or m
not uncommon to discern a tendency to assume a lamellz‘nlc;
i r is invar ; 4SS0~
often a fibrous texture. The fibrous tendency is invariably 4s
i 581 ) upper
clated with zones of shearing and possible thrust. In the upp

i i it evi : a zone
part of the serpentine belt this texture is most evident along a zo

L Mini m-
passing through the open cuts of the New England Mining Co

pany. When examined under a hand glass'it will‘ be seen Eihilt
much of the fibrous content of the rock isin reality conhlnel‘ o
minute seams and shearing planes and stretched OL‘lt along the mte
of movement. It would thus seem that the fibrous content,

’ icr ic size
inasmuch as it fills cracks and seams, even of microscopic s »
The stretching of the so-called fiber

must be secondary in origin. of fibe
S e position of the mineral

is due to subsequent slipping after the de X !
withinl the or?ginal fricture. The same condm.ons obtaxfn tlzlt(:
various points. It is very well shown in the plosl;ectvs 1o the
United States Company (Blake property) .250 feet below the }n(rs
of the New England Company, as well as inmany of Fhelopenfl tﬁé
made by Tucker, Stone and Farington along the 10\?\'61 edge ;)inme
serpentine deposits. Occasionally on the fresh fractures n e
lamellar structure may be seen. Under the hand lens they appe
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to be small silvery to light-green scales, but too small for specific
determination, On the basis of structure it is reasonable to con-
clude that these minute individuals may be some form of (he
lamellar serpentine, to which the name Antigorite has been ap-
plied. Itisto be regretted that sufficient inaterial is not at hand
to determine this point.

In the Tucker prospects, however, considerable variation in
color and an appreciable range in texture is noticeable. The
color varies from light grayish green to oily dark green, and bril-
liant dark green when wet. Scattered through the mass are many
patches of magnetite, with which is associated a very small amount
of chromite. It is in the Tucker quarry that the best showing of
cross-fiber in this serpentine area can be seen. The dark bands
of serpentine are intimately associated with the fiber-bearing veins.
They form the adjacent walls, and vary in width with the siz=s of
the vein from one to several inches. When the veins form a
minute network the whole mass may assume the dark oil green
color and then form large bands and blotches 2 or 3 feet in
diameter. This peculiar association, so far as observed, is con-
fined to the prospects of the Tucker property.

Local talc lenses.—The main part of the serpentine deposit is
a fine grained light grayish green rock, sometimes exhibiting a
tendency to become talcose, and wherever this occurs it is accom-
panied with a slight schistose structure. In fact, on the line of the
cross-section, at a point about 150 feet helow the edge of the
plateau, a number of talc bearing lenses may be seen. They con-
tain moderately pure talc in the centers, but grade out into the
normal serpentine on either side with loss of the schistose struc-

ture. From an economic point of view, they are too small to in-
vite any investigation.

STRUCTURE OF THE REGION.

The structure of the region is indicated in the accompanying
cross-section.  Ampbhibolites form the upper 1,000 feet of Belvi-
dere, and include the steep slopes extending upward from the
crescent-shaped plateau, the latter being composed of serpentine.

———
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At the juncture of the two rock types is a band of g.ametiferou‘s
amphibolite. An important fault occurs on the west side of Belvi-
dere. This was first recognized by Professor J. F. Kemp. How
extensive the faulting may be was not determined. It is to be
said, however, that certain features in the topography of the west-
ern slopes suggest that series of faults may occur to the north and
may have been a determinative factor in the minuter topography
of this unique and picturesque ridge. On the eastern slopes no
Much local crushing and local shearing 1s
evident within the limits of the serpentine. Such shear zones are
intimately associated with the so-called asbestos.  On the. Tucker
property, at the foot of the plateau, are to be found certain struc-

faults were detected.

tural facts which at first suggested the occurrence of a zone of
At this point 2 contact between the ser-
pentine and amphibolite is unmistakably clear. This was at first
regarded, on the basis of a field observation, as a fault, the crushed
zone of serpentine forming a very favorable depository for the
cross-fiber. It will be shown, however, that the contact of the
serpentine with the amphibolite does not represent a fault plane,
but an igneous contact. The development of a crushed zone ad-
jacent to “the contact is necessarily a subsequent phenomenon.
The remaining instance of a possible contact relationship is to be
found a few hundred yards to the south of the preceding case. Its
location is shown on the accompanying map. Here crushed amphi-
bolite was found within a few feet of the serpentine. Whetbher,
as in the preceding case, an igneous contact or a simple fault zone
may exist here could not be determined with any degree of cer-
tair;ty, but it is believed the tormer is the case. Unfortunately
the greater part of the rim or foot of the plateau is buried beneath
a coat of waste and till, which renders further discovery of struc-
tural relationships well-nigh impossible.

crushing and shearing.

Protruding through the till may be seen excellent exposures of
the surrounding schists, which form the valley floors and subor-
dinate ridges in the immediate vicinity. It maintains a very steep
dip, with a strike varying from nearly true north to north 20 de-
grees east. A considerable variation in the lithologic character-

istics of the schists obtains. The variation may be marked in a
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comparatively short cross section. Bands of micaceous rocks,
which at times are apparently talcose to a slight degree, are fol-
lowed by sandy schists, including small lenses of quartz, with an
appreciable amount of pyrite. No limestones were found in the
vicinity of Belvidere. The positions of a few of the outcrops
noted are indicated on the map. The structural features, in con-
junction with the mineralogy of this formation, favor the view that
at Jeast a large part .of this terrane is sedimentary in origin.

DEVELOPMENT QF CANADIAN INDUSTRY '(THETFORD).

In this country and Canada chrysotile was not known to exist
in any quantity until the seventies. It was discovered in Canada
long before this date, forin 1862 specimens of Canadian chryso-
tile were exhibited at the Internatidhal Exhibition in London,
England. It was then regarded as a mineralogical freak rather
than a product of great economic importance. In a report of the
Canadian survey of 1847—1848 reference is made to its occur-
rence in serpentine rock in the region of Bolton. But, while the
extension of the belt of serpentine rocks in which this mineral is
known to occur had been traced with some care from the Vermont
boundary in the township of Potton to and beyond the Chaudiere
river, the deposits of asbestos observed were comparatively limited.
In the United States veins generally of short and harsh fiber were
found at several points, and a considerable quantity of a tremolitic
variety was mined, which, while ill adapted for the purpose to
which asbestos is now generally applied, was used for the manu-
facture of fireproof paints, cements, etcetera. The chief source
©of supply for fibrous asbestos was the mines of Ttaly, where de-
posits of irregular extent occur, the mineral often possessing a
long and silky fiber, which well adapted it to spinning, and from
this source the material for fireproof curtains and similar manu-
factures was obtained. In 1877—1878 asbestos was discovered
in the serpentine hills of Thetford and Coleraine. The size of
the veins, often several inches thick, led to the expectation that

«deposits of value might exist there, though their true importance
was not ascertained for several years. The credit of the discovery

-
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in this locality is claimed by Mr. Robert Ward, t.hou}%h :: t(l);i]e;(s]
it is stated that the first find was made b'y a Frenc vm | pamed
Fecteau. Following closely upon the discovery se\.era }1) ries
secured areas both at Thetford and Black La'ke, in Co‘ erai e.
ynshi the line of the Quebec Central railway, wh1.ch f(?1
tOVVnSh]}')l’esoll'luns .o between high ridges of serpentine, 1
Sv:')ll:i]:hr,ntlhe timber having been burned off, the veins w.ere‘(q)lbzenr\t'ici
at the surface by the weathering and felting of the miners
Sug‘?gilo:hit:eti?:;e(lfgl']{é) on the industry developed. with the
demand for the product. Early in thedni}?elt(;es ttglaet 1:551;?():??32
i r ) an olds
ot 1 prOdIice:ngg tthhee W[c;lnli(tj;d States produced but 2.4 per

present time. This condition should

cent of the value of the imported product. "
stimulate the most strenuous search for so valuable a pro .

KINDS—SLIP-FIBER AND CROSS-FIBER.

v S y 1€ 1at 5 S en-
Vhl]e it 18 uanel\aH tru tl Chl Sotlle 1 Collﬁlle(l to Selp n
H PP l l . 1 * H 4 .
tllle, it 1s by no means true t 1at a 1 ser pelltl!le C ePOS]tS contain 1t
< ﬂi 1 on [} vestl as
l&ltllol] ll e] ere area 1 1 (.11 cu lt et m gate
g the B \ld S |
Iegalds Stluctul(ll (letdlls, Sllﬂiclellt (Icltcl hd‘ € been Obta”le(l to

i ) nts are
demonstrate with reasonable certainty that the fiber conte

. R hich is
very largely restricted to certain belts, the localization of which i
v > =

dlle to stru |l(ll atures COIlfllle(J to the Sell entine le os1ts. III
tructu fe U 1 D \( p 1 (
]h ] t specially 4 the ew En n ]
e open cuts an rospects made e;p ¢ b> 4 g a
l) I) 1 ae,
1'&Sb€‘o tos I\Illllllg :.lll(l ;\Illl’llg COlllpd(l} dIl(l OtheIS near tlle \,ll) er

i ;W in sufhci uantit
contact with the amphibolite, the fiber, w hen in sufficient q y

it is largely ttered
to be easily detected, shows that it is largely confined to a sha

and sheared zone of rather limited extent. In the celltl'\a\lrhpallit\.zlf'
the zone are large masses with slickensid(?d surfac.es.- ‘ elmed
cross-sections of these could be found careful exam1112:]t10'1‘1t;1e:el‘i1tle
the fact that they in turn were also sheared, .and coul ‘\1\11 ! e
e separated into a series of smaller wedge

careful manipulation b e e e

shaped masses, each with smoothed surfaces. dhese
planes that the fiber has attained its maximum de\‘elopmerlx .

i / al pros-
occurs in two forms, and has been recognized by the local p
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pectors. In a large part of the zone of shearing the fiber has
stretched or pulled out along the slipping planes, and hence has
been called ¢ slip-fiber.” In certain parts of the area, however,
there has been a maximum development of fracture with minimum
shearing. In such fractures the fiber has assumed a transverse
position, and is locally known as ¢ cross-fiber.” The same
phenomena may be seen in thin sections prepared from smaller
blocks.

With regard, therefore, to the structural details bearing on the
areal distribution of the fiber the facts as they now appear force
the conclusion that the fiber will be limited to the zones of frac-
ture and shearing. How many of these exist within the serpentine
zone under consideration is a difficult matter to determine.
Enough data are available, however, to indicate that a zone frac-
ture with marked shearing crosses the property of the New
England company. It is probable, too, that a smaller one crosses
the property of the National company. A third belt of fracture
with minimum shearing occurs on the property of Judge Tucker.
This case is adjacent to the igneous contact to be discussed in
another section. The fiber is largely of the ¢ cross-fiber ” type.
It has the color and luster of true chrysotile.  Under the blow-
pipe it behaves in all respects like the fibrous form of chrysotile.
It yields considerable water and is nearly infusible. There is a
tendency on continuous application of the flame for very fine
films or strands of the fiber to become noticeably brittle. The
cross-fiber was, however, quite uniform in its behavior before the
blow-pipe.  Still one or two samples did not yield as much water
as should be expected in true chrysotile. How prevalent this may
be has not been determined.

The ‘¢ slip-fibre” differs from the ‘¢ cross-fiber ” in having a
duller and waxy luster, less flexibility, and a tendency to develop
a coarser but longer strand, sometimes reaching 3 inches in length,
while the latter rarely attains 1 inch in length.  Under blow-pipe
tests the slip-fiber yields much less water and fuses, with some
difficulty, to a white enamel. The color test for calcium was also
evident. These reactions strongly suggest that the slip-fiber is not
true chrysotile, but a fibrous form of amphibole. This variety,
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N -1 . -
however, is on the market as asbestos, but its market values are
. , stos
much less and its uses not so great in range. -

At the lower contact of the serpentine with the amphibo .1te Zn
the Tucker property is the best showing of cross-fiber seen in the

- o 3 as
entire belt. It is only just to say, however, that it does occur

well on the land of the New England company, l')ut in very smayll
While cross-fiber is the more prommenF of tl.le t\l\o
sorts, shearing, which seems to l?e a constant .assoclaterevsmthl;c 1ieS
slip-fiber, is by no means absent in the Tucker exl;])osuth r o
confined, however, to very narrow zones. On the o 1e ; 'ust,
the cross-fiber is very largely confined to the borders of t.le thr

zone, and, so far as could be seen from the new exposuulz\sT,o;}ch?é

amount.

i X - breadth or area than the zone of thrust.
Ee(ilig:’ijzle]al:'le small slip-blocks better de':veloped than at. the
Tucker contact. The surface has been poll'shed and sometu:es1
covered with a fibrous film of hornblende, which has been stretc e;cf
or pulled out in the direction of movement. In conlseqxi]zlzcero-
the shearing the trituration of the blocks upon each o.t' 1e11 he aith
duced alternate sharp angles around the greate‘st periphery, o
alternating obtuse edges roughly in a plane f{t r|gh‘t ar}gles ;(:w ;S
plane of the former and along its greatest diameter, mfasl m o
three obtuse angles may occur on each flat surfz?ce o tlle1 ’ -
In cross-section minute partings may be see.n lyn}g ro.ug1y1 palf
allel to the trend of the surfaces and filled with glistening ﬁ ms ?_
fiber—that is to say, the strain to which these masse.s welg s;llj-
jected was so great that they in turn wgl:e also f.retctl;‘llted‘an s
sequently knitted together by the deposition of silky fiber.

STRUCTURE OF CROSS-FIBER VEINS.

A cursory examination of any block containing t}‘plﬁc‘al-CI'(?SS-
fiber veins shows that they usually occur in groups of bltulcafmg‘
and rejoining members, usually associated with one or two larger
members not exceeding one inch in diameter. . . 1

In thin-section of even the microscopic veins, magnetite anc
probably a small amount of chromite are f.ound to be constarit
associates. Pyrite was also recognized, but in very sm.all amount,
In the hand si)ecimen it would appear that the magnetite was con-
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fined very largely to the central portion of the individual vein. In
thin-sections of the smaller veins this relationship is not so evident,
On the contrary, sections may he selected in which there seems to
be no localization of the metallic contents, which are scattered
throughout the entire width of the fiber band and extend well into
the body of the serpentine. This, however, is not the rule, but
rather the exception. From the material at hand I think we may
safely conclude that the ores have a decided tendency to accumu-
late with the central zone of the iractures, while the deposition of
the fiber favors'the walls.

DISCUSSION OF PROBABLE MODES OF GROWTH.

The method of growth of the fiber and its relation to the ores
is a vexed problem. Whether this deposition begins on the walls
and gradually pushes its growth towards the central space and
finally coalesces along a central line or whether the fiber develops
simultaneously along its entire length is not easily demonstrated.
If the latter were true and the deposition of the ores were co-
temporaneous with the growth of the fiber we should not expect
to find a tendency toward central localization of the metallic con-
tents, for the chances for uniform deposition at all points within
the crevice would be equally good. It is true that such conditions
can be found, but do not conform to the general plan observed.

On the basis of the first hypothesis, if we assume that the fiber
began its growth on the walls of the fracture and pushed its way
toward the center, then we should expect an increasing amount of
ore deposition in the central portion, with the infringement of the
fiber from the sides. As a matter of fact the ore does, in the
majority of cases seen, favor a central position, as if the circulating
waters which carried the ore were compelled to move in a central
zone. It follows, then, as a consequence of this sort of growth
that a coalition and knitting together of the opposing ends as they
came in touch should result. Moreover, it would seem that the
line of juncture should be detected in cross thin-sections, for it
would be most remarkable that the growth of opposite indi-
viduals or strands should have the same optical orientation and
unite in such a way where not interfered with by the deposition




Prare XIII.

FI6URE 1.—Sectiox (87) oF TypPICaL AMPHIBOLINE FROM THE LOWER CONTACT ON
THE TUCKER PROPERTY.

Section shows crushed epidote in a mass of partly altered hornblende,

—— | — —

FI1GURE 2—AMPHIBOLITE ( SECTION 45 ) CONTAINING LARGE AMOUNT OF GRANULATED

EPIDOTE EMBEDED IN CRUSHED HORNBLENDE.

PHOTOMICROGRAPHS OF AMPHIBOLITE.
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of iron ore, as to appear to be one and the same individual.
In the sections at hand I have not been able to detect this rela-
tionship, but it is believed that further study of the problem
may show that this interpretation is in the main the correct one.

It might be said that the deposition of the ores was subse-
quent to the growth of fiber and along secondary fractures within
the body of the latter. It is true that the fiber-bearing veins
have been sheared, for it is this process that has produced the
slip-fiber. This supposition may be true, but it still remains
that veins which do not show any evidence of shearing or frac-
ture also contain much magnetite in central partings or as rods
and bunches parallel to the strands; hence in such cases there
was no opportunity for the subsequent deposition of the ore.
While it must be admitted that sufficient material and data are
not at hand to solve the problem, it is believed that such facts
as we have favor the interpretation as expressed in the above
hypothesis.

AMPHIBOLITE.
MICRO-STRUCTURE AND MINERALOGY.

Plates XIII and XIV.

In the predominant type of amphibolite hornblende is far in
excess of all the other constituents combined. It makes up
from 79 to go per cent. of the entire mass. In thin-section the
hornblende appears as large individuals, roughly columnar in
outline and from 5 to 8 millimeters in length. They are some-
times intimately interlaced or grouped in bundles. Judging
from the cleavage surfaces as seen in the hand specimen, one is
surprised that the cleavage partings are not more prominent in
the thin-section. In sections normal to the vertical axis the
cleavage partings are well defined, but in the prismatic and
pinacoidal zones, while in instances easily recognized minute
hair-like lJines, often fading out and reappearing again, may
still be so fine that a higher power is necessary to make this
structure clear and evident. There is also a rude transverse
parting, which in the main should correspond in direction and
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position to the plane of the basal pinacoid (eo1). The pleo-
chroism is unusually strong, It ranges from a greenish yellow
parallel a to bright green on b and blue on x. This is a char-
acteristic feature of the hornblende in amphibolitic schists,

Not infrequently the hornblende shows evidence of decom-
position and passage into secondary products. In most cases
the decomposition praduct is ordinary chlorite, but transitions
into penninite are not uncommon. It can be recognized by its
deep purple interference color, which does not appear in any
other member of the chlorite group. In its passage to chlorite
the typical cleavage of the original is lost and a scaly or lamel-
lar structure occurs, Very minute inclusions may be also recog-
nized. They lie in two positions—either parallel'to the prismatic
cleavage or normal to it. Occasionally larger individuals may
be indiscriminately scattered through their host.

In addition to the hornblende there occurs a variable per-
centage of light colored to colorless silicates. A large
portion of these constituents is orthorhombic epidote or zoi-
site. g

The lack of extinction angle and prevalence of low interfer-
ence colors, not exceeding those of the first order, serve to
distinguish it from monoclinic epidote, which exhibits an
extinct angle and interference colors approaching the .third
order. In most sections the greater part of the colorless silicate
is zoisite. Two cleavages are prominent, one lying parallel to
the long axis (¢), the other a prominent transverse parting at
right angles to the former and sometimes fading out before
traversing the entire width of the individual. Inclusions are
present, but no systematic arrangement is prominent. They
are usually too small to make specific determination with any
degree of certainty. In a few cases, however, it is compara-
tively easy. The peculiar pink tint and rhombic outline of
faces as may be seen under a high power (240) show that some
of these inclusions, at least, are minute garnets. They are
confined to the central portion of the host. On account of the
predominance of the optical properties of the host the isotropic
character of the garnet is completely overshadowed. In addi-




PLATE XIV.

FicUre 1.—PHOTOMICROGRAPH OF SECTION 89

Showing the cross-fibre and bifurcation of the amphibolite veins, The relation of

the parts is such as to strongly suggest fracturing by shear-pressure.

FIGURE 2— SEcTION (4) 4 ) 0F TYPICAL COARSE AMPHIBOLITE
Showing the curved cleavage partings in a large hornblende.
PHOTOMICROGRAPHS OF AMPHIBOLITE.
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tion to them are many rod-like and acicular inclusions, the
identification of which, however, is not an easy matter.

The remaining light colored silicate is epidote. It may occur
as grains, produced in part by crushing, or in rudely columnar
masses with ragged ends and irregular sides, the individuals
sometimes attaining a length of 4 or 5 millimeters. The max-
imum extinction angle observed was 11 degrees.

Two cleavages are present, one parallel to the long axis and
poorly developed, the other a transverse parting clearly exhibited
on account of the rather strong refraction so characteristic of
this mineral.

Very little pleochroism is recognizable. In most cases it is
colorless, but occasionally a slight tinge of yellow is apparent.

Very minute inclusions are arranged parallel to the long axis,
but are quite too small for specific determination. Magnetite
is an omnipresent accessory, or probably a secondary product
resulting from the decomposition of some of the essential
components. There are also present small wedge-shaped or
irregular grains, which behave in all respects like titanite.

LOCAL VARIATIONS.

Garnet zone.—There are certain local variations in the min-
eralogy of the amphibolite which should be noted at this point.
The exact geographical distribution of this feature has not been
worked out in the fullest detail, but, so far as can be determined
from the field observations and collections at hand, the greatest
deviation from the normal type occurs along the line of contact
with the serpentine, best seen back of the plant of the New
England company and again along the fault on the west side of
the mountain, the position of which is indicated on the geologi-
cal as well as the traverse map. The former is a zone of
variable width, lying at the base of the amphibolite cliffs and
characterized by the development of a very large amount of
garnet, easily detected by the unaided eye, and in patches so
abundant as to give the rock a reddish hue. In thin sections
various stages of alteration to chlorite are evident. The well
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developed crystalline outline so characteristic of fresh and
unaltered garnet is largely destroyed. Such fresh grains of the
individual as may remain are usually surrounded by rims of
green to yellowish-green chlorite. With it are associated small
amounts of secondary quartz and feldspar, which permeate the
cracks of the original garnet and also form rims at the periphery
of the individual. Indeed, the alteration may be so complete
that no trace of the original garnet is evident, and there remains
only the general outline. In such cases the central portions are
chiefly composed of chlorite, while the outer portions are oc-
cupied by the quartz and feldspar. In nearly all cases the
chlorite belongs to the variety penninite. It should be added
that garnet is not confined to the zone indicated on the map.
Several sections from points well up the western slope, as well
as near the top on the eastern side, show garnet changed to
penninite. The amount is very small and probably local in
development.

Development of anthopliyllite.—Along the fault line already
referred to there are some modifications of the normal amphib-
olite worthy] of detailed study. While the fault is sharply
defined—about midway of the line as indicated on the map—It
can nevertheless be traced a short distance above and below by
a breccia zone. The amphibolite along this zone has taken on
a schistose and somewhat fibrous texture. The original horn-
blende has been crushed and granulated to such an extent that
the primary structure has been largely obliterated and the mass
now in part altered to chlorite. Embedded in the chlorite mass
are numerous fibrous individuals, with ragged terminations and
fairly well defined prismatic boundaries. No pleochroism is
evident. A transverse and longitudinal cleavage is easily de-
tected. The former is the more prominent of the two. The
relief is quite strong, and hence the interference colors*are cor-
respondingly high. The lack of extinction angle, the high in-
terference, and absence of pleochroism places the mineral with
the orthorhombic amphiboles. It is regarded as anthophyllite.
The section (45) containing the mineral was found in line with
the extension of the fault. Its position is shown on the traverse

-\
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map. Embedded in the rock are also many grains of garnet,
now altered to penninite. It is not improbable that the garnet-
iferous zone may extend to and beyond this point, and that the
anthophyllite is consequent upon the shearing, and hence entire-
ly local in distribution.

The remaining amphibolite localities occur at the Tucker
quarry and again on the little brook a few hundred yards to the
south. In both cases the rock belongs to the normal type. In
the latter, however, there is abundant evidence of crushing, thus
suggesting that a sheared zone or line of faulting might be near
at hand. No clean contact could be found. Typical serpentine
accurs within a few feet of the amphibolite exposure, but owing
to the density of the forest and the heavy covering of loose
materials the interval between these two points could not be
seen.

SERPENTINE.
Plates XV, and XVI.

CRITERIA FOR DETERMINING ORIGIN.

In the previous investigations of serpentine and its probable
origin it has been found that by far the greater number of cases
on record are regarded as having been derived from some form
of basic eruptive. The interpretation rests on the possible pre-
servation and recognition of remnants of mineral constituents
belonging to the original mass, or in cases of complete altera-
tion, at least, the retention of some of the characteristic and
determinative structures belonging to the essential minerals of
the original rock.

MICRO-STRUCTURE OF BELVIDERE SERPENTINE.

Zypes.—On the above basis the following types of structure
have been established as proof of the kind of rock from which
the serpentine was derived.

(1) Mesk structure, in serpentine derived from olivine.
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(2) Bastite structure, in serpentine derived from enstatite or
bronzite.

(3) Lattice structure, in serpentine derived from non-alumi-
nous hornblende.

(4) Knitted structure, in serpentine derived from non-alumi-
nous augite.

In the Belvidere serpentine, however, serpentization is so far
advanced that the recognition of original structures belonging
to minerals of the original rock is rendered well-nigh impossible
in the majority of cases. There are, however, a few sections
which shed some light on this most interesting question.

In sections of the normal and fine grained serpentine two
distinct types of micro-structure can be seen—one, a very com-
plete fibration of the rock, the other assuming a noticeable
lamellar phase or possibly scaly habit. If structure alone is
the only essential element necessary upon which to recognize
and classify serpentines, the latter should be regarded as lamel-
lar or antigorite serpentine.

Fibrous serpentine—In the fibrous group at least two distinct
arrangements of the fibres may be seen, with all gradations
between; in one the fibres are arranged in parallel series and in
bundles; in the other they show a marked tendency to diverge
at the ends or to radiate from centers, and sometimes even to
interlace. More than one phase may appear in a single section.
According to the interpretations of A. Lacroix and others, the
variations in structure may be and are used as a legitimate basis
for the establishment of distinct mineral varieties. If these
varietal forms, however, are crystallographically and chemically
one and the same thing, it would seem to be undesirable to give
specific names because of variation in form alone.

The greater part of the Belvidere area shows a markedly
fibrous structure. No particular arrangement is characteristic
of any limited part of the area. Coarse and fine textures may
be found in the same prospect. The parallel and radiate ar-
rangement may be found in the same section. According to
Rosenbusch, the parallel arrangement is regarded as the chrys-

Prare XVL

Photomicrograpl

Showing the divergent arrangement

1 of Serpentine (Section 42) o
of fibrous structure of the serpentine.
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otile variety, while the radiate is characteristic of picrolite and
the divergent phase of the metaxite variety. The parallel and
divergent structure is fairly well shown in sections numbers 7
and 57, from pit number 2, United States company. Section
42 shows a very good case of the divergent and interlaced ar-
rangement, while the lamellar or antigorite variety is well
illustrated in sections 43 and 358.

Lamellar and bastite serpentine.—While most of the sections
from the serpentine area show the characteristic fibrous aggre-
gates common to thoroughly serpentinized rock, there are in
certain sections some additional features, which are believed to
throw some light on the probable origin of the original mass.
Some of these features are shown in sections 51 and 69. It
is not uncommon to find a series of parallel lamine making up
an individual crystal. In some cases grains or stringers of
magnetite may be distributed along the partings. In all cases
parallel and perpendicular extinction is obtained. These indi-
viduals appear like secondary masses derived from an orthor-
hombic pyroxene, probably some such mineral as enstatite. In
other words, the secondary mass is bastite, a pseudomorphous
product which is so common in members of the gabbro family.
It would thus seem probable that the original rock from which
the serpentine was derived was a massive igneous rock in which
an orthorhombic pyroxene formed an essential member.

DISCUSSION AS TO ORIGIN.
CONTACT PHENOMENA,

The locality yielding the most important facts bearing upon
the probable origin of the rock from which the serpentine was
derived is the contact on the Tucker property. The contact is
clear and well defined. Near the line of junction the serpentine
is almost isotropic. When examined, however, in parallel
polarized light and under a sensitive tint there appear minute
fibrous and block-like individuals, which suggest an actual
crystalline structure. At the immediate contact the serpentine
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assumes, under cross-nicols, a deep ultra-blue color. This area
includes a part of the absorbed edge of the amphibolite, for the
individual components of the amphibolite may be traced by
gradations into the blue areas, where they finally lose their
optical characteristics.. In other .words, these facts show that
the amphibolite has. been absorbed by an intruded igneous rock.
The somewhat slaty and baked character of the amphibolite on
the immediate contact bears out this conclusion. In sections
of the serpentine at a short distance from the contact the fibrous
aggregate structure appears again as in the normal type from
other parts of the area. ‘

It should be stated here that the above contact was at first
regarded as a simple fault.* That crushing of the serpentine,
as well as the amphibolite, has taken place is admitted; but if
the contact is of the nature of a fault alone, brecciation should
form a prominent factor in the thin-section. This does not ap-
pear, but the phenomena of absorption and infusion of the
amphibolite are the prominent features. The fracturing of the
serpentine and the adjacent hornblendic rock is to be attributed

to a subsequent movement, with which was associated the depo-
sition of the asbestos.

APPLICATION OF EMERSON’S VIEWS.

An alternative is to be considered in discussing the probable
origin of the serpentine. It has been shown by Professor
Emerson that orthorhombic pyroxenes develop in limestones by
processes of metamorphism and also along contacts of igneous
or intrusive masses with lime-magnesia rocks. The question
therefore arises with regard to the Belvidere serpentine. Might

not the bastite (enstatite) in this case represent a transition

stage in a rock, originally sedimentary, high in lime and mag-
nesia and containing a variable percentage of iron? ' It has

*The crushed and broken character of the serpentine observed in the region of the
contact on the Tucker property was regarded as sufficient evidence of a true fault,
and was so stated in my Preliminary Report in the Vermont Geological Survey,
1903-1904, page 96. Further detailed study of thin-sections makes it reasonably certain
that the crushing of the rock was a subsequent phenome'non. which provided favor-
able conditions for the depositions of the “cross-fibre.” .
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ANALYSIS OF TYPE ROCKS AND FIBER.

An inspection of the following analyses and comparison with
those of chrysolite from the Canadian area bring out some sig-

nificant facts.

Number Sio, ALO, Fe,O, FeO MgO H,O Cao Total

45... 41.84 .... - 2.23 41.99 14.28 .... 100.34
48... 40.57 0.90 -+ 2.81 41.50 13.55 .... 99.33
49.-. 40.52 2.10 .... 1.97 52.05 13.46 .... 100.50

<o+ 39.97 7.27 .... .... 40.78 12.51 0.50 101.03
2... 44.10 .... .... .... 43.00 12.90 .... 100.00

Numbers 45, 48, and 49 are analyses of chrysolite from Ship-
ton, Quebec, Broughton, and Templeton, and are selected from
a series in Dana’s Systematic Mineralogy, page 673.

Number 1. Belvidere chrysolite (cross-fiber) from the Tucker

prospect; analysis by Mr. C. H. Jones, Burlington, Vermont.

Both the oxides of iron and the aluminum are included under
the 7.27 per cent.

Number 2. Theoretical composition of chrysolite, as given
in Dana’s Systematic Mineralogy, page 673.

In the Belvidere fiber number 1 it will be noted that the silica
runs somewhat lower than is indicated in the Canadian cases
and considerably lower than the theoretical limit, while the total
alumina and iron is, on the other hand, much higher than in
numbers 45, 48, and 49. The iron is probably somewhat high,
for the reason that the fiber contains microscopic grains ot mag-
netite tucked away between the films to such an extent that its
removal by the use of a magnet may not have been complete.

The mechanical inclusion of the ore would necessarily lessen
or lower the percentage of the other constituents.

The analyses of the serpentine, in which the asbestos is in-
cluded, require brief consideration. To this series is also added
the theoretical composition of serpentine as given by Professor
Kemp in his ¢ Handbook of Rocks,”’ and two analyses of the
amphibolite which forms the crest of Belvidere mountain.
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Number SiO, ALO, Fe, O, FeO MgO CaO H,O Total

4 veee 42,97 e 12.89 100.00
(1).” ;ti.zdlr 5.73 .... 40.98 0.82 12.68 100.42
25 40.82 7.63 c... 33,40 1.37 12.4I 100.63
5... 42.93 32.77 .... 5.96 14.29 1.76 97.71

23... 44.36 28.85 8.84 11.70 i.71 95.36 |
Number 1. Theoretical composition of serpentine, Kemp’s
ook of Rocks, page 140.

H:]j:aber 9o, Analysis of serpentine from foot of the serpen-
i e, Belvidere mountain.
tm;z:")lge; 35. Analysis of Serpentin'e from the upper slope
and taken from the property of the United States cornpany.f

Number 5. Analysis of amphibolite from the base of the for
mation CO, . A '

Number 23. Analysis of amphibolite from the tgp 1of 1221;;-
dere present but not determined. It accounts_ _fo.rt e low .

An investigation of the analyses of the s-e.rpentmfa, thn 1(;01;;
sidered in the light of theoretical composu{on, brmg;g gen
some variations needing a word of explanation. .It will be send
that the silica runs noticeably below the theoretlcz.ll llmcllt, a >
in fact below that usually found in .many serpentmetsd ;e;‘:vby
from pyroxene or olivine rocks. :I‘hls can be accounte for by
the fact that the rock almost invariably shows a large am ot of
iron ore, and probably by far the greater part. of the‘ctlota Te;;is
mate of the alumina and iron is composed of iron oxide. ; o,f
as in the case of the fiber, would lessen the relative amoun

ilica i sis.
Sﬂ'll‘fﬁeu;rt:;izzlé a small amount of alumina is to be .accou:;i(:
for as well. Itis already a recognized fact that alumina ca
be considered as an introduced product, but, to the coPt}:ai}}lré
must have formed a part of the original rock from V\;hlc the
serpentine was derived. Now, the facts gatherefi ‘ romn he
thin-sections suggest as the original a rock containing a o
thorhombic pyroxene. The very large amount of m;)..grrl; p
precludes a derivation of the pyroxene by me‘ta'morp 1st e
limestones or highly calcareous deposits. If this interpreta
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be correct, we are forced to conclude that the original from
which the serpentine was derived must have been some member
of the gabbro family. The alumina, therefore, could be derived
from the presence of an aluminous pyroxene, or more probably
from the feldspar. The calcium could likewise be derived from
the same sources. The thin sections suggest that a very large
part of the calcium is now present as carbonate.

It is not,
however, universally present in all sections.

CONCLUSIONS.

It is believed that the petrographical facts, as obtained from
the thin-sections of the serpentine-amphibolite contact on the
Tucker property, are sufficiently evident to render the applica-
tion of Professor Emerson’s explanation of similar deposits
impossible. = It must be admitted thata number of the thin-
sections from the serpentine area show an appreciable amount
of calcite. But an excess of calcium carbonate is by no means
a proof of a derivation from a limestone. It is quite as easily

accounted for as a secondary product from pyroxenic contents
of an eruptive or igneous mass.

It is also significant in this connection to note that petro-
graphic and chemical investigations of serpentine deposits,
both in the United States and other countries, have almost
invariably proven that such rocks are derived from some mem-
ber of the basic igneous series. The accompanying tabulation
of explicit statements, culled from the literature, contains but
two cases of a derivation from a pyroxenic limestone out of a
total number of twenty-six occurrences. While this statement
contains nothing of the nature of proof with reference to the
area under consideration, it nevertheless reveals the significant
fact that the conclusions reached with reference to the Belvidere
serpentine are quite in accordance with the predominant views
held by the vast majority of petrographers.

Concerning the origin of the amphibolites, I can also say that
so far as lithological relationships in the field and petrographb-
ical characters are known no data have been found which even
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re of the original rock from
It is not, however, asso-

offers a suggestion as to the natu

i ibolite was derived.

hich the amphibolite was ]
Zated with any argillaceous limestone, such as has b'een reco%

nized by Professor Emerson, in the Old Hampshire county

occurrences.

Analysis derived from.

Locality.

i i i Peridotite.
Colfax folio, Cahfqrma e : ; '
Downieville folio, California.Peridotite, pyroxenite. e
Jackson folio, California..... Peridotite, gabbro, pyroxe .

i igi inable.
Mother Lode folio, California.Intrusive, original, 'not determina
Placerville folio, California..Peridotite, pyroxenite.

Sonora folio C n Ceeree Basic gat)b[o or ultra basi ocks o h
1doti £ il
3 alifornia CT f the

Moriah, New York..........» Pyroxene.
Aqueduct, New York........ N
Montville, New Jersey....... Saxonite. .
Grenville, California......... P)’rf)xetr.xte rock.
jablo, California....Peridotite.
}lgl(::lr(;tfi)rl; C?mnecticut ...... Sahlite in limestone (Monograph 29, U.
' S. G. S.)
N 9
Granville, Connecticut...... Enstatite in limestone (Monograph 29,
’

U. S. G. S.).
Kamloops, British Columbia.Basic volcanics.

i Michigan........ »
g:speebmu;;g’folig‘ g .......... Saxonite and olivine gabbro.
......... Dunite.
ii?)s’ziep:zll;é ....... Associated with limestones.

............ eston
4 i Colorado...Pyroxene and amp
Roduito Range Olivine and diallage rock.
Southwest Minnesota........ Saxonite.

Roxbury, Vermont.......... o '
Manhattan Island, New YorkActinolite, tremolite.

Rainy Liake region.......... Olivine eruptives.
Nevada City and Grass Val-

ley, California............. ‘ .
Si:r):'a Nelvada .............. Gabbro (dike) peridotite.

Coast range, California...... Peridotite (see 177a).

Marquette region............ ) o
Elk}?orn district, Montana...Alteration p.rolduct from diorite.
Baltimore, Maryland........ Enstatite olivine rocks.

’
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SCHIST.

The Pike Manufacturing Company have quarries in this State
from which they obtain a schist. Scythe and whet stones are
made from this. The Vermont industry is only a branch of the
large business done by this firm, the offices being at Pike, N. H,

MINING.

As has been repeatedly noticed in former reports, mining is
not a very important part of the mineral industry of this State.

At present, the only mineral deposit which is vigorously
worked is one of Chalcopyrite in East Corinth, at Pike Hill.

After some years of idleness, this deposit was reopened some
months ago and now about seventy-five tons of ore are daily
mined and carted to Bradford whence it is shipped to smelters.
The Superintendent informs me that a new mill has been erected
and probably ore will be reduced on the spot before these pages
are in print. The Elizabeth mine at South Strafford is also being
worked to some extent. The old Ely-Goddard mine, which for
yeats was a famous copper producer, has not produced anything
for some years and is now unworked.

For a somewhat detailed account of the mineral deposits at
Bridgewater and of gold mining there the reader is referred to
the last Report, page 54 et al.

At my request Dr. C. H. Richardson of Syracuse University
has been acting as field assistant for the past four years. His
article on the Zerranes of Orange County was included in the
Third Report. The article in this volume carries on the same
study and over a larger area. It is expected that Dr. Richard-
son will continue this investigation of the geology of North-
eastern Vermont and present the results of his work in future
reports.
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The Areal and Economic Geology of Northeastern
Vermont.

C. H. RicHarDsON, Syracuse University.

INTRODUCTION.

The present report upon the Areal and Economic Geology of
Northeastern Vermont must be considered as a report of pro-
gress. When invited to study the North Country in 1904 it
seemed possible to present in this Fifth Report of the State
Geologist a detailed resume of all work done and required in
the section assigned.

Time forbids accurate mapping and the plotting of the struc-

These can be accomplished only in a general-

tural relations.
The report

ized way without continued research in the field.
therefore might be fittingly styled A Reconnaissance in North-
eastern Vermont. The area chosen comprises Caledonia, Essex
and Orleans counties with fifty-two townships, forty-one of
which have been traversed. It includes also a small portion of

Washington County.

Many photographs have been taken, a part of which ap-
pear as half tones in this article while the remainder are
in the possession of the State Geologist. Two hundred and
twenty-two carefully selected typical rock specimens of un-
ifO‘rm size, have been placed in the State Museum at Mont-
pelier where both names and localities can be easily ascertained.
Out of many of these, microscopical slides will be prepared for
petrographical study, the results of which may be embodied in
the next biennial report.

The only map (Plate XXIII), accompanying this report isa
stratigraphical map representing a protracted section extending
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from the Connecticut River on the east through the pre-Cam-
brian and Ordovician terranes to the pre-Cambrian schists on
the west. Its original trend is to the northwest nearly at right
angles with the average strike of these northeastern formations,
N.40° East.

A marked unconformity of bedding and cleavage planes is oc-

casionally found, as on the south side of Kirby Mountain,

therefore the cleavage lines in the section may or may

not conform with the planes of bedding. The bibliography, a
large part of which appeared in the Third Annual Report of the
State Geologist, 19o1-1902, is here repeated, because it con-
tains many new references to articles upon the geology of this
or kindred areas.

I wish also to recognize my indebtedness to Prof. C. H.
Hitchcock of Dartmouth College for suggestions offered and
instruments loaned in the summer of 1904 and 1905; to Dr.

George P. Merrill, Curator of the National Museum, Wash- ‘

ington, D. C., for assistance in the identification of a part of
the irruptives; to Dr. George Otis Smith, United States Geo-
logical Survey, Washington, D. C., for timely suggestions;
and to the Geological Faculty of Johns Hopkins University for
their kindly assistance in many ways.
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1373.  Proceedings of the Boston Society of Natural History,
P- 4. Calciferous Mica Schist.—C. H. Hitchcock. Relations
of Geology and Agriculture. Report of the Board of Agriculture
of New Hampshire. Calciferous Mica Schist.—C. H. Hitchcock.

1874.  American Journal of Science. Calciferous  Mica
Schist,—C. H. Hitchcock. Twenty-seventh Annual Report on
New York State Museum of Natural History, by Regents of the
University., Distribution of Niagara Group. Niagara.— James
Hall,
» 1877.  Topography and Geology of New Hampshire, State
Atlas of Comstock and Kline. Calciferous Mica Schist.—C. H.
Hitchcock. Geology of New Hampshire, Vol. 11, pP. 395.
Calciferous Mica Schist.—C. H. Hitchcock. ‘

1878, Geological Survey of Canada, part A. Silurian,—A.
R. C. Selwyn,
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8 Geology of New England. McFarland’s’ Améanc;\{n
Gelol?)z.ical Railway Guide. Calciferous Mica Schist.—C. .

Hitchcock. * L
1880. Geological Survey of Canada. Silurian.

SEIVSVSym Geological Map of the United States. Calciferous
1S81.

Mica Schist. (Lower Silurian).—C. H. Hltcgcosc;{. wt A 4o,
1883, Geological Survey of Cana(‘ia, 185:- 1;- C, pselwyn'
Slates Silurian. Mica Schists Huronian,— - R N.O - Tited
1884. A Dictionary of Altitudes. Bulleun1 . al,SectionS
States Geological Survey.—Henry Ganneftt. Geohogw.n cotion
across Vermont and New Hampshire, with map show1 g' e
the sections. Bulletin of the American Mu.seum of Na(t}uljlo o
tory. Calciferous Mica Schist.—C. H. Hlt'chco.ck.wewe Hagmp-
Sections across Vermont and NQVY Ham}.JslnreCmH; o
shire Agriculture.—Calciferous Mica Schist. . .t \ .
1886. Geological .Survey of Canafla, Vol. II, }éa:Olog,icgl. oo
Niagara (Upper Silurian),—A. R.‘(,.‘Selwyli. w e
vey of Canada, Vol. II, part J- Sllurxan.——K . L.Ower renton.
1887.  Geological Sur\;ey Ef Canatcllla, 47 K.
- Siluri —Charles Lapworth. '
(L;)SZ? SﬂRue:?;e)d E(flilion of l\Fl)cFarlaan’sH ;.%n;ericc:;n G;:)xllzfilcc:;
ide. iferous Mica Schist.—C. H. Hitchcock.
g};:f:;l o(E:aSlz;ence, Vol, XXXIX, 3rd Series, xS?c(; .pp. inC-:nbs:
Review of Dr. Ells Second Report on the Quebec Group. .
Walcott. ‘ .
1891. A Dictionary of Altitudes. Bulletin No1 t;706r,1 Plir;tfi
States Geological Survey.—Henry (.}annett. Cort 1;:11 o Papers.
Bulletin 81, United States Geological Survey.1 ) e
Group of Rocks in North America. C. D VXa co ir.l Maceachu.
1892. Geology of the Green Mou.ntaln gaa in Massache-
setts. Hawley Sheet. Privat)ely printed. 0s
ists. (Upper Silurian). . )
WaIyS§5C.hISPalec§zo[i)cpTerranes in the Connecticut ';/'aflleéféc)lfga;
ciferous Mica Schist.—C. H. Hitchcock. Manua 0 o ica,l
Fourth Edition. Niagara.—James D. Dana.. A ‘Mmeré (;glo :
Lexicon. Published as a bulletin of the United States (eolog

A. R. C.
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ical Survey, No. 126. Goshen and Conway Schists.—B. K.
Emerson. Geological Suryey of Canada. Map. Montreal
Sheet. Trenton and Black River (Lower Siluriam).—George
M. Dawson. Pre-Cambrian Rocks in the Green Mountains.
Sixteenth Annual Report, United States Geological Survey.,—
C. R. Van Hise.

18g6. Annual Report of the Geological Survey of Canada,
Vol. VII, Lower Trenton (Lower Silurian). Catalog 1896.—
George M. Dawson.

1897. Geological Survey of Canada, New Series, Vol. X,
part |, p. 20.—RK. Chalmers.

1898, The Calciferous Mica Schist and its associated Ter-
ranes. A thesis of 177 pages, 44 photographs, 6 drawings and
3 maps, in the library of Dartmouth College. ILower Trenton.
—C. H. Richardson. The Washington Limestone in Vermont.
Proceedings of the American Association for the Advancement
of Science, Boston Meeting, XLVII, Lower Trenton.—C. H.
Richardson. Report on the Marble, Slate and Granite Indus-
tries of Vermont.—G. H. Perkins. Analysis of Washington
Marble with notes upon Distribution and Age in the last men-
tioned Report. Lower Trenton.—C. H. Richardson. Geol-
ogical Atlas of the United States, Holyoke Folio, No. 50. Si-
lurian.—B. K. Emerson.

1899. A Dictionary of Altitudes. Bulletin No. 160, United
States Geological Survey.—Henry Gannett.

1900. Report of the State Geologist on the Mineral Re-
sources of Vermont.—G. H. Perkins,

1goz. Third Report of the State Geologist on the Mineral
Industries and Geology of Certain Areas of Vermont.—G. H.
Perkins. The Terranes of Orange County, Vermont, included
in the above Report. Also published as'a separate pamphlet.
Lower Trenton.—C. H. Richardson.

1903. Geology of Ascutney Mountain. Bulletin No. zo0g,
United States Geological Survey. Lower Trenton.—R. A.
Daly.

1go4. Fourth Report of the State Geologist on the Mineral
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Industries and Geology of Certain Areas of Vermont.—G. H.
Perkins.

1905. The Geology-of Littleton, New Hampshire.—C. H.
Hitchcock, - Greatogy o~

1906, A Dictionary of Altitudes, Bulletin No. 274, United
States Geological Survey.—Henry Gannett.

RAILROADS.

Six railroads pass through the narrow valleys of Northeastern
Vermont. The Montpelier and Wells River Road operating
between the two points named follows the transverse valley 6f
the Wells River, passes between the Blue Mountain granite i
Ryegate and the Groton granite, thence through a most excel
lent timber land over a large area of granite in Marshfield in
Washington County to Montpelier. It is also a natural outlet
for the Barre granite.

The St. Johnsbury and Lake Champlain Road, extending
from Lunenburg on the east to Maquam on the west, is the
- great outlet for the Woodbury and Hardwick granite of Wash-
ington County, and the Kirby granite of Caledonia County, also
the lumber in an extensive area on Kirby, Waterford and Miles
Mountains.

The Boston and Maine Road, Passumpsic Division, winding
its way up the Connecticut and Passumpsic River Valleys from
White River Junction to Newport, its northern terminus within
the State, not only affords connection with Montreal and Sher-
brooke, its northern terminus in Canada, but it is also the out-
let of the Barton, Salem, and Newport granite.

The Grand Trunk Road entering the State from the east at
Brunswick passes through a densely wooded section over a
granitic area through Brighton, Morgan, and Norton into
Canada.

- The Maine Central Road only skirts the northeastern corner
of the State in Lemington and Canaan, and does not, like the
Preceding roads, pass through a densely wooded section or over
2 granitic area.
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In addition to these five roads the Hardwick and Woodbury
Road should be mentioned. This is a branch owned and oper-
ated by the Woodbury Granite Company for the hauling of its
large output of granite from the quarries on Woodbury Moun-
tain to the village of Hardwick where it is manufactured. The
granite industry is the basis of the economic life of several
towns. This is especially true of Hardwick and South Ryegate.
Without it hundreds of people now earning their daily bread in
the quarries or stone sheds would be engaged in other industry,
the railroads would lose a large portion of their valuable freight
profits, and the State a large part of its productive resources.

DRAINAGE.

The drainage of Northeastern Vermont is toward the four car-
dinal points of the compass. The height of land lies from
twenty to twenty-five miles south of the International boundary.
The general line of high altitude passes through Newark, Sutton,
and Craftsbury. To the north the drainage is through the Black,
Barton, and Clyde Rivers. Each at Newport flows into Lake
Memphremagog, ultimately by the St. Lawrence River reaching
the ocean,

The eastern area in Essex County is drained by a large number
of rapid streams flowing in a southeasterly direction into the
Connecticut. Of these the Nulhegan is the best representative,
Plate XVIII represents Barnet Falls at Barnet, Vermont.

The Passumpsic River on the south receives from the east
Moose River and from the west Sleeper River then flows almost
due south through a deep valley of incision bearing the same name
into the Connecticut, thence into the Atlantic by Long Island
Sound. Plate XIX represents Passumpsic Falls showing dip
of schists to theeast. Plate XX represents the Passumpsic Val-
ley looking south below St. Johnsbury. Plate XXII represents
Sleeper River Falls in Washington limestone, St. Johnsbury.

The western area furnishes the head waters of the Lamoille
River which flows northwesterly through a deep valley cut
through the pre-Cambrian schists and Green Mountain gneiss,
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across the axis of the Green Mountains into Lake Champlain;
thence through Richelieu River into the St. Lawrence.

TOPOGRAPHY.

The area traversed lies between parallels 44° 15'and 45°
north latitude, and longitude 71° 30'and 72° 30! west from
Greenwich. It comprises an area of nearly 3,000 square miles.
Its valleys are both longitudinal and transverse — true valleys
of incision. A beautiful illustration of such longitudinal valleys
can be found in Woodbury ekxtending along the Gulf Road south
from Hardwick, directly west of Woodbury Mountain ; the other
to the north of Hardwick along the line of the erosional uncon-
formity between the Lower Trenton limestone and the pre-Cam-
brian schists. The Lamoille River flows to the northwest from
Hardwick through a transverse valley cutting across the axis of
the Green Mountains. Burke Mountain and Wheelock Moun-
tain in the north may mark somewhat the altitude of an old
peneplane and are therefore measuring rods of erosion not unlike
Mt. Ascutney in Windsor and Mt. Monadnock in southwestern
New Hampshire. Most certainly there is a suggestive similarity
in the altitude of these four mountains as found in the table of
altitudes in a subsequent portion of this report. Prof. W. M.
Davis of Harvard makes the Schooly peneplane the highest in
New England representing an altitude of 1,800 feet which isap-
proximately the altitude of the crest of the great anticline that
traverses the center of the Waits River limestone. :
The limestone being less resistant to the atmospheric agencies
than the staurolites of Wheelock, Stannard, and Cabnt, affords
the deepest valleys. One limestone valley lies to the east of
the Green Mountain axis and parallel with it, while another lies
to the west of the pre-Cambrian terranes on the east. Its gen-
€ral topography might be suggested by a series of anticlines
and synclines with a northeast trend in which the valleys are the
Synclinal troughs and the hills the anticlinal arches. The strati-
graphical section, Plate XVII, gives abundant evidence of this
undulation.

assumpsic Valley looking south below St Jobhusbury, Vi,

P
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ALTITUDES.

An interesting and instructive series of altitudes has been
observed not only along the lines of the railroads but upon

mountain crests.

topography as affecting passenger and freight traffic.

Those along the railroads show variations in

The fol-
lowing list has been arranged for the Montpelier & Wells River,

and the St. Johnsbury & Lake Champlain Railroads from east to

west; DBoston & Maine, and Maine Central Railroads from the
southern point within the area to the northern terminus within

the State.

MONTPELIER AND WELLS RIVER RAILROAD.

............................................. 435

B e o g e P B e e 624
s Y R S MG e S AT s (L S B it A 724
G LOROTI A 2 a3 005 5 eSS L 81 B S B S a3 R i 58 v 5 S L AN e
BEOEON TR0y ivs s e e e Tr G A Gt A s e e N Ta 3 1094
Marsbield o r i e R e e ra kR S R e T 1140
Blainfield, . 1. odovdsntwes B S ro T 0 0wl Mne s jol RO ST 752
Montpelier

ST. JOHNSBURY AND LAKE CHAMPLAIN RAILROAD.

ARSI BTt o 00 L i e R O B T, SO v, vt J ol 844
ERSEOOHEDTA < <o 51 5o Sen 53 oamim 5 m 5 s (o e s et v
Miles Pond..... N L R T s i e R 1016
INGEH RN OO L o 3w ey i s e s abrals A Tl o e e L,
st Concotd .o rim o w R s o ERE T e o 876
HRaE Bt JONNEDULY 3 5 s s ahamkie frtie e, vo b s 4 @ o nlos s 786
Lt PO DTN Lo O B el g iy SO 557
10,7575 Yoo A S e e (T s o KT P T e St 1341
West Danville........... a3 TR R 3 R e o e W 1496
B T e et o e KOG e, 1656
1% o AP C S S T A e R R AT T AR B A e 1411
e T T Ve Ju T e e A T e e e S 1146
L L L T ol fr e o D T R g 1031
BE U P S S vl SR e ool e e o S 0l o | ol S -1 |
T o B Ay B o, = Tl Ceoneeinns v . 690

e _1pidml‘lss¥hi

adpo 211 4340 suiangy sptd
Al pe

‘sySIT[aS PApIo) Apaso[o Jo s

HA “aulefl

TN X HLVIA



' THE VERMONT STATE GEOLOGIST. 73

BOSTON & MAINE RAILROAD, PASSUMPSIC DIVISION NORTH FROM
1 WELLS RIVER.

T L R e L eNUe e e 435
Ryegate......: A P I APl P A o AT Pt v S P s 464
Meltidoss Falla: . o oot s vsaes Vi Srnusiat &+ spass G441
T by e o Tty ity S steys o b s e e rect s . 452
Bte TohDABREY +.voyovnonns <3l SR Pide S S P 557
3 e e € L e e B S e e o e s 727
B B e L S e Sl eimpard firayetac s o kv MBSl i IS

Derby Ldne . ovo- e iaan s ST T o e el ey O
MAINE CENTRAL RAILROAD.

Guildhall capoaaeise stvan i N S e e e i.. 874
‘Beecher's Falls........... Resn T U AR SR 1093

GRAND TRUNK RAILROAD WITH A SINGLE OBSERVATION AT
Island Pond.......... ey A e e T 8 )

TeeneHIPOnd i s im a2 2es AR e S {760
S e CCLTR ve...1963
Iathle Averill, ... oecavieriveen s L et it SN 2093
Salem Mountain, limestone............. DM AR 1275
‘Salen Mountain, Eranite ....vc..ouoesereneeeraneernennns 1410
T e S R PR S e .. 1062
Willoughby Mountain............... AEE S e 2654
B P00 NIObORT s ois s s ssass sy ain vin's S/a Shas s 2200
Miles Mountain, Concord. . ..aissasssasnnassiis v ::2470
Blodgett Mouutain, Stannard.................. L osa 2500
Wheelock Mountain, Wheelock....... I, R o b, ..3000
Burke Mountain, Burke.................. s e AR

m,Wmdwr. .......... ro e e 3220
Monadnock, Jefferson, N. H......ooooooue. S | |
GLACIATION.,

- Glaciation is a potent factor in the topography of the area,
_‘fl;eréiorg it falls within the scope of the present report. The
~subject has been so thoroughly discussed by Prof. C. H. Hitch-
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——

cock in the Fourth Report of the Vermont State Geologist
19g03-04, that I will only briefly consider the matter. The
depth of the ice mantle as it moved down from the Laurentide
Hills must have been 5,000 feet, for the five highest mountains

of Vermont, all over 4,000 feet, are glaciated to their very sum-
mits.

In October, 1897, in company with Dr. Hitchcock, the
author spent some time in collecting Lower Trenton graptolites
at Castle Brook, Magog, Quebec, and in quest of glacial evi-
dences on Mt. Orford.

We did not content ourselves with the study of the mere foot-
hills of this classic mountain, From the southwest side we
ascended to the very summit, and within ten feet of the highest.
point we found a fine bowlder of Laurentian gneiss. A section
of this erratic was sent to Prof. F. D. Adams, of McGill Uni-
versity, and this eminent authority was satisfied that the wan-

derer was Laurentian gneiss from the north side of the St.
Lawrence.

I left Prof. Hitchcock at the flagstaff and went down quite a
distance on the north side of the mountain, and at all altitudes
found bowlders of metamorphosed sediments and irruptives,
which argue in favor of the glaciation of Mt, Orford,

In the summer of 1904 I visited Owls Head finding kindred
evidences of glaciation to its very summit. I have also found
erratics of Laurentian gneiss in Vermont, fifty miles below the
International Boundary at altitudes of over 2,000 feet amidst
quartz veins beautifully polished and striated.

No principle of glacial geology seems more firmly established
than that erratics pass from lower to higher altitudes. Dr.
Bell states specifically in his ¢¢ Glacial Phenomena in Canada "’
in Vol. I, Bulletin of the Geological Society of America, that
Laurentian bowlders were transported from the comparative
low region north of the Georgian Bay to tablelands of much
higher altitudes. Tyrrell in his ¢¢ Glaciation of North Central
Canada,”’” Vol. VI of the Journal of Geology brings out the
same facts,

The author has camped upon many mountains in Vermont
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~ and most of the highest peaks in New Hampshire. Abundant

‘evidence that these crests were ice covered exists upon them
‘all. Therefore not a nunatak remained in all New "England
- save Mt. Katadin, the majestic sentinel of Maine, due to the
~natural thinning out of the ice sheet towards its edges. The
ice that overrode all the mountains of Vermont and New
~ Hampshire, even the dignified Washington with height of 6,293
feet, came therefore from the low region to the north.

The general trend of the ice was southeasterly. Its direction
may be traced not only by the striae upon rocks stoutly resist- ,
ing disintegration and erosion but by erratics. W"

Another striking illustration is the large bowlder of pectuliar
concretionary granite transported over Wheelock Mountain
l?fr__o_m the village of Craftsbury, now standing sentinel in a door
yard one mile below South Wheelock, The longitudinal and
transverse valleys have both been deepened and broadened,
outlets of valleys obstructed, and numerous placid lakes remain.
A mantle of debris therefore covers the entire field save here
and there on the stoss side where the preglacial soil has all
been removed. A local terminal morainZ crosses the State in a
westerly trend in the neighborhood of Lyndon and St. Johns-
bury, The high terraces of the Passumpsic valley rising hundreds
of feet above the river bed at Lyndon Center and St. Johnsbury
give some evidence of the vast amount of morainic material
thus deposited at this temporary lower limit of the ice and
modified by the flooded rivers. Another section impeding
progress in field work is in Concord and Lunenburg where the
pre-Cambrian terranes are completely covered with a mantle of
erratics. Around Lake Memphremagog where the planes of
bedding and cleavage coincide and the rock is less highly
metamorphosed, the mantle of glacial debris obscures the rock
Mmasses and thereby may prevent the discovery of the true
diagnostic features of age.

LAKES.

The chapter upon topography would be incomplete without
Some reference to the scenic beauty and economic significance of



_‘]6 REPORT OF THE VERMONT STATE GEOLOGIST.

numerous lakes. Scarcely a town exists within the area tha
not studded here and there with these placid, transparent s
«of water. Mention will be made of only a few of those tha
have become important summer resorts thus bringing a ce
.amount of trade within the borders of the State, or perhaps
important than all, have become an inexhaustible source
power. Their origin is glacial. The valleys have been de
-ened by the scouring action of the ice. The original outl
of many valleys of incision were filled with glacial debris
the small outlets sought new channels.

ORLEANS COUNTY,

Lake Memphremagog at an altitude of 636 feet extends from
Newport, Vermont, to Magog, Province of Quebec, a distanc
-of thirty miles. It is estimated to cover an area of 48,000 acre
«of which g,600 are in Vermont. Its scenery is unsurpassed i
beauty, Its highest wall is Owl’s Head, rising 2,749 feet above
Its bed is one of limestone and of slate. Practically it lies upon
Lower Trenton and Devonian limestones. The former pass
wnder the lake in its southern portion while the latter are found
at Owls Head on the west, and Georgeville, Province of Que-
bec, on the east A band of Lower Trenton slate interstratified
somewhat with the lime falls between the two limestones,

Willoughby Lake in Westmore, six miles east of Barton, at
an altitude of 1,062 feet is unsurpassed in grandeur by any
waters of New England, even if by Alpine lakes. Mural precis
pices rise 1,592 feet above it upon either side. From the crest.
of Willoughby Mountain 2,654 feet in altitude, it seems to
stretch itself in the cardinal direction of north and south, @
«distance of seven miles. Although it looks like a narrow line.
it averages nearly a mile in width and covers about 3,840 acres.
Its bed 1s in Waits River limestone. The origin is three fold.
The limestone in Devonian times was broken through by granites
upon either side of the lake. The crests of Willoughby Moun-
tain on the east and Mt. Hor on the west stoutly resisted Meso-
zoic denudation while the .intervening limestone easily suffered

P TN
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solution., It was attacked both by the carbon dioxide of the-
nosphere and the sulphuric acid formed in the oxidation of
ites encased in both sedimentary and intrusive rocks. Upon

found an easy channel which it immediately began to deepen.

The stouter igneous material more easily resisted the ever
ing action of these lower layers of ice, while the friable
limestones readily gave way to its influence. A considerable
e of glacial debris, now somewhat modified drift, crosses the
ey to the south and prevents the flow of its transparent
ers into the Passumpsic River. A modified drift traverses.
> broader valley to the north which contains the outlet of the
Thus disintegration, solution, abrasion, and gravel

ceeding 500 feget. Soundings have been made at 450 feet
striking bottom but at the greater depth the bottom was not
ched, Unexpectedly the shallow portions of the lake are
hout bowlders. In water of considerable depth the floor is.
n covered with a fine white sand, resulting from the disinte-
on of the granite, showing perfectly uniform ripple marks.
made by the action of tides on the Atlantic Coast.

~ Barton Lake, in the village of Barton River, skirts the
Boston & Maine Railroad for three miles and covers an area of

900 acres.
Derby Lake in Derby, although much smaller, covering only
about 735 acres, is scarcely less heautiful,
Caspian Lake at an altitude of about 1,750 feet, lies in a bed of

stone, It is situated two and one half miles north of
eensboro Bend in Greensboro and about a three minutes
from the village. It is impossible to see this lake, cover-
2,780 acres, until you stand almost at the water’s edge.
are few if any lakes that surpass it in its scenic beauty.

ESSEX COUNTY,

estled among the granite hills of the extreme northeastern
mer of Vermont are found three lakes. Unlike the five lakes

invasion of Vermont by the great ice sheet that spread over ., /4 &
of New England its lower portions filled with gravers tools. =i..../”

ing, has each aided in giving Willoughby Lake a deptit /(M .
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mentioned in Orleans County whose beds are limestone, these
are in granite. Their shores are whitened by the granite sands
from the disintegration of the surrounding wall rocks. These
grains of sand are rounded and polished by the impact of the
water. The lakes, surrounded by forests, are thus hidden from
view until one comes upon them unexpectedly in the thickets.
They are situated on the height of land, whence the waters drain
on one side into the St. Lawrence through the Coaticook and
St. Francis rivers, and on the other into the Connecticut river
through Leach stream, the outlet of the smallest of these bodies
of water. Leach pond covers an area of 114 acres at an altitude
of 1,800 feet. Big Averill covers an area of 860 acres at an
altitude of 1,963 feet. Little Averill covers'an area of 1,280
acres at an altitude of 2,093 feet, The divide between the first
and second is 2,013 feet and between the second and third 2,150
feet. A ten minutes walk only is required to reach Big Averill
from Leach pond while Little Averill lies one mile to the south-
west beyond Big Averill, The close proximity of these three
lakes to each other, the low divides between them, and their

access from the first by trail through the thicket are suggestived

and interesting.

Another pond whose bed is in part granite and in part meta-
morphic schist is found in Concord. It is known as Miles pond
lying at the foothills of Miles mountain at an altitude of 1,010
feet,

CALEDONIA COUNTY.

Caledonia County is not without its scenic lakes and ponds.
Long Pond in Groton at an altitude of 1,050 feet, covers 2,500
acres. Like the Jakes of Essex County its bed is granite.
Although there are outcrops of Washington limestone lying
near it on the east, there is no positive evidence that the lime-
stone cuts beneath the pond. The area is still largely wooded
and the lake furnishes the power for a'large lumber industry.

Harvey's Lake in Barnet is 8oco feet above sea level.
Although it contains no more than 600 acres, yet it is one of the
prettiest sheets of water in New England. [ts bed is in Waits

Prati XXIV.

Lowe!

11 Mountain from Irasburg, Vi
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River limestone while intrusives of granite lie both to the east
‘and to the west of it thus enhancing its beauty.

Another significant lake is St. Joseph’s Lake in Danville and
‘Cabot, It lies in limestone at an altitude of 1,490 feet. The
limestone has a slight dip of only 10 to 15 degrees to the west.
It must have been formed by the scouring action of the ice
‘together with the greater solubility of that portion of the lime- -
_stone forming its bed; or by the burying of the original channel
~of Joe’s Brook, which is its outlet, by glacial debris. The
present outlet of the lake falls 140 feet in a distance ot 1500
feet over sheets of Waits River limestone, thereby furnishing
~most excellent water power both for cutting lumber and granite.

GEOLOGY.

To unravel the intricate details of the geological structure
and diagram the true stratigraphical sequence of these heteroge-
neous terranes is no easy task. Hon. James Richardson found
in 1872 that epidotic, chloritic, and serpentinous rocks with
crystalline limestone and magnetites were characteristic of
Upper Paleozoic as well as Lower Paleozoic terranes in British
Columbia, the Eastern Townships, and New England. The
geologist in the field fully realizes the possibility of error amidst
these crumpled, folded, faulted, metamorphic rocks. There
will exist considerable doubt and uncertainty until some geolo-
gist in his good fortune finds the true diagnostic feature in pale-
ontological evidence within the State. S

v ,'
R 5
A. S ! /
; r;
PRE-CAMBRIAN.
"

This term as here used signifies a group of sedimentary rocks |
flanking the Waits Rivef limestone on the west, and a lithologi-
cally similar group of sedimentary, or meta sedimentary, highly
Metamorphic rocks on the east.

The western member consisting of chlorite schists, micaceous
- Quartzites, and gneisses, and flanking the Green Mountains on
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the east has been quite definitely’settled as pre-Cambrian. Tt
is this belt that carries the Eden and Lowell serpentine and as-
bestos deposits. No attempt has been made to determine its
structural features save on the border of the limestones. The
stratigraphical section is carried from Hardwick toward Wol-
cott, a distance of six miles until the rock assumes a westerly
“dip.

The eastern belt lies directly west of the Connecticut River. -
It stretches across Essex, Caledonia, Orange and Windsor
Counties. It reaches a breadth of five to ten miles in Essex
County and south of Wells River becomes a narrow band.
Occasionally beds of talc and steatite are found within it.

Plate XXI1V. Lowell Mountain from Irasburg,.

prate XAV

a. Lunenbury Schist.

Lunenburg Schist is the chief pre-Cambrian representative
’in the eastern belt. Through this the Connecticut River has
cut its sinnous channel along the interstate boundary, It is a
highly metamorphic, green, greasy, chlorite schist often stud-
ded with pyrite. The chloritic phase comprises a belt two
miles wide on the eastern slope of the cliffs from Guildhall to
Hartland. A most excellent development can be found in Con-
cord and Waterford. Sericites and occasionally phyllites are
present in Barnet and Ryegate. At MclIndoes Falls the dip
of the sericite schist is 85 W. while in Barnet it is slightly to
the east. Near the railroad cut below Barnet there is a small
area with nearly horizontal position—a purely local character.
Plate XXV represents a railroad cut in Lunenburg schist at
Wells River.

'

< nist, Wells River, Ve
Railway Cutin Lunenburg Schist, Wel
allway v«

b. Protogene Gnelss.

The eastern border of the Lunenburg schist is cut by several
outcrops of protogene gneiss. Some of these cliffs rise 200 feet
above the Connecticut River where with almost vertical faces

they closely resemble the basaltic palisaides of the Hudson.

Plate XX VI Barnet Cliff roo rods along. J




"JAXX HIVId



REPORT OF THE VERMONT STATE GEOLOGIST. 8r

¢. Sheared Duarizite,

Flanking the Lunenburg schist in the west is a narrow belt
of sheared quartzite. Two miles northwest from Lower Water-
ford on the farm of R. W. Remick this phase can be easily
seen. Small veins of galena slowly increasing in width and
~ number with descent are found in this member. It is repre-
sented in the section as lying above the chloritic schist as in a
tightly folded synclinal trough. Its western dip is nearly ver-
tical where it comes in contact with sheared diorite porphyra.
A highly quartzose phase appears in Ryegate. When the de-
tailed mapping of Essex County can be taken up, its field rela-
tions will be better understood.

Although no fossils have been found in the Lunenburgh schist
~ and in this quartzite in the areas of the least metamorphism yet
I am inclined to believe that their true stratigraphical position
will be Cambrian., '

d. Hornblende schist.

Hornblende Schist is often associated with the sericite.
Sometimes it reaches a thickness of 1,000 feet. It often be-
comes feldspathic and can be catalogued a gneiss. Exact dupli-
cates of specimens of gneiss from Baltimore, Maryland, are
“easily obtained along the Connecticut River in Orange County
where it lies between the gneiss and the Lunenburg schist.
The best representative in the northern field is in Barnet.
Plate XXVII represents the cleavage plane dip in the hornblende
schist in the cliff near East Barnet.

e. Metamorphic Feldspathic Schists.

There is a belt of considerable width in Concord and Water-
~ ford of a greenish, feldspathic schistose rock. It has been sug-
gested by Dr. Mathews of Johns Hopkins University that it isa
sheared amygdaloid. Every stage of gradation between a
 diorite porphyra and this highly metamorphic material can be
‘traced in the field, but whether it represents an original felds-
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pathic mica schist, an amygdaloid, or a diorite porphyra, only
a large number of microscopical slides can determine. The
phenocrysts of feldspar have suffered much decomposition and
further study is necessary to determine its exact nature.

Prof. Hitchcock suggested in Geolagical sections crossing
New Hampshive and Vermont, the term Montalban as equiv-
alent of the White Mountain series in New Hampshire whose
age is designated as upper Laurentian,

In this report I have
included these with the Lunenburg schist as pre-Cambrian

awaiting further field investigation,

Dr. T, Sterry Hunt in 1870 suggested the same name, Mon-

talban, for the terranes now known as the Waits River limestone
and the Bradford schist. As the name has been applied to

formations separated so widely by degree of metamorphism as
well as by age the name is dropped from the present discussion.
Some of the important dips in the pre-Cambrian terranes are
here catalogued. Metamorphic schist, Concord, St. N. 40° E,
dip 80° E.; Waterford, dip 85° E. Sheared Quartzite, dip
go®. In Lower Waterford, Lunenburg schist. St. N. 45° E.
dip S0° E. One mile west of Concord dip 80® W. Thus the

whole series is everywhere tilted to a very high angle closely
folded into anticlines and synclines.

B.
IRASBURG CONGLOMERATE.

Irasburg Conglomerate is so named from the town of Iras-

burg in Orleans County where it is best represented. The
author in the summer of 1904 discovered this conglomerate on

the farm of F. A. Willey one half mile below the village of
Irasburg on the West Albany road, and visited it again in 1906.
The fine exposure is on the left hand side of the road.

Its conglomerate nature is unmistakable. Pebbles of granite
are tightly held in the folds of the highly metamorphic mica-
ceous portion,

One of these is six inches long and four inches
wide.

Fragments of diorites, highly metamorphosed schists,
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and quartz pebbles, are also present in large numbers and the
bands of limestone are interbedded with the more micaceous
portions.

The structure of the conglomerate strikingly suggests a

rapidly sinking sea upon whose shores these calcareous sands

were deposited. As the beds of lime are siliceous and litholog-
ically identical with the Waits River limestone it should both
mark the basal member of the Lower Trenton series and the
great erosional unconformity on the west. The shore was to
the west from whence these pebbles came. It would be a
distance of more than fifty miles in a southerly direction to
kindred irruptives in the pre-Cambrian terranes to the east of
the Waits River limestone. TFurthermore the pebbles of granite
and its associates are directly traceable to the kindred irruptives
in the pre-Cambrian terranes in the west which are separated
from the Waits River limestone by an erosional unconformity.
The history then is marked, (1). by a period of deposition in
which many thousands of feet of sediments were laid down.
The source of the material was the disintegrated portions of
the Green Mountains to the west, (2).. A period of rise dur-
ing which these sediments were somewhat folded and brought
above the sea level. (3). The introduction of igneous activities
when the granite and diorites were intruded into the schists and
along their lines of contact added new minerals. (4). A long
period of denudation whose time of duration is most difficult to
estimate. (5). A period of subsidence upon the margin of
whose sinking floor these calcareous sediments were deposited
then gradually in deeper, clearer, and more quiet waters the
Waits River limestone was formed. (6). A period of rise in
which the conglomerate was brought above sea level. (7).
The introduction of intrusives into the limestone. (8). The
present period of disintegration and erosion.

The general dip is to the west and the strike in a northeast-
erly direction, Strikes and dips can be taken in many direc-
tions owing to the highly folded and crumpled charactér of the
formation. Some fifty rods from this outcrop toward Irasburg
the conglomerate appears in much longer exposures on both
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sides of the brook where once there seemed to stand an old mill.

Here samples of good limestone free from
obtained.
glomerate in Newport and Coventry, also at Owls Head, Canada,
everywhere dipping under the bright green talcose schists appar-
ently with scarcely any planes of stratification. This is
flanked on the east by a slate then a limestone that’Dr, Hitch-
cock would call Devonian, and then Montpelier slate,

The stratigraphical position of the Irasburg conglomerate is
therefore capable of two interpretations. (1). That it is the
basal member of the Waits River limestone formed upon the
rapidly subsiding sea floor when the sea transgressed upon the
pre-Cambrian schists. (2), That it is the basal member of a
younger series of rocks lying in a narrow belt between the Mont-.
pelier slate on the east and the pre-Cambrian schists on the
west. Comparison of specimens collected in the section crossed
would lead one to accept at the present writing the former
opinion. Further detailed field investigation is required before
this most valuable diagnostic feature can be defin
lated.

Erratics of another coarse conglomerate were found to the
east of the Bradford schist in Concord. The pebbles were
much flattened by the intense pressure to which they had been
subjected and often elongated parallels with the planes of folia-
tion. S. R. Hall in his report relating to geology of northern
Vermont, cites such a coarse conglomerate in Granby, Victory,
and Concord. Although Hall recognized a similarity between
the two, yet to me they are strikingly different. The former
conglomerate is decidedly calcareous. The latter is devoid of
lime. The former is micaceous and unquestionably sedimen-
tary; the latter is micaceous and meta-granitic. As the former

represents the shore line between the Waits River limestone
and the pre:Cambrian schists on the west, so the conglomerate
on the east may represent the shore line between the Bradford
schist and the pre-Cambrian terranes on the east. The removal
of the lime for a distance of five to eight miles may explain its
utter absence from the latter conglomerate.
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This apparent absence of Devonian characters may be indicative
of Lower Trenton age and that the band of limestone is simply a
narrow belt of Waits River limestone interstratified with Montpe-
lier slate, which phenomenon is often observed on a smaller scale
both at Newport and in Orange County. However, its exact re-
lation is one of the problems that I hope to settle in my next terse’
report upon Orleans County. .

D,
pFraAt —

WASHINGTON LIMESTONE.™

This name the author applied in 1895 to the calcareous mem-
ber of the calciferous mica schist of previous reports by Prof, C.
H. Hitchcock, although the first publication of this term ap-
peared in 1593. The name Washington was chosen because in
that town in Orange County the limestone assumes its maximum
typical development. - Here it is that the strata lie in nearly hori-
zontal position; the texture is uniform, the percentage of lime
higher, and the polish which it receives finer than in any other
part of the State. It was here also that the discovery was made
in 1893 that the rock was sufficiently pure to be used as a marble.
In 1898 more than twenty-five quarries had been opened and the
demand was in excess of the capacity of sheds, polishers, and the
capital invested, to meet the supply. Many of these quarries
have been abandoned not from an inferior quality of the stone for
monumental and structural purposes, but from poor financial
management of the initial movers.

The limestone stretches itself across the entire State from north
to south just east of the central line through Northfield and Mont-
pelier. * It approximates forty miles in width in Canada where it
lies between the east and west division of the Quebec Group. In
Hartford it divides by the intervention of the Bradford schist.
The western member terminates in Cavendish in Windsor County.
The eastern member crosses Windsor and Windhamm Counties

* Iu this paper the name Washington Limestone has been changed to Waits River
Limestone. See note at the end.
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and may be the formation in Massachusetts known as the Conway
schist.

Three distinct phases of the limestone can be easily recognized
in the field. The first is a beautifully banded variety closely re-
sembling the Columbian marble of Rutland, Vermont. The typi-
cal development of this variegated variety is found at Waits River,
Vermont, where it was gquarried in 1897-99 by W, M. Carnes and
Company, and advertised as ¢ Vermont Imperial Variegated
Granite.” This banded phase crops out again in Danyille and in
Westmore. Small, yellowish brown crystals of phlogopite are
scattered through it with orientation parallel with the planes of
bedding. At the foot of the cliff at the base of Mt. Hor in West-
more this feature is well illustrated. Here the strata lie in a
nearly horizontal position though dipping at a few degrees to the
west. ~

The second phase is a dark steel gray silicious limestone some-
times banded in appearance but more often fairly uniform in
color. The darkest and purest portions of this variety are found
. in Washington and in Danville. In Washington large blocks can
be secured perfectly uniform in color without seam or flaw, and in
Danville it presents the same aspects though in a less marked de-
gree, In the village of Danville by the roadside leading to the
station is a typical outcrop of this variety, In Derby and New-
port it begomes much lighter in color, and in Canada a very light
gray in many localities. On the east it becomes a lighter gray
and passes into the Waits River phase. On the west the rock
holds its fairly uniform fexture as can be seen in Craftsbury,
 Hardwick and Walden. This variety is susceptible of the highest

polish and takes a lettering legible to a greater distance than any
other known rock. This is especially- true when the face of the
letters with their polished surfaces stand out in bold relief from the
‘white hammered background.
The third phase is a dark carbonaceous variety of more shaly
texture and never susceptible of a fine polish. It graduates by
almost insensible gradations into the dark steel gray variety yet
in many cases there is quite a rapid transition from one to the
other. This variety is the uppermost member, for it flanks the
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steel gray variety upon the east and the west. On the east in
St. Johnsbury along the Boston and Maine Railroad below the
village beautiful illustrations of the dark variety can be observed
and on the west in Albany, Irasburg, and Newport. This phase
assumes a more nearly vertical position until it is intimately
interstratified with slates and shales thatoverlie the Washington
limestone. Plate XXVIII represents such interstratification
at Newport,

A few special phases, apparently local in character, are worthy .

of recognition. One of these is about one mile south of South
Walden Post Office where the rock becomes very arenaceous
with great fissility along vertical planes and in which there are
some suggestions of fossils, It is an area demanding further
investigation along that line.

A second localization presents itself in Irasburg about one
mile east of the village on the road to Glover. Iere the lime-
stone assumes a dark brown color, nearly a vertical position and
becomes more shaly than at any other point investigated. Here
also fractured portions of the fragile limestone seem to imitate
organic forms. The locality may well be marked as one worthy
of further search for diagnostic features.

At a third locality it is entirely different in type and character.
It is located in Westmore on the south side of Willoughby
Lake. 1t is the brecciated phase of the Waits River Jimestone
—purely local in effect. Such limestone breccias were not sup-
posed to exist on the east of the Green Mountain axis and the
discovery in Westmore is attended with no little interest. Many
fragments were found at the base of the perpendicular cliffs.
The fragments of the dark gray limestone are sharp and angular,
showing no appearance of the rounding processes. These are
cemented together by crystals of pure white and yellowish-white
calcite. The source of the lime is from the shattered limestone
rock. The fracturing was done by the numerous intrusives
cutting their way through the limestone. These will be noticed
later as bosses and stocks of granite, dikes of diabase of the
camptonite order, and amygdaloids.

The Waits River limestone as a unit is interstratified with
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numerous beds of phyllite schist. Daley says in his Geology
of Mt. Ascutney, ** The limestone is in the phyllite series.”
‘The converse in reality is true for the limestone predominates
in the areas described. The interstratified phyllite often be-
comes black and plumbaginous from the graphite disseminated
through it. This is well illustrated at the John Guyer quarry
“on Observatory Knob, St. Johnsbury.

A single hand specimen shows distinctly thirteen faults in the
graphitic phyllite schist, In the same vicinity it often becomes
otfelitic from hexagonal scales of ottrellite set transverse to the
planes of foliation. This often becomes so tough and compact
that it is catalogued as hornblende, This mineral has developed
in the limestone in many places, perhaps best observed in
Barnet. Staurolites, and incipient iron garnets are common in
the bands of phyllite.

The limestone underlies the Bradford schist which will be de-
seribed in E, the next division of this report. On-the east
‘through Barnet, Burke, and St. Johnsbury its inferior position
- is distinctly noticeable. At St. Johnsbury on Observatory
‘Knob its easterly dip is clearly seen at an angle of 45 degrees.
Plate XXIX.

In Danville there are three distinct cuts made in the Waits
‘River limestone by the St. Johnsbury and Lake Champlain
Railroad, The first of these is known as Badger Gap 300 feet
long and estimated 4o feet high, Here the limestone lies with
-u-luw dip of 15 degrees to the east. The strike is normal to the
, N. 30 E. The strata is cut with numerous quartz veins,
. ly folded, sometimes parallel with the bedding, often cross-
g the bedding planes at all angles.

_ The second is known as Crane Ledge about one mile east of
Danville. It is 600 feet long and reaches a maximum depth of
~ twenty feet. The sheets are nearly horizontal, practically the
~ crest of one great anticline yet there are many apparent foldings
‘i the limestone. One interesting feature within the cut is the
Presence of an intrusive. A dike of camptonite varying from

ce to five feet crosses it in a northwesterly direction. It is
what concretionary in its decomposition and presents most
utiful slickensides.
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The third cut is a few rods east of West Danville. It is not
as large as the other two but marks the western slope of the
anticline.

Plate XXX shows the nearly horizontal position of the strata.

This anticline which is so well represented in Danville traverses
the entire limestone formation. Its position in Washington is

equally well represented. In Marshfield and Peacham it is broken

through by a large mass of granite, so that upon the eastin
Peacham the rock dips to the east and on the west in Marshfield
the rock assumes the westerly position. This northeasterly trend
carries the anticline through Sutton where good exposures of the
limestone can be observed. Nearer the International Boundary it
is broken through again by irruptives especially by the large
granitic area in Holland and Norton. In general a synclinal fold
can be traced between the anticline and the Montpelier slate on
the west. The coincidence of the planes of cleavage and the
planes of bedding would lead to the conclusion that the cleavage
was developed prior to the folding, The arenaceous character of
the limestone would indicate an Ordovician sea of some consider-
able depth. The fine grains of silica may have come from the
disintegration of sandstone of Cambrian age and unconsolidated
sands of even later age. The lime was largely derived from or-
ganic remains yet in part it may have been the results of chemical
precipitatian,

The presence of the beds of phyllite so often interstratified with
the lime may represent varying conditions either in the sea or on
adjacent land masses whereby the finer and more clayey material
was laid down with the calcareous sand, The continental uplift
which brought northeastern Vermont above the sea level and
caused the deposition of sediments to cease occurred at the end of
the Ordovician.

E.
BRADFORD SCHIST.

This name was used by the writer in 18¢g8 to designate the non=
calcareous memhej; of the calciferous Q‘Emica s.chistf‘l’rof. Hitch-
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cock. Bradford was chosen for several reasons. It is the most
important town in Orange County bordering the Connecticut

River. The rock exposures are easy of access to all geologists

visiting the area. This is especially true in following up the

Waits River Valley to Cassville. Here the schist reaches its typi-

cal development. The breadth of the exposure is about seven

miles; the schists are highly folded and contorted. To the south

it grades into a micaceous _quartzite with perfect parallelism of the

scales of mica between the 1ayers of silica. In many instances it

becomes gneissoid in appearance, to the north it is finer grained
often phyllitic and ottrelitic. The fine grained nature of the

northern portion is nowhere better illustrated than in St. ]ohns-,
bury ,east of the Passumpsic River and west of East St. Johns-~i
bury.

The name Bradford schist includes all the non-calcareous mem-
bers of the old ¢¢ Calciferous mica schist.” It embraces there-
fore the quartzite, staurolitic, actiunolitic, amphibolitic, ottrelitic,
graphitic, and garnetiferous phases lying between two large nar-
row belts of slate and shale, one on the east near the Connecticut
River, the other on the west passing through Newport and Mont-
pelier to Barnard.

The average strike of the belt is practically parallel with that of
the Washington limestone N 10° E in the southern portion, N
20° L in the central, N 40° Ein the northern. The dipisata
very high angle, either east or west and the whole series of schists
suggrest complex and intricate folding into anticlinal arches and
synclinal troughs.  On the brow of the hill to the west of East
St. Johnsbury many of these anticlines can be seen and some
have been photographed. Like Appalachian foldings the west-
ern slope of the anticlines are everywhere the steeper of the two.
These sharp folds are suggested in the diagramatic structural sec-
tion accompanving this report. The planes of superinduced
cleavage are not always coincident with the planes of deposition.
Sometimes the variation will be marked by only a few degrees as
on the southeast side of Kirby Mountain, while occasionally they
are nearly at right angles with each other.

The Bradford schist alone was supposed to represent about one
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half the thickness of the ¢¢ Calciferous mica schist” which Dr.
Hitchcock has represented as 12,000 feet. The depth of 6,000
feet appears by the complex folding to be too large an estimate,
1t often makes its appearance overlying the Waits River limestone
in bands only a few hundred feet in thickness and small narrow
‘bands in unmapable area are interstratified with the arenaceous
limestone.

Some of the different phases of the schist demand special con-
sideration. In the northern portion on the east it graduates by
-almost insensible gradations through shaly material into the
Waterford slate, so that no sharp line of demarcation would sug-
gest an unconformity between the two. On Observatory Knob,
-one half mile west of St. Johnsbury, there seems to be a very pe-
«culidr relation between the Waits River limestone and the Brad-
ford schist. The former in a quite unexpected manner grows
ipoorer and poorer in its lime contents until the uppermost portions
become entirely free from lime, and the phyllites predominate.

/This transition by imperceptible gradation from a siliceous lime-
!'stone well suited for structural purposes to a phyllite schist with
sufficient rift and grain for flagging stone have been observed in
the same quarry face, I think only by Dr. W. J. Miller, of Ham-
ilton College, in the Piedmont region of Maryland. The fact that
‘the stone and phyllites dip 35°-45° E is suggestive that the two
were laid down in conformity with each other, and that the sub-
sequent superinduced cleavage is at an angle not far removed
from 43 degrees with the planes of bedding.

If the crest of the hill alone be examined one would catalog
the area from topography as Bradford schist; from the lower alti-
tudes he would plot the area as Waits River limestone. But
every quarry however small that has been opened upon the higher
altitudes shows this gradational feature with descent from the lime.
impoverished schist into the typical limestone of the area involved.
Whether the continued working of the Guyer quarry for building
purposes will throw additienal light upon the problem is an open
question. The problem most certainly is suggestive.

One mile to the east the nature of the schist has entirely
changed. It has become graphitized and the dips are at high
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angles. There isa suggestion of a possible fauflt' alcn‘gv ,thf- :12:
cisional valley of the Passumpsic between the Waits Riv elb nth
stone and the Bradford schist which is here shown to be the

: nber. '
yo{::f((:h:;e;)hase of the Bradford schist 'is we'll 1‘epre§ent<3£1filr11 la
dumb bell shaped area of considerable dlmens'lon in M.ars e.(; >
Cabot, Walden, Stannard, Wheelock. It is fwe miles 'w1 e
both to the north and south while in Walden it nearly disap-
pears. The belt is highly s&g_ggql}tlc Nearly' all exposure.i zﬁei
thickly studded with magnificent cruci}f.orlm twins so bfeazt'l u }j {
penetrating each other that the impassioned 'collector' is iscon- §
tented with a mere specimen of regulatio.n size. This 1s isgi-
cially true in Cabot on the crest of the 1'11115' to .the westlo -
Joseph’s Lake where the staurolitic schist lies in a gentle Zyn -
clinal fold with the low dip of five degrees to jche west,‘ an 11;
the road bed passing over Wheelock Mountain from Stannard
to South Wheelock. N '

It is to this member so stoutly resisting both disintegration
and erosion that the remarkably higher altitude.s of' VVheelo1c}<
and Stannard are due. Wheelock Mountain maintains an alti-
tude of sufficient proportion for a signal to b‘e seen off the
Atlantic Coast, although the mountain is 150 mlle§ 1n1and' and1
nearly fifty miles west of the White Mountams.‘ bt}ch a s1gn2;
was there planted in the eighties under the direction of Prof.
Charles H. Pattee.

Another unusual and remarkably interesting phase of the
Bradford schist is found in Barton about two miles east of the:
village near the road to Westmore. The exposure here some-
what suggests a gneiss but it very closely resembles a %e’
the difference being not in the large black scales of biotite"but
in the ground mass. The hand specimen may be cataloguefi a
biotite schist with perfect parallelism of the black scal.y mica.
A microscopical section is necessary in ordejr to determine hc?w
feldspathic the material is. The section 1s not noted for its.
size but for its striking peculiarity. It is cut throu-gh by la'rge
masses of exceedingly dark biotite granite. The introduction
of this intrusive has had much to do with the high degree of
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metamorphism of this peculiar member; in fact the preponder-

ance of biotite in the granite suggests that this biotite schist has
suffered sufficient fusion to cause its transition into a black
biotite granite, '

An arenaceous phase of the Bradford schist is found in Marsh-
field. In fact it is strikingly suggestive of a micaceous quartz-
ite, in which the mica in small scales has carefully arranged
itself with perfect parallelism, and the fine grains of quartz were
originally granules of fine gray sand. About two miles east of
Marshfield village this arenaceous variety has been largely used
for whetstones. They are free from small garnets; they pos-
sess a clear grit and do not gum. Several other localities exist
in northeastern Vermont where this loc
phase is apparent,

Other phases of the Bradford schist might be described, but
cannot be discussed in the present report.

These various phases of the Bradford schist not only suggest
different degrees of metamorphism but different conditions of
the sea at the time of their original deposition, The whole sug-
gests a rising continent toward the close of Iower Trenton time.
The coarser material seems to have been laid down in reasonably
close proximity to an old shore line. The drainage of con-
tiguous areas was fairly rapid so that coarse sediments were
transported into the Ordovician sea and with checked velocity
deposited the sediments. The finer sediments were carried
out into deeper water and therefore laid down further away from

the shore. The sea was the more shallow toward the south and
deepened quite rapidly toward the north, for the southern por-
tion carries the coarser material and the northern portions the
finer. A striking difference. in the character of these oceanic
sediments can be observed by comparing the Bradford schist in
Cassville four miles from Bradford up the Waits River Valley
with that at East St, Johnsbury along the Moose River Valley.

The continental rise may have been temporarily arrested and
in fact slight subsidence introduced to allow for the deposition
of the finely triturated clays whose metamorphic representatives
now appear in the two belts of clay slate flanking on the east
the Bradford schist and on the west the Washington limestone.

al use of the arenaceous
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MONTPELIER SLATE.

The following terms, Montpelier slate, North{?eld s}}z;e,e;:\:l;i’
Montpelier and Northfield slat(j,, have be:snonui;i g1:(t)(;;;y Ofg oy
and indiscriminately in the various reports geo o

£ e has been any discrimination whatever, N
;ineolgt.slatlet ’t’hli: 1loeen used mZ)re 'm'a commercial sense than in the
i i f a geological formation. ' ‘
deilg;‘il::lll(zlnp(i'ol)ogse chrefore the singlle term l\Iontpc;,her ;;t:rizi
the terrane that has been tormerly discussed under tllese‘: Hterent
names. The name Montpelier is chosen for s'evelralf lte:tio; L
is the capital of the State and no oth'er .geologlcai\' t'01111 4 on e
received the adjective Montpelier in its descrip 101{(.)1- e
Montpelier that the slate is the most ea'sy of zfccelss Lo
wish to study its characteristics. Here 1t h.as .1eac 1e‘ ts homg-lde
breadth and' highest development. Here it is, scalsce;.}n th;t Y
the city limits, if at all, on the farm of Charles T. Sabi ¢
has been extensively quarried for roofing pu.rposes. ot tione in
The name Montpelier then is lg)ell‘e z;ppll;:: t;ilorlrL tl;lznli: -
rely looical gense to the belt of s at fl . >
EI:::lZl:}afezchli’st t«f the east of the 91'?e11 Mountam\i}mist,s 11{\11‘negl
conformably upon and often interstrat‘thed with th\e; am er
limestone. Its southern terminus is in I:}arnard, ermc;I ) o
thence it extends intermittently through Northfield and Montpel- |
ier, Irasburg and Newport into Canada on tl‘le nortkh.1 o from
The entire series is a highly metamorph}c roc ‘L‘eru e‘ o
beds of plastic clay. Its perfect cleavage 1s the direct :;:hereby
molecular rearrangement through heat au.d pressure, hereby
the mineral grains are flattened and rotated into p%zm?j pmjth o
each other. These planes may or may not c'omc1ﬁ eldW:here ©
planes of original deposition of the clays. In ;\or}zh‘ e(r | there =
a striking difference between the two, the cleavage leliz o wezt.
angle while the planes of bedding are at a low an.cc,r e.d £ e
In the northern areas the two planes seem 'to comc.l e.the e
especially true in Canada, where in a contlg\-Jous. ~a11ea g- .
nostic fossil graptolites are most heautifully preserved.
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The black color of the Montpelier slate is due to fine carbona-
ceous particles disseminated through it. The color and texture is
quite uniform, although in the more southern portions of this nar-
row belt the slate assumes a bluish black hue and a finer texture,
while in the north it becomes a jet black and sometimes ap-'
proaches a carbonaceous shale. This latter feature is very dis-
tinct on the west of the Black River in Albany,

This slate differs somewhat from the Waterford slate which is
discussed in the next section of this report. It is darker and more
uniform in color, less laminated in structure, and freer from all
secondary minerals. Therefore it is better suited for roofing pur-
poses, blackboards, sinks, stationary washtubs, etc.

The general trend of the strike is at first north and south, then
it changes in Northfield to N 30 ° E and from thence maintains
the same general direction to Lake Memphremagog. The slate
in the southern portion stands in nearly a vertical position. In
Albany it dips 65 ° W, in Newport So © W,

Although this belt of slate has been often mapped as passing
through Wolcott, I am confident that it was a generalization, for
a detailed section running from Hardwick to Wolcott, the last six
miles of which was over pre-Cambrian terranes, revealed no slate
whatever, only 660 feet separates the last outcrop of the limestone
from the frst of the pre-Cambrian schists. The slate is not em-
bodied in the structural section because in the neighborhood of
Hardwick it seems to have been either squeezed out entirely or
have suffered sufficient denudation for its complete removal.
From Albany the slate can be traced with considerable definite-
ness, in spite of the morainic material mantling the area, to Lake
l\Iemphremagog; and from thence across the lake into Car{ada,
where its fossiliferous nature is well showi.

The contiguous land areas were approaching base level and
therefore yielded their constituents to sedimentation the more
slowly. The waters receiving the sediments were comparatively
quiet, thus allowing the deposition of the finest clays and muds.
The grand continental uplift that brought the northeastern sec- -
tion above sea level occurred at the close of the Ordivician, and

the oceanic connection with the Gulf of St. Lawrence was closed.
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G.
WATERFORD SLATE.
—_——

The introduction of the term Waterford 'slate, as .1ic }isrr;e\&fség
geological literature, demands an explanation. It 1s i e
to locate a narrow belt of slate that may or .ntl)a(}ir no
equivalent of the Montpelier slate alread?r described. e

This terrane flanks the Bradford schist on the. eats) , el
separated from the pre-Cambrian rTletar.norphlc series y; . 1:
Lithologically it is a slate graduating 1nto a fme fgraclln.e: re;)dfes
lite of the Bradford series to the west. In Watertord1 rehes
its maximum thickness, 400 feet of workable slaté. It' exte s
northward through Concord, Kirby, and Bur}<e, where 1t's;ze e
to terminate although detailed field work m' the une;p olr d
granitic area to the north may reveal outcropings of the sla

ill nearer the International Boundary. ' i . )
Stlilts strike in Waterford is N 10° E, 'dlp 80° to .85 f, :1‘;};
apparent planes of bedding nearly coincident w1t‘h tthzscon_
cleavage. The slate appears in many towns bordermlg e o
necticut River as far south as Guildford. Presumably i 1sh
Waterford slate. Occasionally as in Bradford the slaFe a(s)

been squeezed out entirely or has been remo:ved by/ erosion sin
that the slate is not a continuous belt from ]'?urke M'ountam "
the north to Guildford in the south. The strike varies .froxfn

45° E in Norwich to N 10° E in Waterford and the dip from

" 60° W in Hartford to 80° E in Waterford.

In general the slate is a dark gray compact tough laminated |

[

rock often studded with incipient staurolites, occasionall}f; \\‘.11‘;1'1. §
iron pyrites. In Thetford it becomes soft and ex.tfemely SS.l , f
and assumes a bluish black hue. Several localities from tm?ef
to time have yielded small quantities of the‘ sléte for economlzs
purposes, cemetery work, flagging, underpinning, roofing, an
roél(‘ih;ns\t"eartl:r]f.ord Slate Company in 1853 spent several th(?usand
dollars in developing the quarry on Waterford Mountain two

miles south of East St. Johnsbury on the St. Johnsbury and
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Lake Champlain Railroad. In 1860 it is reported to have bee
sold to Webster and Keys of Concord, New Hampshire ‘foI1l'
$7,777. They became involved in litigation and a foreclc;sure
ensued. There seems to be no reason why the quarry should
not be worked at good profit with modern machinery and modern
methods. I have split with a single blow of a trimming ham-
mer samples three feet long and from two feet thick to the
thickness of one quarter of an inch. The grout around the old
quarry _exposed for half a century shows how stoutly the slate
will resist disintegration. A seventy five foot front can be easil
obtained with excellent opportunity for grout beds. ’

A peCL}Iiar wall-like rock suggestive of a basaltic dike about
ten feet in thickness stands directly in front of the face of the
quarry. It is a compact, highly metamorphic mica schist con-
51st1n‘gr essentially of quartz and brown mica. Its peculiar fea-
ture is the pebbles of quartz and the small crystals of some
secondary mineral that demands microscopical investigation.
It suggests i.n some ways a basal conglomerate. If it is such
t}.len an erosional unconformity exists between the slate and the,
%nghly metamorphic series to the east. Bosses of granite appear
mvthe slate both on Waterford Mountain and in Kirby. pEl‘he
Wa'terford slate has also been quarried in Fairlee, Thetford, and
Guildford, but not to large extent even though tl’ne quarrie; are
near the Passumpsic Railroad.

The condition of the adjoining land areas yielding the sedi-
ments and the character of the waters in which they were laid
down were not materially different from those involved in the

.c11scussion of the Montpelier slate therefore they need not be
introduced anew.

H.

IRRUPTIVES,
a. Granites.

The term granite in this discussion is used in a geOIOgical
rather than a commercial sense. It excludes the gneisses in which
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a certain parallelism of some accessory constituent has been de-
veloped in the rock mass, usually of sufficient importance to be
recognized even in the hand specimen. It includes the hetero-
geneous series of holocrystalline irruptives whose essential con-
stituents are quartz and some acid feldspar, generally orthoclase,
and some accessory mineral either mica, or hornblende, or both.

Scarcely a town exists amongst the fifty two towns under con-
sideration that has not suffered the introduction of these acid
intrusives. That these granites are not the residual backbone of
mountains formed from sedimentary deposits by complex folding
is perfectly plain, for they have developed many new minerals
through contact metamorphism. One of the best illustrations of ,
this phenomenon is the large crystals of calcite along the zone of {
contact between the granite and the Washington limestone through |
which it was irrupted. Their surface exposures are often tar- A
nished with the oxides of iron resulting from the decomposition
through oxidation o1 pyrites. Even in many such localities as
soon as the sap rock has been removed excellent building material,
permanent in color, is obtained.

There is a considerable difference in the texture of the granites
in northeastern Vermont, even among those belonging to the same
irruptive ‘period. In general the more_ southern areas are the
finer grained though there are some striking exceptions to this
rule,

The Knox Mountain granite in Orange is much coarser than
the Kirby granite on Kirby Mountain, while the Barre granite is
distinctly finer than the high grade granite of Graniteville, Prov-
ince of Quebec, just north of the International Boundary.

A few of the areas that have produced large commercial out-
puts or are fully capable of doing so with the expenditure of a
limited amount of capital to open up the industry are worthy of
careful consideration. The Barre granite that has been so ably
discussed by G. I. Finlay in the third report of the State geologist
on the ¢t Mineral industries and geology of certain areas” needs
1o further comment, save by way of comparison of analysts.

The next field of importance although lying in the extreme
northern part of Washington County is found on Woodbury
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Mountain.  While this area has been discussed somewhat in the
past, new facts have been brought to light that have never been
published.  The author first visited this area with Prof. Hitch-
cock in 1895 when I measured blocks one hundred feet long and
seven feet deep without seam or flaw. Itis doubtful if a larger
shaft can be obtained at any quarry in the world than upon this
mountain.

The Woodbury Granite Company is one of the largest and best
in equipment of any kindred company in the United States if not
in the world. Through the kindness of Mr. George H. Bickford,
its manager and the president of the Hardwick and Woodbury
Railroad, I have had many excellent opportunities of carefully
examining both the quarries on Woodbury Mountain and the pro-
cesses used in the manufacture of the stone. The granite is
situated six miles south of the village of Hardwick and is reached
by a railroad owned and operated by the Woodbury Granite
Company.

The quarries are situated upon the brow of the mountain where
a 300 foot working face is easily obtained. The adjacent valleys
furnish an excellent site for the disposal of the grout for the moun-
tain is a residue of erosion and nearly surrounded with deep in-
cisional valleys in the Waits River limestone. The quarry is en-
tirely open cut work and the stone is not surpassed by any in dura-
bility, permanency of color, beauty when polished, ease of work-
ing, and seldom in resistance to compression. Its remarkable
freedom from all accessory injurious constitutents renders it a
special favorite for such constructions as the pedestal of the Sher-
man monument ia Washington, the new Pennsylvania State
House at Harrisburg, and the Rock Island Railroad Station at
Chicago.

Inasmuch as the granite on the crest of the mountain owned
and operated by the E. R. Fletcher Company possesses the same
general characteristics and in fact is the same main stock it seems
advisable before taking up the analysis to note the work of the
company. Whatever the Woodbury Granite Company quarries
can yield, the Fletcher quarries can duplicate save the height of
the working face and the ease of working the stone.
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No town in Vermont or the United States is more depend?nt
i ite i v Hardwick. Without it, the thriv-
upon its granite industry than' 1 ot H e
ing village would cease to exist as such an o.n y v Twel:e
would mark the site of the presem.: prosperous town. pelve
hundred men are employed in the industry. The n—mn’ I y 1t )_:]t
roll of the two Companies exceeds $50,o?o and thé anm}x\a ;)\1/1 10d-
of granite $1,250,000. Tour-fifths of this comes from the Yo
bll;ill’lillintlliz ?l?::of Bethel in Windsor County 1i<?s entirely oult-'
side the area of this report, I beg leave to call a‘tt.entlf)ri :\O the on )_
known granite of its kind. Not on accou.nt'ot 1ts' Stlll 11{1g. peoc;-
liarities, but because its chemical analysis is avalla; é 1 ox\Vc "
parison and because it is in part owned aud operated by t]e. l ?-O‘
bury Granite Company and worked both at Bethel and Hardw 1(::{.1
The Ellis Company, of Northfield, also opera?es t}ﬂe Szlimlelge“ntelmr
stock, cutting the stone at their large sheds in Northfield, rathe
thzi;hl: :?Iit;iilg. peculiarity of the Beth‘el granite is the. uvtte; ;;1?-
sence of a pigment in its essential Constltuents., the Pauc;:) O\Vi:};
cessory minerals, and its unexpected Compress‘:onfstl‘en‘gt‘t .asm i
only a few dark blotches occasioned by sca.le.sﬁ.o :nca }1 aosumes
a whiter appearance than any known granite, m‘ dlct }V 111"m .
nearly all marbles, even the yellow waxy luster of the fba umland
totype of our own Vermont statuary marble. .['t clan‘ ‘ e c] e
carved with readiness into any form to serve huran ¢ e51b t
When polished these dark blotches become more pl"ommelnthat'le
they are scarcely noticeable upon the he}mm?red surfdce.‘ R
compared a five inch cube of this granite ‘w1th halnm.ew a (,1
with the interior of buildings painted with lead_._calbona.lte an
with zinc oxide and found the Bethel granite to ‘ bt.: the whitest of
the three. TFor the construction of massive buildings of perma-
nent white color the stone is without a peer.
Through the interest of Mr. G. H. Bif:kford I am abﬂlej to tg;rs:
sent here a copy of the chemical analysis and compression
made at the Watertown Arsenal, Massachusetts.
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Chemical analysis of the Woodbury gray granite, quarried by
the Woodbury Granite Company, Woodbury, Vermont.

Silica............. SiO, Cee ... 7075
. . Fe,O, )

Oxides of iron... ... FeOaf N 1
Aluminum..... ..., AlLO, ...15.80
Lime.............. (CaO . 2.03
Magnesia.......... MgO .. 1.35
Soda ............. NaO . 3.88
Potash............. K,O . 3.46
Loss at red heat... H.,O .35

100,32

Correct,

(Signed) E. K. MacNurr.
(Signed) F. E. Hosss,
Major, Ord. Dept., U. S. A.,

Commanding.

Chemical analysis of Hardwick white granite, quarried by the
Woodbury Granite Company at Bethel, Vermont.

Silica.............. Si0, ..... N L)
Oxides of iron.. .... g:gs} ceieiiivae. . Trace
Alumina .......... ALO, . 13.35
Lime............. CaO 2.80
Seda.............. NaO 4.52
Potash............ KO ... ... - ... ... 95
Loss at red heat... HO ................. .60

99.92

Correct,

(Signed) E. K. MacNu1r,
(Signed) F. E. Hoses,
Major, Ord. Dept., U. S. A.

Commanding.
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In introducing for comparison an analysis of Fhle %arki\,c?ferjn;t:lz
from Millstone Hill in Barre, made by G. I. ]I:Tlle ?; Sg‘;[rikingly
pages 55 and 56 of the State Report., 19oI-02, n ‘
close resemblance in the three granites.

Barre. Bethel. Woodbury.
Si0 .........69.89........72.70........7?.25
Al(; ......... 15.08 .......18.35........15.90
273
FezO3} ......... 2.50........Trace........ 2.70
FeO )
.. BE .. 1.35
lzlllagg . 2.07........ 2.80. .. 2.03
o -
Na, 0 oo 4T3 4052 3 °
K.O e 429 ... OS5 . 34
H,O 3 ~
atrro i ... .54 . 60 .35
and :
ign(i)tion : —— .......Trace
P,O, e e
99.76 99.92 100.32

By comparison of these analyses it will be seen bthz;z i};ee
Bethel granite is the most acid, the Barre the Tn%st tiz S,Oda-
Woodbury granite intermediate between the two; t 1at ¢ o
feldspar, albite, predominates in the Bethel stock a mgs oo
exclusion of the potash feldspar, not only found so abunda };
in the Barre and Woodbury granite but the common felflspar o
our New England granites, and that the oy.udes of iron ;rlz
practically absent from the Bethel stock Wblle present 11n f
others. This can be explained by the pa.uc1ty of the sca es od
mica which being complex silicate of aluml.num, m.agnesmrrll ar.l‘
iron would yield the oxides of iron in their f:hemlcal ana ysil(;
Another interesting comparison can be made in the compressl'k
tests of the Bethel and Woodbury granites. ] These tests, l1 1e
the chemical analyses, were also made at .\\'atertown Ars;antz;é
Massachusetts, by which the vastly superior strength o
Bethel stone will at once become apparent.
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Test No. 13,261,

Woodbury Gray Granite, quarried by the Woodbury Granite
Company, at Woodbury, Vermont.

First Ultimate strength.

crack. Total. Per o inches
Pounds. Pounds. Pounds.
199,000 203,500 22,460
181,000 181,000 19,850
168,000 184,000 20,110

Pyramidal fractures, Average, 20,506.

Correct,
I E. HowaRrn.

F. E. Hosss,
Major, Ord. Dept., U. S. A.,

Commanding.
Test No, 13,261.

Hardwick white granite, quarried by Woodbury Granite Com-
pany, at Bethel, Vermont.

First Ultimate strength

crack. Total. Per o inches
Pounds. Pounds. Pounds.
287,000 3 07,000 33,120
301,000 318,400 344350
272,000 388,900 31,990

Pyramidal fractures, Average, 33155
Correct,

J- E. Howarbp,
F. E. Hosss,
Major, Ord, Dept., U, S. A,
Commanding.

]
-
B
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A few compression tests of well known granites will show
‘the strength of the Vermont stone and its suitability for struc-
tural purposes: '

Strength per
Square Inch.

Hornblende granite, Bay of Fundy...........11.916
Biotite granite, New London, Connecticut. ....13.338
Biotite granite, Westerly, Rhode Island........ 16.077
Biotite granite, Vinal Haven, Maine,........ .. 16770
Hornblende granite, Quincy, Massachusetts. . .. 16.750
Biotite granite, Barre, Vermont...............19.560
Biotite granite, Woodbury, Vermont, .........20.806
Biotite granite, Milford, Massachusetts........22.610
Hornblende granite, St. Cloud, Minnesota. . ...28.800
White granite, Bethel, Vermont..............33.153

The Bethel granite shows a strength in.resistance to com-
pression more than twice that of the beautiful Westerly, Rhode
Island, stoneand vastly superior to that of any other known
granite. Special attention should also be called to the fine
light granite of the Northern Granite Company of Hardwick.
The granite is in Hardwick rather than in Woodbury and from
it more than fifty fine statuettes have been cut. The same
company operates the quarries at Mackville one mile east of
Hardwick village. A considerable guantity of granite is also
found 'on Buffalo Mountain to the west of Hardwick. This
latter intrusive is not in the Washington limestone but in the
pre-Cambrian terranes.

The next field of importance is in Kirby about five miles
north of West Coxfcord, not so much from the annual output
and the number of men employed as from the striking resem-
b_l:a:nce of the stone to Barre granite and its universal applica-
tion. Several quarries have been opened within the past two
years, One of these is shown in Plate XXXI, where the length
and thickness of the upper beds can be readily seen. This
photograph was taken at the new quarry of the Burke Granite
Company. The photograph does not do justice in any way
to the quarry. Last summer the author found a large area
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uncovered and sheets many times thicker and larger than can
be hauled down the mountain side ready for quarrying.

The work is under the management of Joseph Welch who
will open another large quarry this summer to the north of the
one represented in Plate XXXI. A part of this stone is cut
at West Concord, part at St. Johnsbury, and a part shipped to
local cutters elsewhere.

A word might be offered in respect to the properties of Mr.
Kearney as they are not included in what is commercially known
as Burke Mountain Granite, 1In June, 19o5, Mr. Kearney had
several quarry sites opened up ready for sale of stock or quarry-
ing. The granite lies on either side of the road leading to the
quarries of the Burke Granite Company on Kirby Mountain. A
small brook runs between the places now uncovered as quarry
sites. There exists also an easy disposal of grout, The granite
is of good grain, even texture, comparatively free from iron and
black knots, Like other granite around Kirby Mountain it is sus-
ceptible of a fine polish. It affords an excellent opportunity for
investment, for the stone is unlimited in supply, and situated only
four miles from West Concord, where it finds a ready market,
selling in the rough at sixty cents per cubic foot.

The granite of Blue Mountain is a dark biotite granite suscep-
tible of a fine polish and extensively used. The pay-roll for cutters
alone is $350 per diem.

In Groton a large mass of fine grained biotite granite has been
irrupted in the Washington limestone. ‘The stone seems to be
growing in favor each year for both monumental and structural
purposes. The largest quarry is situated just south of the village
of Groton from which more than 2,000,000 cubic feet of stone
have already been taken,

About thirty years ago a granite site was discovered and a
quarry opened in Derby, Vermont. For a quarter of a century it
met only a local demand, The permanency of the stone was re-
assured by recent inspection of shafts and monuments so long ago
removed from the quarry. About four years ago the Newport
Granite Company was formed with offices in Newport, Vermont,
and Albany, New York, under the presidency of A. A. Flint,

Prare XXXIL

Fig 1.
Feldspar Crystal, Cabot, Vi,

Fig2
Craftsbury Granites




REPORT OF THE YERMONT STATE GEOLOGIST. 107

and the quarry management of George Farquharson. The sup-
ply of this stone like that in so many other localities is inexhaus-
tible and like the other high grade granites it lies in the Washing-
ton limestone. For permane:;cy and evenness of color the stone
is not surpassed by any quarry in New England. As the output
has been estimated by Mr. Farquharson as $go,000 for 1gob, we
may expect even a much larger and more profitable 'mdum
the future.

At West Danville there lies the possibility of another large
granite industry, St. Joseph’s'Lake as already noted elsewhere is
four miles long and one mile wide. At its outlet where the
granite sheds are situated, the available water power can scarcely
be surpassed. Many excellent quarries can be opened up within
five miles of the lake. The best of these is in Peacham about four
miles southwest from West Danville.

In Cabot just at the head of St. Joseph’s Lake there is a very
peculiar pinkish white and tough granite on the farm of Asa B.
Mack. It is noted for its close resemblance in certain localities to
the famous cassiterite bearing greissen of Cornwall, England, and
in hand samples to lepidolite.

The feldspar has been largely replaced by quartz, and biotite is
entirely absent. The scales of mica are white or pink and ex-
ceedingly small, The feldspar when present may be albite. In
fact it is so fine in many sections that a microscopic slide would be
necessary to determine its nature.

Associated with this fine grained variety are some exceedingly
coarse phases. It carries crystals of feldspar that have assumed
large proportions. A single crystal of albite, the sodium feldspar,
exceeds four feet in length and two feet in thickness. Plate
- XXXII, Fig, I, represents a fragment of such a crystal lying by
 the roadside. In this albite there ave intergrowths of orthoclase,
the potassium feldspar. The cleavage of this mineral is so highly
 perfect that many fine hones have been fashioned from it.

‘On Miles Mountain to the north of Miles Pond can be found
‘hundreds of acres of good quarry land. Two distinct varieties of
‘Rranite can be obtained, one light, the other exceedingly dark, in
fact it may be designated black granite. In the former variety the
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mica is biotite and the orthoclase a pure opaque white. This

property is largely owned by W. L. Hastings of Miles Pond. [

H. Brown has several acres of granite lying within one mile of
the railroad in sheets with perfect ritt and cleayage. The stone
ought to be worked with good profit. The black variety isone of

the handsomest granites ever seen in Vermont.

It has often been said that no red granites exist in Vermont,
Perhaps they do not in considerable quantity, The largest ex-
posure known in the State is in Newark about fifteen miles from
‘West Burke, ten miles from Island Pond, and on land owned by
Charles E. Silshy of West Burke: A long ledge of granite is
here exposed to view, sometimes rising 155 feet with vertical face,
and a 400 foot working face could be easily obtained. It is in this

ledge that in 1905 I found Vermont’s red granite, The rock is
strikingly suggestive of famous Scotch granite of Peterhead, and
may well be used in place of it. The feldspar in part is red and
in part white. It is susceptible of a fine polish and so far as can
now be ascertained permanent in color.

The red variety has been reported from the west side of the
mountain also, Its distance from any railroad is the one great dif-

ficulty in way of the rapid development of a good industry in
Newark,

Another granite demanding more than a passing notice is
found in Craftsbury just east of the village. It has found its way
into more museums than any other granite of the State. It is
noted not for its economic uses but for its peculiar orbicular
structure. Large concretions of biotites are thickly scattered
through the rock mass; so suggestive are they of fossil fruits that
they have been catalogued ¢‘petrified butternuts.” Plate XXXII,
Figure 2, represents the black face of such an orbicular granite,
This peculiar granite has been reported in much smaller areas as
far north as Stanstead, Province of Quebec, and as far south as
Northfield. Erratics have been transported many miles by the
ice in a southeasterly direction even over Wheelock to South
Wheelock already noted elsewhere. The granite has been thor-
oughly discussed by Dr. E. Hitchcock on :pp. 563-365, Vol. II,
Geology of Vermont, 1861. Kindred varieties have been found
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in Rhode Island, North Carolina, Finland, Sweden and Sar-
dinia. .

Space forbids the mention : :
found in northeastern Vermont,
: he present time as in Irasburg, Sale'm and
ing of the area I trust will bring all

of scores of other localities where

i and in several instances
granite 1s

where it is worked at t
Norton, but the detailed mapp :
of these to the attention of the general public,

b. Gneiss.

Gueiss differs from granite only in th'e parallelism lof d:ts ac;
cessory mineral which may be either mica, .01' hornl:.erf e;O:
both. The commercial world scarcely recognizes the bnstmc ;en:c
Parallelism may not be detected in hand samples but be alizlpiam.
in the quarry face so that the curator of a .mu.seur: w;;;d e
logue his sample granite, while t.he geologl.st mh the t;asses e
label it gneiss. Tn fact by insensible gradation the one ¢
i E]ii: t;:z:r;ites gneiss may be developed either from. the r.:et:;
morphism of sedimentary rocks through hezlt‘ ar.ld plef;\:; e
from igneous masses. The origin of the gneiss in norC ik
Vermont is doubtless the latter. One area flanks the ok

cut River in Maidstone and Guildhall and appears also in Watler-
ford. Before it can be accurately discussed it 'needs f:ilrthl:-
study. It may be the same as the large area of gneissaround be

10":;5 sp;ilti:;i locality entirely different in color and character of thle

quartz is found in Concord, one mile north of North Co!:cord. il:

is a highly metamorphosed and comort:?d rock, ldzeu’ glr:lyla 3

color, with its scales of biotite arranged in perfectly par: A y

ers, How far this belt of gneiss can be traced to the north is un-

known.
e. Dikgsa

: : and”
The intrusives of northeastern Vermont are numerous 8
They range from the strongly acic

. ver large areas.
sometimes co g When the term pegma-

pegmatites to the strongly basic diabase.
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tite is considered in its older sense, namely that of a graphic
granite, it finds a most excellent representative in Westmore at the
foot of the perpendicular cliffs of Mt. Hor. Here the true
graphic character is well established, The quartz is quite abund-
ant, and closely resembles the arrowhead characters of Assyrian
inscriptions, while the crystals of feldspar are large and per-
thitic. It may have been intruded in connection with the closing
phases of igneous activity. Time forbade the study of its relation
to intrusives of the earlier stages.

When the term pegmatite is considered in the light of the Jater
years as applied to coarse veins of granite with large crystals of
feldspars and micas predominating, many occurrences are found
in nearly every town. They traverse the preceding formations
in all directions. Their detailed study presents a very interesting
problem.

Diéorites,—These granitoid rocks are more numerous in the
older pre-Cambrian series than in the Ordovician. They range
from the normal diorites, consisting essentially of plagioclase and
hornblende, to the quartz-mica diorites. The former variety is
far in excess of the latter and is well distributed throughout the
eastern area. The latter finds a peculiar and intensely interest-
ing rock mass that needs further study in the vicinity of Miles
Pond. The mica is brown biotite and the hornblende is both
brown and green. The ground mass is highly altered and the
rock weathers with a peculiar pitted surface.

Gabbros.—Gabbyos are very numerous within the area. Some
of these are fine grained granitoid rocks as in Barnet while others
are extremely coarse as in the second railroad cut below East
Barnet where it is sixty-six feet wide and extends several miles
in a northeasterly direction strikingly suggestive of a batholith.

Diorite Porphyfa.—A considerable area of this igneous rock
is found in Essex County cutting the highly metamorphic pre-
Cambrian schists. The green color and bladed structure of the
hornblende suggests a secondary origin, while the phenocrysts of
feldspar are greatly decomposed.

Diabase.—Dikes of diabase are common both in the highly

Prare XXXIIL

Fig 1.

ite. Concord, Vi.
d eruptives cemented together by granite, Concord,

Brecciate

Fig 2.
a porphyritic diorite, Lounenbur

ite i 2, Vi.
Veins of granite in



REPORT OF THE VERMONT STATE GEOLOGIST. I11

metamorphic and the limestone series. By their peculiar compo-
sition some of these suggest cord wood, others what is known as
the onion structure, where they cut the limestone in a vertical
position. Sometimes they run east and west, sometimes north-
west and southeast but always at sonie angle with the strike.

Sometimes they are amygdaloidal and of the camptonite order,
with large phenocrysts of hornblende. In Newark the augites are
completely altered to chlorite and the feldspars much kaolinized.

Perhaps the most interesting of them all is the very handsome
dike of amygdaloidal diabase in Westmore which cuts the Wash-
ington limestone and is completely studded with crystals of cal-
cite.

Porphyrite.—Another basic igneous rock often appearing in
the schists should at least be mentioned. It is so highly altered
that little can be said without further study as to its original struc-
ture, The manganese and iron constituents are wholly altered and
the typical feldspar unrecognizable. The white phenocrysts are
set in a grayish and sometimes greenish background as at Bolton-
ville.

To settle the age of these irruptives and their relation to each
other will require further study. Some of the diorites and por-
phyries are younger than the granites. Plate XXXIII, Figure 2,
shows a large number of granite veins penetrating a highly met-
amorphic diorite in Lunenburg. In Concord these more basic
irruptives have been shattered in angular fragments and cemented
together again by granite as seen in Plate XXXIII, Figure 1.
Often large fragments of diorites and gahbros are found complete-
ly encased within the granite, therefore they must be younger.
This, however, does not prove that there are no intrusives younger
than the granite.

CLAYS,

As T have already noted under the caption, Glaciation, the
area considered in this report was subjected to an ice mantle in
Pleistocene times. Beneath the ice and in its lowest portions
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various kinds of rock were ground to an impalpable powder
which now consist of a hydrated silicate of aluminum bearing
both mineral and organic impurities.

Scarcely a town exists in this northeastern section that is
without 1ts brick houses and its old brickyard. Inquiry has led
in every instance to the definite statement that the bricks were
manufactured from bowlder clay within the town. The comeli-
ness of these dwellings testifies to the highly ornate character
these home made brick now possess. While the most of these
yards have been abandoned because timber was cheaper, yet a
few remain and their products find a ready market. The largest
of these is in East Ryegate owned and operated by Mr. M. H.
Gibson. The brick are of a high grade and are shipped to the
largest cities in New England.

Two small and less extensive plants are located at St. Johns-
bury Center. These are operated by Alfred J. Rioux, who
employs about a dozen men. The present capacity of the yards
is 250,000 bricks worth from $6 to $7 per thousand, these are

of permanent bright red color and have been shipped mostly to

St. Johnsbury, Barton, Newport, Vermont, and Berlin, New '

Hampshire. The modified drift of the Connecticut, the Pa-
sumpsic, and the Black River Valleys, furnish an abundance of
high grade plastic clays well suited for structural purposes.

PALAEONTOLOGY.

The discussion of this problem is so complete in the State
Report for 19o1-1902, pp. 94-99, that it seems inadvisable to
take up the matter again in detail at this time. The author
regrets that in the four years that have elapsed since the above
report was issued no new light from the discovery of fossils can
be thrown upon the problem. The Canadian area to the east
of Lake Memphremagog, Lot XIX, Range II, has been visited
with the observance of a goodly number of graphtolites in the
black, clay slate that is lithologically identical with the Mont-
pelier slate. Ifthis belt of slate passes under Lake Memphrema-
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og then it appearé at Newport and should yield graphtolites.
idiligent search around the lake will, I think, as soon as an
opportunity presents itself, reveal these diagnostic features in

Vermont. '

A few more crinoidal stems have been fo?nd in Salem, on
Salem Mountain, a few in Derby, and a few in St. Johnsbury,
but their geological range is so great that they fail tolthroc\lavfne;;r
light on the problem. Insamples the author'has collected fro
Salem Mountain, Prof. C. H. Hitchcock thinks he sees slg)me
resemblance to fossil corals. In a fragment of the Iras ur% |
conglomerate there is some evidence ol a fragment of Fagsﬁ;s
reticularis. It is a suggestion—1I can say no .more for it. In
Westmore inthe Waits River limestone there is alsoa .sugges-
tion of some species of StrophodoTlta. Althou.gh it may
represent a cavity subsequently filled with pure calcite. ;

These evidences give no positive proof whatever and we are
thus driven back to the contiguous Canadia}n flreas for pgl&on-
tological arguments and to lithological sirfnlarlty of cont;gt;ouz
areas, to determine the true stratigraphical position of thes

erranes. .
hefiif;?ienogufhz Canadian diagnostic evidence. as conclustlee tl;e
uppermost members are Lower Trenton. ThlS. .does no 11n.1p y
that the lower portions of the great body of Waits River ime-
stone might not be older than Lower Tre'nt.on. Its form'atlo(rir
may have begun early in the great Ordovician Sea, con.tmue )
without unconformity, and ceased with the great continental

i f the Ordovician. .

upzl;it jlitte};:;tlolf:sobeen made to correlatfe this area w.lth1 tl?e
Piedmont region in Maryland. The evidence 1s entirely 13
favor of a much younger series of rocks than. those repres.ente

in the southern field. The distance of 550 miles from Baltn.nore
is too great to allow lithological simila}rlty much weight.
While lithologically the Baltimore gneiss and th‘e Sztte}:s
quartzite with its stretched tourmalines may be d‘u;.)llcate ) .t e
Waits River limestone is devoid of the characterlstlc'tremolltes
of the Cockeysville limestone. No evidenﬁ:e of fossils has yet
been discovered in this southern field, while a few have been
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The following paper is a report by Mr. G. E. Edson, of St.
Albans, upon his investigations in and about that place. For
some years Mr. Edson has very diligently explored the area des-
cribed and it is quite safe to say that no one else has collected
anything like so complete a series of the local fossils or has so
complete a knowledge of the geology of the region.

For two years past the author has been acting as field assistant
and it is believed by the Geologist that the following pages will
be found to contain much valuable information as to the fossili-
ferous beds of that portion of Franklin County which has been
studied.

Inasmuch as such widely famous localities as the Parker Ledge
and Highgate Sandrock are in thc Cambrian as is also much of the
territory investigated, Mr. Edson has prefaced his report by a
history of the Cambrian, especially as far as this is connected with
Vermont geology.

The paper consists therefore of Part I, HisTorICAL SKETCH
OF THE CAMBRIAN AGE AS RELATED TO VERMONT GEOLOGY
and Part IT, THE GEOLOGY OF ST. ALBANS AND Vicinity.

Although Mr. Edson’s first paper consists largely of matter
that has been published elsewhere and is therefore a compila-
tion, it presents in a concise form facts not easily within the
reach of most of the residents of this State. It is also eminent-

ly fitting that such a historical sketch should appear in a Ver-
mont Report.
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Part L

Historical Sketch Of the Cambrian Age as Related
to Vermont Geology.

G. E. Epsox.

Under the title ¢ Organic Remains in the Quafrtz Rock,” mf
Vol. I, page 356 of the Report of the Geological Survey o
Vermont, 1861, it states: '

<« Several species of fossils occur 1n the 'quartz rock.‘ The.:y
are a species of Lingula, a mollusk resembling the Alodiolopsis,
a straight chambered shell, Scoléthus linearis (Hall) and a few
fucoids. * * * * o '

The Lingula is from the north part of the principal rangEeMof
quartz rock in Starksboro, near Rockville, at the ‘ house ;[ ;
Hill. The locality was discovered by Henry Miles, of Monk-
% inal remains

The ¢ Modiolopsis 7 chambered shell anc'l encrit "
were found in hyaline quartz on the west side of Lake Dun-
more.”’ .

In 1859, Noah Parker, a resident of the town of Georgia,
Vermont, called the attention of the Rev. Zadock Tho}:npsc;z)l
to fossils found in the shale on his farm, who sent tde;rtll
Professor Hall, who in 1859 described thern. and referre? fern
to the Hudson River shales, subsequently in 1860, this refer-
ence was changed to the Quebec group. '

On page 367 of the above volume referenc? 1s mafle tc;
““Fossils of the Georgia Shale.”” The follo.wmg spe.CIeVsio_
organic remains have been found in the Georgia slate 1n Ver-

mont. Rarrandia Thon dsoni, (H,all‘) B. Vermontana (Hall),

\
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Bathynotus holopyga, (Hall), Graptolithus Milesi (Hall.)
The trail of an annelid and unknown species of fucoids.”’

On page 372 of the same report, in giving description of
Graptolithus Milesi, found in the Georgia shales, Prof. Hall
says, ‘“ The specimen from which the figures of this species were
derived, is part of a bowlder of Georgia slate, picked up in
Monkton by Henry Miles. It was discovered almost twenty

years ago, but had not been carefully examined before by any
palaontologist.

The bowlder was probably derived from the Georgia slate,
either in Georgia or St. Albans.”

An appendix to Vol. 2 of this report named on page o942,
under the head of ¢ Some new or little known species of Lower
Silurian fossils from the Potsdam Group (Primordial Zone)
by E. Billings,” a list of new species is given which contained
many from the Straits of Belle Isle and a few from Vermont,
that were discovered by the Rev. J. B. Perry and Dr. G. M.
Hall. These gentlemen were engaged in making a caretul
geological examination of the rocks and fossils of their neigh-
borhood. The following fossils were found one and a half
miles east of Swanton: Palacopliycus incipiens, Obolella cin-
&ulata, Paradoxides Vermontana and L. Thompsoni; these
fossils were found in the black slate, conformably interstrati-
fied with the sandstone and magnesian limestones, which con-
stitute the principal mass of the formation. Mr. Billings noted
the fact that the four above named species were the prevailing
forms of that formation and as they are the most abundant in
the Jimestones of the Straits of Belle Isle there can be little
doubt that the two deposits although eight hundred and sixty
miles distant from each other, are of the same age. He also
says the occurrence of Sco/ithus linearts, and the general aspect
of the fossils, also show that those rocks must be very nearly,
if not exactly, in the same geological horizon with the Upper
Primal sandstones and slates of Pennsylvania.

The brachiopods Obolelia cingulata, Orthisina festinata and

Camerella antiquata were also found at the Swanton locality by
Dr. Hall and Rev. Mr., Perry.
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t
3. of the 1861, Vermont Report,
foot note on page 943, : r
o %illings says of the brachiopod Oéale//a- cmgn{ata, ;
lI:/Ir. examined many casts of the interior of this spfemesfan
e . - . .
av'nclined to the opinion that it 1s generlcally_dmtlnct rom
i)nbl l/ lla chromatica. * * * Should, upon further examli
L€ .
ination, my suspicions turn out to be well founded, I shall clz’ist
‘trlia gen,us Koturgina, after the celebrated European naturali
e
KO};‘l;ll—lgral;ew Trilobites were also found Conoceplialites Adamse,
by Perry, Hall and Billings, in the Potsdam group about a
mile and a half east of Highgate Springs. ) .
Conocephalites teucer, in the Potsdam group at the Swan
locality by Perry, Hall and Sir W. E. Logan. N
i 5 the
Conocephalites vulcanus, Wwas found in the same beds as
Conocephalites Adamsi. . -
Conocephalites arenosus, Was found by Mr. E. Blll;r'lgs mfxone1
thin-bedded sandstone by the side of the road1 le'a ;;gh "
' i ' 's Mills in Highgate,
’ St. Armand to Saxe’s Mi gate
Moore’s Corner 1n : '
Vermont. about one mile south of the Province line. This
sandstone was considered to be of the chsdam'c groltzli; e e
lix of the Report, ur
On page 950 of the Appenc '
“ Crusﬁafeag’a’ Paradoxides Vermontana was referred to as bemg
b
found in the limestone of Anse au Loup, and that ?hey seeme
more abundant there than Piradoxides T/zompsi)/‘u. .
The genus here referred to as Daradoxides 1hompsont w;s
first given the generic name of Olenus by Hall 1}2 1859. W iz
i i Barrandia. mmons
afterwards, in 1861, changed it to - ; :
1860. and Barrande in 1861, used the generic name /’a aa’zxz:{iis.
A fo(’)t note on page 950 of the Vermont Report, 1861, re-er th
to the generic name of this species is as follows: 'I6n a ?}(l)isCh
script to the 14th Regent’s Report, dated October, 1861, w

ing sheet, Professor Hall
I have seen in the form of a single loose sheet,

. ‘s to
proposes to change the generic name of these species

Olenellus. 1f the genus should turn out to be diStlI:l’Ct from
Paradoxides, I shall be most happy to adopt the name. et
“On page 338, of the Vermont Report, refere.nc§ 1s ma 5
the series of rocks lying in the town of Georgia in Franklin
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County.

Haven slate or Castleton slate, because it is a purely geographi-
cal designation and has no reference to the economical value of

the slate.”

Two reasons may be given for the preference of Georgia.

1. The whole of the group is developed in the town of
Georgia, butis not in either of the others mentioned.
“ Itis a rule of geological nomenclature, that the whole series
of rocks be developed in the town, mountain, or along the river
from which the name is derived.

2. Nowhere but in Georgia, in Vermont, are the character-

. istic fossils of the group displayed. They have as yet been

found only in the New York portion of the southern terrane.
The geological character of the group is best developed in
Georgia and we are therefore compelled to use the name of this
town in describing the slate geologically.
The Georgia slate includes all the following varieties of rock:
Clay slate.
Roofing slate.

Clay slate approximating to micaceous sandstone.
Various kinds of limestone. -
Brecciated limestone.

Conglomerates composed of pebbles of limestone.

Although Dr. Emmons began the study of the Taconic area
in Berkshire County, Mass., he extended his investigations into
Bennington County, Vt., and to the west, into Washington
County and Renssalaer County, New York, and as the Taconic
system must include the Taconic area, which trends throughout
Vermont on its western border, the ¢ Georgia Group ’’ must,
consequently, represent a terrane under that system.

Inthe summer of 1844, Dr. Asa Fitch, discovered fossils in a
black shale in Washington County, New York, which was refer-
red by Emmons to the Taconic slate or ¢ Argillite’’ of Eaton.

Dr. Fitch sent the fossils to Dr. Emmons, who described

from them two species of trilobites, under the names of Atops
trilineatus and Elliptocephala asaphoides.

DN BB D~

The name Georgia Group, or Georgia slate, is given
to this group of rocks rather than to any other, such as Fair

0

—

REPORT OF THE VERMONT STATE GEOLOGIST. 12I
These are the first two discovered species of the Olcnellus
fauna. ' ‘ |
In the Vermont or Lake Champlain area, Prof. C B}; Ada::l
s -
in 1845, described the occurrence of roofing slate in 1t e so "
v ’ i thefaconl
: ' i 7 t, which he referred to
western portion of Vermont, :
slate of Emmons, without further attempt to assign them to a
eological horizon. ' . ) .
¢ In 1847, he mentions it in his studies of the < Red Sar?dlzolg 9
’ . . . .
and noticed the discovery of fragments of trilobites, w hlcd . r ;
1 ‘o
Hall identified as Conoccphalus. He 35.51gn'ed t'he hReM Z?na
rock ' to the Upper Silurian, correlating it with the Me
sandstone. o .
Dr. Emmons corerlated the Red sandstone w1t.h the I?ottsdalir;
sandstone and Calciferous sand rock, and conmderec}l{ »1tMoun
conformably superjacent to the Taconic slate at Snake Mo

. tain and at Sharp Shins near Burlington, Vermont.

Sir William E. Logan, from the enclosed fossils discovered

in the dark shale of the"%}eorgia_mggo_gp, assigned.th.em to Otlllle
upper part of the Hudson River Group, or a distinct group
above the Hudson River Group. .

In 1847, Prof. James Hall identified the shales of the Georgla
Group als’ belonging to the Hudson River Group or Lorraine
shales. ~ )

In 1861, Mr. E. Billings noted the correlatlgn of the Rei
sand-r;ck” with the Medina sandstone, and assigned thle;rilgfos
palaeontological evidence. to the Potsdam group. Mr. hl i;lglo,
also corrected the statement of Professor Hall, thz}t t ::errane
bites of the Georgia slate were from the Hudson River rave .
and referred them to the Primordial or Ijower Potsdam, .

>rri hem to the Cambrian formation. ) .
tralr:f:;z;g ;’reo?l C. H. Hitchcock identified the W inooski
marble o{’Vermont, with the Red sand-ro.ck and 1stateld t:rzt
Glenellus #hompsoni occurred in the superjacent s aft} aziy the.
In a historical review of the rocks of Vermont, he re .erre e
black slate, Georgia slate, Red sandrock and quartzite to
Potsdam group. ‘ ' .

Prof. Jules Marcou studied the Georgia slate and the Re
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sand rock series in Northern Vermont. { It is doubtful if he ex-
amined the typical Taconic area, andﬂ"upon such examination
referred the Georgia slate to the Taconic of Emmons and the
Red sand rock to the Potsdam sandstone.

So varied were the opinions of the different geologists who
had studied the Taconic range in the State of Vermont that it
became necessary to make a thorough investigation of the
work included in the ¢ Taconic System '’ and in that way if
possible, give value to the name Taconic in American geology.

The American Journal of Science, Vol. XXXV, pp. 229-242,
1858, contains an article by Chas. D. Walcott, under the title,
‘“ The Taconic System of Emmons and the use of the name
Taconic in Geologic nomenclature *’ from which the following
abstracts are taken.

*“ The Taconic System of Dr. Emmons as it is developed in
Berkshire County, Mass., was composed of five different rocks.

I. A coarse granular limestone of various colors which I
have denominated Stockbridge limestone.

2. Granular quartz rock, generally fine-grained, in firm,
tough, crystalline masses of a brown color, but sometimes white,
granular and friable,

3. Slate which for distinction I have denominated Mag-
nessian slate,

+ Sparry limestone, generally known as the sparry lim=
rock.

5. A Slate which I have named Taconic slate, and which
is found at the western base of the Taconic range, It lies
adjacent to the Lorraine or Hudson River shales, some varieties
of which it resembles.

Dr Emmons founded the ‘¢ Taconic System,” under the
belief that it was composed of olderformations-than those of the
New York Lower Silurian, the base of which was the well
known Potsdam sandstone. In the Memoir of 1842, he says;
““But I have at the head of this section asserted that the slates
and masses of the Taconic system are not related to, or con-
nected with, those of the Champlain group. By this I mean
that they are not the same rocks in another condition.”’
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Acain he says, ¢ They are to be considered, howeve.r, alls
ai R d, b
fugrnishing us with a knowledge of that state which 1mn;led1a$elar
M M 1 e
receded the existence of organic bemgs. After furt erlation
ftudy his views became more positive in regard to the' ‘ri ion
of the Taconic to the Lower Silurian rocks. H’; says; g
1sti sonic . Syster
tinct ground that the Taconic
take the broad and dis  Tacome. Sysien
i ition 1 ior to the Champlain divisio
ccupies a position inferior e C ivis
?\I pYork system, or the Lower division of the Silurian system

ew ,
of Mr. Murchison.” . -

In 1856 Dr. Emmons divided the ¢t Taconic System mtot af}
upper and a Jower division, he called the ¢ Granular Qu;r Zth
the basal member of the Paleozoic sediments on the Nor
American Continent. . ' -~

He describes its occurrence in Vermont and }flollowsﬂllt, wtletrn

i eas
i 1 Massachusetts into the mnor
out i1nterruption, across N
York, and also sout
art of Dutchess County, Ne%w R ‘ ' R
l:1;utnam and Weschester Counties. The stratigraphic pbosmcixll]
. . a
was determined by its relation to the crystalline rock bene

and the superjacent strata, as no fossils were known by him

ation.

froget:(fnfsci)gzed the ¢ Lowe__r_’I__‘aanic"’ to be composled ofut::;e
non-fossiliferous pre-Silurian formatlons—"" Granular qu ,Con:
Stockbridge limestone and Talcose §1ates, .that ;ve;:a&n on
formablynsuperjacent to the crystalhn'e gneisses ;3 ‘ in, e
conformably subjacent to a great series of slat%1 0 rjb-fcent
¢« Upper Taconic,”’ that in turn were unconfgrma y sP isdam
to the lowest of the Lower Silurian formation, the FPo
sandstone. -

Dr. Emmons correlated the ¢ T_acogic Systvertn ” f\v1;}‘17t}‘11re1
Cambrian system of Sedgwick, in ‘hls first memoir ob 1e 4u.i,va-
the following words: ¢ The Taconli‘rocks ap‘pez}_r.fok e qd Ve
lent to the Lower Cambrian of Professor ‘bedgwm , an t
alone entitled to the consideration of belonging Fo t.hlS Sysst::ll,
the upper portion being the lower E)art of the S11{1}r1ir;dsystate;

In the year 1886 Charles D. Walcott of the | r(lj ed States
Geological Survey, began field work O]l.’l t}?e so. calle | eome
System,’’ of Emmons. Previous to this time in the field ¢
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©of 1883-4 he had studied the Upper Taconic strata of northern
Vermont,

He found upon examination of the fossils alluded to in the
¢ Geological Survey of Vermont,” as being found on the west
side of Lake Dunmore that the straight-chambered shell was
a cast of Hyalithes communis, a Cambrian species.  And that-
the Lingula of Starksboro near Rockville was Nothozoe Ver
montana, also a Lower Cambrian species. '

Prof. H. M. Seely of Middlebury College, who found in
«quartzite bowlders on the west side of Sunset Hill, near Lake
Dunmore; Notiozoe Vermontana and a species of H_yaliﬁz";:v
<losely resembling 27, cominunts, also the head of a species of
trilobite undistinguishable from Olenellus Thompsoni of the
‘Georgia formation in Franklin County, Vermont. He says ‘I
visited the Lake Dunmore locality in company with Professor

}éSccly, and found fossils in rounded quartz bowlders, but the
‘quartz ledges in that vicinity gave no traces of them.

As all of these fossils had been found in quartz bowlders,
‘which had been transported by water or other means to the
locality where they were found and as a close examination of the
rocks in that vicinity had revealed no fossils, they became of no
value, or aid in solving the problem under consideration.

The Woodford locality was too indefinitely described to be
found, but as transported bowlders afforded me Nothozoe and
‘traces of trilobitic remains, similar bowlders were probably the
source of the specimens mentioned. In Sunderland, east of
Arlington, on Roaring Branch, Scolithus occurs 'é.bundantly in
situ, in quartzite; and angular blocks of quartzite were found,
one mile up the ravine, that contained Hyalithes and fragments

of trilobites; but they were not traced to the beds from which
they were derived. Two_miles east of Bennington, however,
success attended my search for fossils in situ._‘;fﬁe'_‘; occurred
on the old Week’s farm north of the old Windham turnpike, in
light colored quartzite, the fossils consisting of Nuthozoe,
Hyalithes and Olenellus.’
“‘As a result of the finding of these fossils in situin the quartz-
ite east of Bennington the fossiliferous bowlders are given value,

EAtacy .
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as they were probably distributed through the ;/aliey t?estel;i
west during Quartenary time and by the floods of the p
time. »

The quartzite was traced north into the- vglley (})f R\zzzi
Branch, and it is a continuation of th'e deposit on t et;le e
slope of Bald Mountain , to the south it e>'<ter.1ds glong : ot
side of the ridge leading to Dome Mountain, in Powna-, n;) o
east of Williamstown, Mass. On the wester.n sum.mlt 0 .e
mountain, towards Williamstown, the W1t.e serles.come_lg
unconformable contact with the pre-Cambrian gnl?ss, a;re
fragmen_t-é of trilobites, apparently the genus Olenellus, w
found about one hundred feet above the contz%c.t. . '

It now became necessary to trace this. fossiliferous hOI‘lZOIcll 1r(1)
the quartzite from Starksboro to Bennington, Vermo.rzlt, a; o
Dutchess County, N. Y., where Dr. Mather considere
¢« quartzite *’ metamorphosed Potsd'am Sandstc.)ne' and he t;o
called the compact sandstonc of Sti;sn;g Mountain in the north-

v utchess County, N. Y. o
wefiteZngﬁlrlt Zi:}:nination of ch sandstone 1oca1ity‘of Stl‘ssmg
Mountain resulted in the finding of Hyolithellus micans in the

imestone layers resting immediately on the sandstone and the
heads of Ol;’nellus fi'zompsom'i in the sandstone, fifty feet or
the limestone. .
mo[r;’ey:;ilto/zv:l/ﬂs micans is knowcrll only in the Georgia terrane of
' ont and Canada.
N?ﬁlzﬁ;{és:]oe;;nand marble belt that outcrop both on ‘the eas~
tern and western side of the Taconic range, from palaeor}t.o-‘
logical evidence discovered by Messrs. Wing, Dana Fa‘nd D.\\’lgtl)]t
had been referred to the sparry limestone or Upper lz.lcomc v
those writers who favored the view of the pre-Cambrian age of
the Lower Taconic.

Prior to August 5th, 1857, determinable foss%ls had not b‘een
found in the limgstone series east of the Taconic rar.xge.

At that date hé found, in the eastern limestone, 1n the town
of Pownal, Vermont, about half a mile north of the Ma.ssach'u--
setts line, a number of fossils that were weathered out In repef
on the surface of a compact, clouded marble. The collection
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gave Enomphalus (?) Murchisonia bellicincta and Murchisonia
Milleri, a fauna that belongs to the Trenton terrane,
it we can correlate the Eastern with the Western limestone,
““In September, 1887, I found fossils on both the eastern and
western sides of Mt. Anthony on the lineof strike of the Taconic
range. On the west side the limestones dip eastward and are
well exposed one mile south of the Hoosic N. Y. post office,
About 400 feet of limestone are shown in this section and wear
the upper part of it, shales appear. The shales are in their
beds alternating with the limestones at first, and then they in-
crease until the interbedded limestone disappears and the typi-
cal Taconic ‘“talcose slates "’ of Emmons are the prevailing
rock. In the limestone below the shales a stratum was found
crowded with the shells of the genera Maclurea and Murchi-
sonia, and to any one conversant with the Trenton-Chazy lime-
stones of Washington County, N. Y., both the lithology and
fossils of the Mt. Anthony limestone at this point, would prove
the geologic horizon to be that of the Trenton-Chazy. Cros-
sing the mountain to the eastern side, at a point three miles
south of Bennington, Vt., abundant fragments of crinoids oc-
cur in a dark bituminous limestone, above a band of clouded
marble. The crinoids seemed allied to Homocrinus gracilis of
the Trenton limestone of New York.

Above the dark shale there is a band of arenaceous lime-
stone upon which I noticed a fragment of an Orthoceras, an
Luomphalus-like shell and section of what appeared to be a
Rhynchonella. This limestone is lithologically similar to that
conformably overlying a bed of marble that dips towards and
passes beneath Mt. Anthony at a quarry two miles west of
Bennington Center,

and by

1 next visited the northt side of Graylock peak, a typical
locality of Dr. Emmons’. The limestone and marbles are of
the ame lithologic character as those of Mt. Anthony with the
exception of the bituminous limestone, carrying the crinoids.
Only one fossil was found that could be recognized. It ap-

pears to be the inner whorl of a gasteropod related to Zwuom-
Plalus or Maclurea.”

mons an
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«Having verified the stratigraphy .as published by D o
d Professor Dana, and having found Trenton- ‘ty
~ i 3 1 S

ils in the marble belt, I crossed the Taconic .range. to’

- in the town of Berlin, N. Y. This sectl(?n 1s a
Anthony section with the
art of the shales and

western base,

repetition of the Graylock and hMt.1 o
i iation in the low

of less alleviation 1n :

e T Continuing up the west slope of'the moun

impure limestones are met with in which I

crinoid columns, Aur-

in the limestones.
tain more or less f
found Solenopora compacta, plates o

.o e (3
chisonia gracilis. (?) ‘ . o

The fossil-bearing limestone is subjacent to,' and mterb:hiCh
with, shales that are succeeded by arenaceous 11mestonesh\'StS O,f
in tu’rn are conformably subjacent to the shales and schi

3
the Taconic range.
i mons

The next locality examined was one described by. Dr. I?lm o
as showing fossiliferous limestones of the Qham,plaln ser1;§, et
ing unconformably upon the ««Taconic schists. He studie

i und
section, where it is very much broken and disturbed, and fo
I

i ile to the
~ evidence that sustained his view. If he had gone a mile

north, he might have discovered that the sha;es iif; ucl)l(f:llllr-
formably beneath the limestone and also, that the s .
conformably above it. Fossils were abundant at a [fjoll win
mile north: northwest of Hoosick Falls, and the /10/[ ?;urei
species were recognized. So/cnopora. com}ﬁflctm ‘inZd ;
sp.?, Lituites sp.?, and Orthoceras species un.etgrrsntem . e

In the first published section of the ¢ Taconic }(’1 . ;esting
“ Shales of the Champlain Group,” are represents ;mmons
unconformably against and on the Taconic slates. ng R
gives a section of Bald Mountain, in. the tf)Wn (_) ﬁtl’;
Washington County, New York. This _sectlon was hglv'raconic
the intention of showing the unconformity between .t e Gy
slates and the Calciferous formation. The section n(l)in;i_o’r;
Mountain as given by Dr. Emmons, proved upon ixz nanon
that the strata contained a fault, and are there p.usnei Zot un-
the Chazy terrane, and that the Upper ’I‘aconlm‘f rosus s
conformably subjacent to the latter or to the (.:a c;e e
rock. About two miles north of Bald Mountain there
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; mass of limestone adjacent to the fault line and contains Orthis
i testudinaria, Strophomena alternata, Maclurea and other gas-
i teropodi, Calymene senaria and fragments of Asaplhus platy-
I ceplalus a fauna belonging to the Lower Silurian system,

‘“ Another illustration of the supposed overlap of the Cham-
plain upon the Taconic terrane is given in the American Geol-
ogy, pt. 2, p. 72. Itis in the Township of Greenbush, opposite
Albany, New York, on Cantonment Hill. There a mass of
Trenton limestone is caught on the line of the great fault separ-
ating the Champlain and Cambrian strata, as at Bald Mountain
and other places in Washington county, and also in Vermont.
The strata of the Hudson and Trenton terranes are broken and
displaced, but there is no evidenee that the Trenton was depos-

. ited upon the upturned edges of the Cambrian or < Upper
Taconic *’ slate; and, on the line of the same fault twenty miles
to the south, in the township of Schodack, Mr. S. W. Ford dis-
covered an unconformable contact between the dark-drab sili-
ceous and micaceous shales of the Cambrian and the dark argill-
acroni shales of the Hudson Terrane.

Mr. Ford kindly took me to the locality which he has so well
described, and I saw the the ¢ hade’ of the fault, the slick-
ensides on the opposing surface, and broke out graptoliter from

the Hudson shales beneath, and within six inches of the fault
line,

A short distance south the limestones interbedded in the dark-
drab shales gave us an abundance of characteristic Cambrian
fossils. ”

“Dr. Emmons’s errors are nearly all traceable to his trust in
lithologic characters of the various formations within the Taconic
area. He established the <Taconic System ™ in 1842 on the
differences in the lithologic characters of the Taconic rocks and
those of the New York ¢« Lower Silurian.”

““The unconformity between the ‘- Taconic System” and «“Cham-
plain '’ series, announced in 18442747, was primarily based on
the similarity of the lithological characters of the Calciferous
sandrock of the Lower Silurian and the calciferous sandrock of
what we now know to be, from its contained fossils, a part of

4
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his +¢ Upper Taconic’ series. Again when the latter (c;lc;faerrl;
ous sandrock of the Cambrian) was pushe'd over on to t ef .
shales or the ¢ Lower Silurian '’ on the line of the greft ;ml y
he identified the latter shales with the ¢ Upper Taconic s ébes
and thus obtained an unconformity, as at Bald Mountal'rlx,/d te-
tween the Lower Silurian and Taconic strata. He faile .1(;
recognize the fact, shown along an outcrop of a hundred mi eS
or more, that the Potsdam and, frequentl?l, Calciferous terraclll‘e
were represented in the geological sections by a sffalel unthl;
tinguishable from the shale of the Huds<?n terrane's, also t
the same conditions occur in the Champlain valle'y, in the towns
of Fort Ann, Kingsbury and Hartford, \Va‘shmgton-County.
New York, and that in several localities the Trenton l?mﬁastor'le
is replaced by shale. This explains much of the confusion 111
his stratigraphy and also, in that of Professor Jules Marcoui‘hn
.northern Vermont, who was misled in the same m:'anner. ' 1e
shales containing the Primordial fauna are usually 11tholog1ca% y
dissimilar from the dark argillaceous shales of the Lo.v‘..er
Silurian, but, as Dr. Emmons include4d t.he dark graPtohtlc-
bearing shales of the Hudson terranes within the Tacor.nc a-fjci
in the ¢« Upper Taconic,” he necessarily c.ompared and ident1 «d
the black shales of the Lower Silurian with the ¢¢ Black Slate
of the ¢« Upper Taconic.” ‘ ‘ f

In 1847, Dr. Emmons did not consider tbe two species 0
trilobites as characteristic of the true Taconic slate, but of the
overlying ¢ Black Slate,”” which he cons1d§red to be pre-Pots-
dam, from the evidence of the Bald Mountain section. o

The comparison made by Dr. Emmons between the fossils °
the « Black Slate,”” and the Primordial ‘faun'fl of Barranc.ie, in
1859 came too late to anticipate the identification of the.Prlmor-
dial fauna in the Cambrian of Sedgwick, for the Camblrlar.l Sys-
tem, as used by me, was correctly identified, paleontologically,
by M. Barrande, in 1354.

January zoth, 1851, M. J. Barrande read‘z'l paper before the;
Geological Society of France, upon the ¢ Slll%rlan Terra:relo
England.”” He presented a sketch of a section fron \dags
showing the Archean and resting upon 1it, the stages Can ,

N
prde s
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of the Bohemian section or the strata of the First or Primordial
fauna and the Second or Lower Silurian fauna. Above the
Lower Silurian the Upper Silurian is shown as resting uncon-
formably upon the latter. In this paper the Lower Cambrian
of Sedgwick is identified by organic remains, through compari-
son with the established succession of fossils in the Bohemian
Basin.”’

M. Barrande visited England in 1851 and determined the age
of the Primordial fauna found in the typical Cambrian area of
Wales before he knew of the existence of the vestige of the
Primordial fauna published by Dr. Emmons. Subsequently,
upon the evidence of Dr. Emmon’s published stratigraphic
sections, showing that he, Dr. Emmons, knew the fossils to be
stratigraphically pre-Potsdam, M. Barrande was misled into

crediting him with the discovery (in 1859) that was based on
errors of field observation.

Lendeavored to make, in 1886, an argument for the use of
the name Taconic for the middle division of the Cambrian
System, but it failed in the light of latter results of field work;
and now I think that geologic nomenclature will be benefited by
dropping the name entirely. Based on error and misconception
originally and used in an erroneous manner since, it serves only
to confuse the mind of the student, when applied to any forma-
tion or terrane. There are several reasons for the foregoing
conclusions that perhaps it is best to here state.

rst.—The name is not applicable; the Taconic range, from
which the +¢ Taconic System ” was named, is not known to con-
tain a fossil of the first fauna or a formation that contains one
elsewhere. The ¢« Upper Taconic 7 slates lie west of the range
and the «“ Granular Quartz ’* series east of it, and the range is
formed of strata of the Trenton-Hudson Terrane.

2d.—The ¢ Taconic System ”’ was considered pre-Potsdam,
on two suppositions (a) the Calciferous sandrock of the Lower
Silurian is unconformably supcrjacent to the Taconic slates on

the west; (b) that the variation of the lithologic characters of
the Lower Taconic rocks, from the New York Lower Silurian,
indicates a distinct system of rocks.” ¢\We find that the uncon-
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rs of field observation, and (b)
ks are of Lower Silurian age,
which is Cambrian

formity (a) was based on erro
that the ¢ Lower Taconic” roc '
with the exception of the lower quartmte,. :
and conformably subjacent to the Lower S11ur1?nt.hr brimordial
i iority of discovery 0 e
d.—The claim of priorty . oree
f Sna is invalidated by the fact that the fossils fqund in :
au o
Taconic slate were referred to a pre-Potsdar;q hotrlfzorinocom
i 1 hy and not iro -
interpretation of the stratigrap . '
err?nsgui'ith apknown fauna that had been stratigraphically
aris v | . :
focated in any clearly defined geologic 'sectlon. L ccientific
th.—It is only a fortunate happem.ng, and no ? clentl
in:ijruc.tion based on accurate stratigraphic or Paleonto ogblc ¥ ,heré
that any portion of the *¢ Taconic System ”' 1s f‘ound to be whe
. Emmons placed it. o .
” th.—The a?)plication of the principles stat.ed at the bffguilc
nilfg .of this paper rules out the name Taconic from geolog
enclature. '
IlO(nrllt is a rule of geological nomenclature that the whole series
i rer
of rocks be developed in the town, mountain, or along the riv
from which the name is derive ' )
6th.—The term Cambrian antedates Taconic fc{r(iez:lsjcr‘at1
ic. as a cor tion.
i tly-defined faunal defini
raphic system and also, as a correc inal de .
; ’Il‘)he Caymbrian System as it now stands today, 1s (311v1dfa(;i into
three ages, based upon paleontologic and stratigraphic evi entcs.
The Low’er Cambrian, the type of whichis represented by the
(Georgia) terrane of Georgia, Vermont. ‘ ¢ Ve,
The Middle Cambrian by the types (Braintree) Masea
chusetts, (St. John) of New Brunswick, and (Avalon) ot Nev
) . .
foundland under the name Acadian.

While the Upper Cambrian is represented by the (Potsdam).

" ra .
errane of Eastern New York.
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STATE OF VERMONT.
OrricE oF STATE GEOLOGIST.

BurLincToN, VT., Ocfober 1st, 1906.

To His Excellency, C. J. Bell, Governor of Vermont:

Sir :—In accordance with the provisions of Act 6, 1900, I here-
with respectfully present my Fifth Biennial report as State Geol-
ogist. The following pages furnish a summary of work carried
on during the years 1905 and 1906.

Through the generosity of the authors of the papers included in
this Report a far more valuable collection of material has been
obtained than would otherwise have been possible with so limited an
appropriation as that which has been available for this work.

As has been true heretofore, much of the investigation which
has been carried forward has been accomplished with little more
expense to the State than the actual outlay for travelling and
necessary incidentals.

The usual large number of ores and other minerals has been
examined and reports sent out from this office as to their commer-
cial value. Many deposits of supposed valuable rocks and min-
erals have been visited, and the owners advised respecting their
treatment and an extensive correspondence carried on.

The introduction which imnmediately follows gives further in-
formation as to the work of the two years.

Respectfully submitted,
G. H. PERKINS.
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FORMATIONS OF THE CAMBRIAN SYSTEM.

= p
R !
j.; } TYPE.
g
8 Potsdam, Sandstones of the morth and ecast
i sides of the Adirondack Moun-

b t tains of New York and adjoining
g L parts of Canada.
=]
E (
b [ TYPE.
(:3: Acadian, Shales and slates of eastern Massa-
) 1 chusetts (Braintree) New Bruns-
= wick (St. John), and eastern New-
= § foundland (Avalon).
=
¢
'E / TYPE.
=t |
5‘ Georgian. ! [Shales and limestounes of western
- r Vermont, Georgia and Red Sand-
3] rock.
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Part II.

The Geology of St. Albans and Vicinity.
G EEd o

Upon examination of the rock formation in St. Albans, tche
result showed that a large portion of the town was of Cambr%an
formation and as the fype locality of the Lower Cambrian
was located in the border town Georgia it was thought bes.t to
commence and run the formation from an east and west hn.e,
starting from the Noah Parker farm in the .tO\‘VIl of' }georg'la
through St. Albans and as far north as the Missisquoi River in
Swanton, the bordering town on the north. '

Particular pains have been taken with ﬁvg of the formations
in St. Albans, two for their great commercial value and three
for their value in geological study.

ist. The Swanton Marble.

2nd. The Chazy Limestone.

3rd. The Trenton Limestone.

4th.  The Intra-formational Conglomerate.
s5th. The Noah Parker Horizon.

WINOOSKI, OR SWANTON, MARBLE.

Under the title Winooski Marble, in Volume 2 of the Geo-

logical Survey of Vermont, pages 774-5, the following is taker}:
““The first quarries opened were in Colchester, near Mallett’s

Bay, by Hon. David Reed of Winooski Falls, he selected the

name for the new marble and called it after the beautiful “VKr

that flows along near his dwelling. This marble is valuable in

color and composition, some varieties are found '11_1 laminated
beds, that are easily separated, while others are destitute of any
evidence of stratification, but occur in solid masses and split
with difficulty in any direction.

~
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The prgvailing color is red. It occurs in mottled blotches ot

every conceivable shape and shade in the same specimen. I
some cases a shaded green forms the ground color, th . E
which runs various shaded tints of a bright pink or’ reéz}lgh
brown. These varieties are consequental upon the compo tlS -
of the rock, which is evidently different in localities remft S; om
each other, and in some cases there is a perceptible differeicfeoirz

aZyTrenton.Utica
F16. 3. Map of Geological Formations, in St. Albans

contiguous beds. The variety of Winooski marble called

e \.Iosaic Marble ” from its resemblance to artificial mosaic woik
Tl.ns 'usually has a reddish color and upon examination is fouc ;‘rziﬁe
principally composed of fragments of rocks, varying in si;e( fr(.).m
a barley corn to blocks a foot or more in diameter, which appear

p II]ISCUOUS]}’ o er w H €y were ce ellted
to be ro plled to ethel aft r thx t
t=1 ) cem

substance having much more lime in its composi-

tion than the fragments themselves. This cement has a lighter
>
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color than the other portions of the mass, which gives it its
beautiful sparry and variegated appearance.”’

The composition, as determined by an analysis by C. H.
Hitchcock, Chemist of the Geological Survey is

Carbonate of lime...............oovtvv 23531
Carbonate of magnesia.................. ... 42.23
o e TIPS NS S e P 3%
Alumina and iron.. .. ... i e e 12.25

100.09

It is not an uncommon occurrence where the contiguous beds
of the marble are in plain view, to find that the mottled variety is
often divided by that of the pure red variety and that the demark-
ation is sharp and clear, there seemingly being no gradual passing
of the one to the other. On the land of Henry Brigham in the
town of St. Albans, at which place the formation lies somewhat
like a huge flight of stone steps, this characteristic of the marble
can be plainly seen.

The thickness of the beds varies greatly, often changing from a
foot to that of many feet at localities not remote from each other.
The lower beds of the marble in this locality can hardly be recog-
nized, so faint are the slight streaks of red that are found upon its
freshly broken surface.

Beneath the marble are found impure limestone and arenaceous
shales.

To see and understand the condition of the Cambrian formation
in this portion of northern Vermont, one should cross and recross
the formation from east to west, starting at the type locality at the
Noah Parker farm in Georgia, Vt., and he can safely end the
investigation at the Missisquoi River in the town of Swanton.
Having done this he will be forcibly reminded that, either the
overthrow of the Cambrian formation left on its way many of the
rocks that are found in the Georgia terrane or that they were not
deposited further north, and that many unconformities of stratifi-
cation exist that are not noticeable, on account of lack of oppor-
tunity to see an actual contact of each separate formation one with
another,
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The seemingly fragmentary condition of the so called ¢ Mosaic
Marble ” exists in every specimen of the clouded marble that is
found in that particular formation, of which the Barney Marble
Company of Swanton find three varieties at their quarry and this

does not include the pure red variety that is found interstratified
with the colored marble.

Careful research of the formations below the marble results
in finding at least three distinct varieties of fossil fucoids.
These can be easily traced up to the formation containing the
‘¢ Mosaic Marble.”” The pure red variety that is found between
the clouded marble contains many fossils among which the fucoi-

dal markings are the most abundant, and three varieties have been

found in this formation. The clouded marble on top of the red is

covered by sandstone, which is capped by arenaceous shale
which is actually made up of these fossil fucoidal remains.

One can trace the fucoidal remains through the formations be-

low the Winooski Marble and finding them in abundance in the

interstratified red variety and Passing above into the sandstone, in
which they were found only sparingly, and then only in the rock
where it had become disintegrated and broken by the action of
frost, which condition was not found abundantly, and then into
the overlying shale, in which they again become so plentiful that
the shale seemed entirely formed of these fucoids.

In many localities the marble is found in such condition that it
is impossible to quarry it in large blocks, this is due partly to a
light green substance that is found in the marble and causes the
rock to split, but in no instance of splitting have I noticed a single
sharp or angular break that would indicate a conglownerate or

brecciated condition of the marble ; but I have seen many indistinct

markings that closely resembled the fucoids of the formations both
above, between and below the marble,

Based upon these facts and from the many forms that are seen
upon the polished surface of the marble that resemble fucoidal
remains, I am of the opinion that the many beautiful patterns
seen in the marble are due to the almost solid mass of these
fucoids from which the rock is formed.

At 4 point about half way to the lake shore, the distance of

3 . 13
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N arker '] is a cliff
hree quarters of a mile from the Noah Parker horizon, 1 2 it
re . ‘ : ‘ 2
tl} t qOr more feet in height, in which may be seen a
thirty .
varieties of Winooski marble.
Passing northward the formatio e e
he land of Manchester Chase is reached on the highway g
the la Ma v
from Chase’s Corner to St. Albans Bay.

jon is seen on both side
't di e north the formation : ,
o a short distance beyond

n runs in an unbroken line until

s of the

road and continues in that condition Lmtxl e
the residence of Bert Rankin where it crosses t(') the e. N
ontinues until just before reaching Mill River

the highway and ¢ h the opposite side of the

crosses the highway to disappear beneat
river bank. ) .
Going northward from Mill River no outcrop occm.s until the
1 10 ngr T. R. Waugh, situated on the eastern side oflth{e
and o P 0N . gh, e
i iver St, Albans Bay, 1s reached.
ighway ing from Mill River to St. : Y
B esop o ws itself above the surface, which gradually
. ‘ o
rises as it passes northward onto the land of A. C. ,-Bu;{’a:c:é
where the Cambrian formation, capped F)y the‘nmrbl‘ef,f 115361.1001{_
the low outcrop of chazy limestone in a high 'ch , 0 oo
ing the waters of St. Albans Bay. Thenit pa}sses in an un o
linoe onto the land of J. B. Foss, at which locality al St
amount of the marble can be seen. This 1s one oflt;livi;‘tg;ey
exposures on the trend; it passes unbroken over the o omitney
Jewell farm and on land owned by Hugh Ha.mlltc;nsanlbanS o
side of the main highway leading from the City o .kes e
St. Albans Bay, here the line becomes broken,hbutlmcz1 » \]ohn
. i he road on the lands
earance on the north side of t 4 :
1])Button and Phillip Pelkey. Here a large outc1o?1§fzcurst and
i iefly for building stone.
i rrving has been done, chiefly
O line across these farms and onto the

Here a low outcrop sho

i unbroken
laliti E?SI—SIZZ:; ?Snrigham where the formation has a large eastand
west exposure. ‘

On thpe land of Caleb Jewell west of the Brigham. 1and,' a V?ll’;
of hematite iron ore was found in the marble, the 1r;m (\;eastg 2
good quality and the vein was prospected todt t(; th[; o
eighteen or twenty feet, the iron continued goo the last
blast, which shook the last of the ore from the smooth fa
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the marble beyond, the pocket was empty, beyond on all sides
only marble remained.

From here it passes in a northerly direction still unbroken,
through the adjacent farms to the land of Thomas Cahill at
which point it crosses the highway, north of the John Bird place,
The rock now appears on both the east and west sides of the
road for a few rods, and then passes beneath the surface, this is
the last exposure in the town of St. Albans.

From here to Swanton Junction a distance of over one mile
the marble remains concealed beneath the surface, with the
exception, that a few rods south of the lime kiln where the Cen-
tral Vermont Railway has been cut through a ledge of gray
sandstone, at the base of which can be seen a small exposure of
the marble. At the Junction the ledge lies close to the main
highway leading from St. Albans to Swanton, on the east side
of the road on the land of C. E. M. Bullard. It may be well
to note here that many years ago excavations were made in
the seams of the marble in hope that the usual dream, that is.
accountable for many similar exploits, would prove true, and
that the treasure of lead and silver ore would be found as seen
in the dream. Although no lead or silver rewarded the labor
it brought to the surface a species of asbestos, known as
mountain cork, hematite iron ore and a fine ﬂgra’inehc.l‘ Nclay, of a
light yellow color. The clay proved to be of some value, and a
limited quantity was dug and sold, but for some reason, although
a demand still exists for it, the work has been abandoned and
the shaft left open and is slowly filling up.

The exposure on the Bullard farm is but a few rods long, but
rises to a height so that large blocks have been taken from the
ledge from above the surface of the ground and the remaining
ledge seems firm and sound, an exception to many of the out-
crops, for as a rule the marble is badly seamed and large quar-
ried blocks are not attainable at all localities where the marble
is found.

On the west side of the highway and a short distance north of

the point of the actual junction of the railroads a small isolated
outcrop is seen, from which some marble has been taken; for a

short distanc

~
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e northward no marble is seen until the land (.)f
situated on the west side of the bighway, 1s

Louts Tafar s which runs northward on the

ched, here an outcrop occur ' :
Eid of Amos Skeels, from this point following the trend north

ward for the distance of one mile no marble is seen ustil the
i i ide of the highway, belong-
h line of land lying on the east si .

-Sl?utto ll\ilrs Jane Wood is reached, here the Caarp_ﬁl}r_lan sar'ldstones
1stfnd above the road in a perpendicular cliff some sixty f.eet
high at the base of which the marble can be seen pas;mg
beneath the overlying formation. The nextoutcrop 1s a surface
one on the land of Miss Mary Dorman over whose land it passes

to the land of Chas. Bullard. .
It is here the Barney Marble Co. quarries are locatced,, ovir
which land the marble passes in an unbroke'n line and dlsappeahs
beneath the surface of the earth a short distance before reach-

ing Missisquoi River.
CHAZY LIMESTONE.

The Chazy formation in this section gt “\’ermon{t is rcfejlreed‘

sented by a fine grained, light blue, or as it 1s sometimes
- imestone. .

do’\;*i;:?})i;iitli]o: is well known for its production of a sup?rlor‘
white lime. That it has been used for this purpose for a k?lllg
time is evidenced by the number of old arfd now unused kilns
that can be seen along its trend in this secticn.

Analysis shows the limestone is as follows:

i c......55.83
Lime...... 3
... Trace
MAGNESIA . . o0 v vne e e ce
Tronand ALUMINGA. . v vevr crvr v oemnoenses .40
Silica............ .
. .43.6
Carbon Dioxide .. .o v v e eeeannnreneennee43 i
99.95

. . . .. ‘
The Orily evidence, other than its stratigraphic position, tha
the formation is Chazy, is an occasional weathered Maclurea

i he waters of Mill
magng that can be seen on its surface, where t
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Eivg{ have worn the rock smooth, and the wear of time has
brought the fossils, which are tormed of harder material than
therock in which they were enclosed

, into relief upon its sur-
face.

The broken rock shows only a smooth surface, destitute of
any markings of organic remains.

The first appearance of this formation in this section is seen
northwest of the residence of E. R. Wilcox in the town of
‘Georgia; here the formation rises out of the lake and shows
itself for the first time after passing beneath the water near the
north end of South Island.

For a short distance it forms the bank of the lake, rising a
few feet above high water mark and shows evidence of the wear-
ing power of the waves, by the many miniature caves they have
formed in the rocks.

North of the house it crosses the highway where a large ex-
posure can be seen, Passing northward there are several small
-exposures on the lands of Mr. J. Patterson and Miss L. Evarts.

At the ‘“ Pines, ”’ one of the noted camping grounds on the
banks of the ¢ Great Back Bay,” the now small stream known
as Mill River, has cut its way through the limestone for a long
distance forming a deep channel now only partially filled by
water.

Far above the water of today, the rocks exhibit many evi-
dences of the time when the stream filled the channel, for the
sides of the rock are filled with circular holes, formed in the

rock by the grinding action of stones, whirled round by the
water.

On the eastern bank of the river the limestone passes beneath

some fifty feet of Champlain drift and remains concealed until
the farm of Dr. T. R, Waugh is reached, where a small outcrop
appears on the east side of the highway. Here and on the adjacent
land to the north owned by A. C. Bingham, several small out-
‘crops occur which barely appear above the surface. North of
ithe Bingham residence an outcrop comes to the surface which
«continues on the land of Mrs, Mary Potter whose land adjoins
the old Haynes property where a large .exposure of the stone

AT N SIST. 14T
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s on the hillside pasture. Northwest of this locality thh.e
Tren I From this
Trenton Limestone can be seen for the first time.

cene and
pastufe-the formation crosses the lands of Albert Greene a

nk Bushee. o
Fr';'orthwes.‘( of the dwelling of ] .HB};.Iflos:s aln toelstc;‘;)lg ifoti];]sel;:zt
stone appears, that forms a small hill, 1so' ated, and 1o e
of the Chazy outcrop as the general trend is found in t ceuon,

is point of the pasture land of Frank Young, situa

onf;iloemez::tlssi%e of the highway leading north from the mBam r?ii
passing between the city of St. Albans and St. :\%bans 2?’0‘“_
directly opposite the home of Stephen Albee a q;stancle of e
half mile, the intervening space is covered by Champla idwa‘;
A small brook makes its way down the valley apout m A eh
between these two points, from the banks of wh1ch‘have rzial
taken large quantities of sand, gravel and clay for comme

urposes. |
’ Tr;le bivalve shells Sanguinolaria fusca and Sa,w'cavc;rlz{gusz
are found in these sands in abundance. Many of the shells zL:r -
found with their valves intact, a fact that would lead ong toch:S
lieve that they once lived in the ocean that formed these ele;nta-
and their presence in the sand}s{ not the result of transp

tion by water from other localities.

i . rises above the sur-
On the land of Mr. Young the limestone rises a

face in an abrupt ridge sloping to the north. It crosses the

highway and is seen on both the east and west si?es c;lf tlgurtciii
until a point is reached just south of the home o John o
situated on the eastern side of the highway. Here‘ the stone ;’3a "
es beneath the surface. From here to the land of Chas. Brooks the
Cambrian formation lies close beside the road on t‘he east, to
the west as far as the eye can see, not a vock makes its appeat-
ance above the surface. In fact throughout most of the roa(?,
after a distance of fifty feet is passed, no rock appears abo*»ef
the surface, with the exception of here and there an outcrop o
shale, until the shore of Lake Champlain is reached. .

Near the north line of the Brooks farm on th.e east side 0 t' e
road the limestone is seen on the side of the 1.1111, at which point
the Cambrian lies above it forming a steep cliff.
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So far along the line of the Great Fault the actual contact
of the Chazy limestone and the sandstone of the Cambrian for-
mation has not been seen. At this locality the Chazy for-
mation is not only seen passing under the Cambrian. but here is
a large mass of Cambrian rock forming a ridge for a short dis-
tance and some fiftcen feet in height, which not only rests upon
the limestone but is so placed that the Chazy formation appears
on both the western and castern sides of the ridge, from which
it can be seen passing under the main body of the Cambrian.

The exposure continues northward across the adjoining land
of Marcellus Pierce, where the outcrop is over one hundred feet
in width and the Cambrian sandstone rises above it forming a
bluff sixty feet in height.

Actual contact between the two formations can be seen at
this locality. Near the north line of the Pierce farm the Chazy
passes beneath the Cambrian formation.

Its next and last outcrop in the town of St. Albans is near
the north line of Jand owned by A. B. Collins at which place it
passes over the land of John P. Rich situated in the town of
Swanton. At this point the lime kilns of John P. Rich were once
situated, but they have been abandoned for newer fields. A
short distance north of this locality the limestone forms a high
ridge, the outcrop here is very large, it is here the lime kilns of
W. B. Fonda are located. North of these works the line again
becomes broken and its next appearance is on the land of Amos
Skeels, where it again passes beneath the surface, to be next
seen about forty rods north on the land of Andrew Bebee,
through whose farm passes the Missisquoi River.

TRENTON LIMESTONE,

In the eastern portion of the village of St. Albans Bay, on
the land on which stands the Church ¢« Qur Lady of the Lake,”’
occurs the first outcrop of Trenton in St. Albans. The outcrop
is small and shows itself but for a short distance. Here the
four formations that comprise the entire geological series of
this section, Trenton, Chazy, Utica and Cambrian, can all be
seen in a small space.

ST. I
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ity i -a of St. Albans where the |
This is the only locality in the town ol St. Alb z

four formations meet. ' 7 v
Here the Trenton crosses the highway and sev iralFou cfr gnxl
i i ray the Foss 1a
1 f the main highway near
occur on the east side o y nea : am
at which locality it passes beneath the surface and next agze iy
to the north on the land of Stephen Abler on the \Vestv 310{ &
the highway. This is its last appearance in the town .
Albans.

Except near the church the form
the surrounding country and is smooth and roun

ation rises but little above
ded by glacial

action.
The rock is hard and but few goo i
from the outcrops, but from the waste scattered aroun any

beautiful specimens have been secured.

d fossils are obtainable

LIST OF TRENTON FOSSILS FOUND IN ST. ALBAXS.
Prasopora lycoperdon, Say.; Lingula curta,' sz.t; 5;::(:”[/:
elongata H. Orthis sn[)gzmdmfta, H ; 'Orz/zzs. tes/um h ,
Dal.; Schizambon dodgi, Wal.; éc/uzocra‘nm ﬁ 05«;7,0]5/['0_
Peristrophia hemiplicata.; Whitella ‘ vcn'trzcosa., ) ,Zu.m;/-
mena alternata, Con.; Trematis tei'mm‘ahs, Emm.; 'm 5
chia undata, Emm.; Holvpea syrrl‘metrzca, {f ; éug)a;;za‘f;/;;i;
tifrons, Emm.; Rhaphistoma lenticulare, Emm.; Ze e; phon
bilobatus, Sow.; Holopea symmetraca, H.; Conu a;i e
tonensis, H.; Cyrtolites cam])ressu‘s, Con.; Cyrtf;cegjt-;/ww};m
gulatum, D’ Orb.; Orthoceras junceuit, H Z mw”:
olorus, H.; Asaphus gigas, DeKay.; Ceraurus pleure

themus, Gr.; Trinuclcus concentricus, Eat.

INTRA-FORMATIONAL CONGLOMERATE.

DEFINITION OF TERM AND ILLUSTRATION.
ate is one formed within a

i ‘mati ner
¢ An intra-formational conglor ‘ m
and deposited within

geological formation of material derived from
that formation.” ]
; : n coverit

An ocean for ages had bee . D e
mains of the inhabitants that lived within its waters.

1g with its sediments, the re-
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Nature in her great laboratory had changed the sediments, with
the enclosed organic remains, into stone of various kinds, while
the waters of the ocean still contained a living fauna, descendants
of those enclosed within the rocks below the ocean bottom.
These rocks were by some convulsion of nature thrown upwards
and above the surface of the water, some portions falling im-
mediately beneath the water and escaping the eroding action of
the waves, thus retaining their angular shape, while the rocks
that reinained above the water were buffeted by the waves, lost
their angular proportions and became rounded and smooth.

A subsidence of the ocean bottom caused the rocks to sink below
the surface of the water, in which they were born, and the ever
falling sediments cemented them firmly together, into a new, old
rock, which new formation exhibits the peculiar characteristics of
the different rocks of which it is formed.

This conglomerate is formed of dark colored fine grained lime-
stone, bluish or dove-colored limestone, arcnaceous shale in
which, in some instances, are found nodules of pure limestone and
enclosed water worn pieces of bluish colored slate, which in many
specimens are oval, sandstone resembling quartzite, arenaceous
limestone in which the enclosed grains of sand are dark, thus
giving the rock a mottled appearance, and a light colored sand-
stone,

The rocks forming this conglomerate vary in size, from small
fragments, to bowlders weighing many tons.

Some of the pieces show but little, if any, abrasion and the
broken surface is sharp and rough as those of a recently broken
rock, but the larger proportion of them are smooth and water
worn.

The first appearance of this formation in the State, is near the
north line of Georgia, on the north side of the road leading from
Mill River to the home of Wm. Caldwell, on the highway leading
from Georgia to St. Albans.

At this point but little of the formation appears above the sur-
face, the general appearance here is that of a massive dark-colored
arenaceous limestone, as the brecciated nature of the formation
does not appear at this locality at its best.

e T. 145
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ast without a break, to the north line of Georgia,

the formation disappears beneath the smtace,r‘to aﬁu‘m:\pp:tl tl(:ix;

the farm of Wm. Walker in the town of St. A ).llL.l A o
- the first time the shale, that farther north on this range,

e makes its appearance, on

Passing north e

locality, . :
is seen interstratified with the limestone, ‘ -
of the terrane at the base ot the chiff. - e
in St. Albans is the brecciated condition o | :
presented than at this locality, although some
to be seen a short dis-

the west side

At no place
formation better re
of the limestones are missing here that are : en 2 short o
the fact that the surface of the rocks whic

ast )
e e plzmed by glacial

been recently exposed has been smoothly

action en (0] ng ou 1€ sUt u e formation in OlC
tends t ring at t structure of t oTrm
i s l ]C . 1 - b 1 1

relief. N

From this point to the pasture ot Henry e e
north side of Lake street, a distance of one and one ha S,
the formation is covered by the Champlain clay

ist: v dred
At this locality the rock is exposed for a distance of t“? hun o
. ) ale that is found associated with

K. Adams on the

s and sands.

feet, north and west, and the sh found o
the formation has a large exposure to the eus an t\_vé e
From this pasture land for a distance of some les e
‘ | i srt diste uth o
rock remains below the surface, until a short dlstdncegso ot the
| i i av leading from St. Albans
Montefore place on the main highway g L
5 it makes its qrance aunc sses
the town of Swanton, it makes 1ts appet; ‘tl
i - a few rods further norti.
highway, only to disappear a few 10fls tmtq e O ety o
in hieghway leading from St. Albans .
e e forn f s for the last time in St.
Highgate Falls the formation again appears 101 as
Albans, and then passes mto Swanton. o e west
~11¢ S O
Here the formation is represented by the shale, seen

i - he lime-
of the limestone at the Adams locality. Further north t

i S i igheate, to the bank
stone appears, passing from Swanton into Highgate,

of the Missisquoi River.

NOAH PAKER HORIZON.

i is repr 1 by the
The type of the Lower Cambrian terrane is represented Dy

i ries of sses
The formation by a series of ledges pass

Y » sandstones. . s
shales and zandsto e Noalh Parker

twe C anc er rester 1 t(){ [h
wes \V’ll’(l from an ] over the western p 1
fd] m 1 W1l 01T ¢ .2 \Vermont.

¥ ) Sitll‘dte(] m the towl ()E (Je() &1 1, 1
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The distance across from the starting point to Lake Champlain
1s about one and a half miles.

Directly back of the late Noah Parker residence is a circular hill
at the base of which a fine arenaceous shale makes its ap-
pearance.

As the formation passes northward the shale becomes coarser
aud the bedding uneven, until at the top the shale is replaced by
sandstone.

About half way up the hill and on its eastern portion a shale
appears that is easily split, exhibiting a smooth surface, but it
either splits through its stratification or is destitute of fossils.

The entire length of the hill, from its appearance until it passes
beneath the surface is but a few rods in length.

In following this formation northward these shales and sand-
stones will be spoken of as the Noah Parker Horizon.

This is the last exposure of this horizon in the northern portion
of Georgia, although the formation to the west continues north-
ward the Noah Parker Horizon passes beneath the surface at this
place.

As the formation passes northward the distance across the
terranes shortens, until the shales and sandstones west of the
Swanton  marble, which is midway in the Georgia terranes,
disappear and the marhle becomes the western boundary of the
Cambrian.

The next appearance of this horizon is on the land of E. H.
Brooks in St. Albans and directly back of the William Hickok
residence, here the horizon is represented by the central and eastern
portion of the Noah Parker group of rocks. v

Here a break occurs and the next outcrop is on the land of H.
P. Duclose, where the sandstone of the upper part appears ; it
crosses the late Whitney Jewell farm and disappears just before
reaching the north line of the farm, to appear on the line in a high
cliffi. Iere the middle, eastern and upper portions of the horizon
appear. At this point the formation crosses the main highway
leading from St. Albans to St. Albans Bay.

West of the John Fallen place and across the highway north,
the formation becomes a light blue, changing to nearly a white
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sandstone with small outcrops of shale. Thi.s upper portion of .t'he
horizon continues until just south of the 1'e51der‘1ce of S. J. Brig-
ham where it passes beneath the surface and is next seen on th'e
west side of the Central Vermont Railway traclk ; here the stone 1s
negg t‘)\h:]t:z;stern side of the railway a small outcrop of shale
appears that barely reaches above the surface. . f

The formation continues northward along the western s@e 0
the railway, and with buta single break, to where the middle
and upper parts of the Noah Parker horizon a'ppear.

This is the last appearance of the horizon in the town of St.

Albans.

The next appearance is in the town of Swarllton jnst n(frth of the
John P. Rich residence, on the highway leading from St. Albans
Eo Swanton, at which place the electric railway cuts through the
formation, passing northward over the Bullard land, and 'to thz
land of J. P. Kelley (the old Cushman farm) where the central an
upper portion of the horizon appear.

At this locality a break occurs, and it is seen next on the land of
C. E. M. Blllla;d over whose land it passes to near the banks of

Missisquoi River.
thi)rlfli:(ﬁtife of the ¢ Great Fault,” west of the Noah Parker
farm in the town of Ge.orgia, where, from the last exposure of the
Cambrian rocks, the land slopes gently to the we.st to meet the
waters of Lake Champlain, the intervening area is being covered by
Champlain drift, this rock continues down to t‘he shore of the lake,
at which place the waters have laid bare the Utica Sllmlcs the forméu
tion upon which at this point the Cambrian formation rests. This
is not ‘as a conformity or unconformity of stratification, but as a re-
sult of an overthrowr of the Cambrian formation. The Cam-
brian rocks have by some great upheaval of nature been shovgd
from the east up(;n and over a’ newer formzltioTl,. the Utica
Shale, the last formation to be laid down in this \'1c1mty~. o

But a small exposure of this shale is to be seen in this \'1c1n.1ty
aud a few rods further north on the shore line the formation
passes beneath the surface the stratum dipping to the east.
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No actual contact of these formations can here be seen.

Passing northward the shore is covered by cobbles and pebbles
and but few large bowlders can be seen. The bank rises but
a few feet above low water mark.

On the land of James Patterson the Chazy limestone forms a low
headland, which dips gently 10 the north and pusses beneath the
surface.  This is the only exposure of the Chazy on the lake
shore in this vicinity, the strike carrying the formation inland
from this locality.

Beyond this headland the shore becomes sandy and low, the
high water and waves carry the sand inland thus forming a ridge
back of which a small marsh lies which extends northward and
runs into Mill River. This portion of the Great Back Bay
is known as the ¢ Pines” and *¢ Pattersons ” and is a favorite
camping ground, many cottages having been built beneath the pine
trees from which the locality derives its name,

It may be well to mention at this time that these ever shifting
sands contain many stone relics of Indian manufacture. Hundreds
of arrow and spear points have been found in these sands, but the
supply still remains unexhausted.

It is at this locality that the small stream known as Mill River
makes its way into the lake. North of the river the land rises
gradually until it reaches a point about eighteen feet above the water
and the shore close to the bank is strewn with bowlders of gneiss
and saudstone, some of wany tons in weight, which have been
pushed by the ice firmly against the bank. From the large
bowlders to the water the shore is strewn with small cobbles of
many formations, some having come long distances, for in a piece
of sandstone picked up upon the shore I found the markings .of
the fossil Lepidodendron a coal plant of the Carboniferous sys-
tem. It is here that the shore passes into the town of St. Albans.
Passing by the village of St. Albans Bay where the shore line has
been changed by the hands of civilization to south of the creek
bridge, at which place a marsh empties into the lake, we come
to the eastern shore line of St. Albans Point. South from the
creek the bank of the lake shore becomes elevated and forms a low

bluff, with an occasional outcrop of Utica Shale until School
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House Point is reached, where a small bay occurs, heret‘ofore th(el
beach has been strewn with the usual bowlders and pe.)blés atr}l]
rock waste, but now it is low and sz'mdy hardly above : i
level of the water. Here a marsh makes its .way.ac,ross the 1)0:}1:
and connects with the lake just south of Jimmies’ Rock on” :‘
western shore of the Point in Lapan Bay. Fro'm the low Ga.n
shore the bank gradually rises until a high blu-ff is fou.nd of t1‘ca
Shale on the land of Hiram Hathaway, wlncl‘i contmues-fm a
half mile and then slowly drops to a low beach just before !eachl-1
ing a point where the beach turns towards the ea'st, here Z sfma !
bay occurs, formed by a high point of shale which extends for
co;lsiderable distance into the lake. On the south'and eastern
portion of the point the water continually washes against the f‘ace
of the cliff and the bottom is strewn with rock waste torn. flOl-Tl
the face of the shale. On the north eastern side of the point, m
low water a flat plane of the shale extends outwa‘rd from the b.as(;
of the point, which dips to the east and passes into the water o
the lake.

From this point the shale may be seen i‘n an almost unbrc;ke.n
trend, passing the extreme end of the point to where t.he shore
line has turned northward, here the shale passes from sight a?d
white sand replaces the shale. Here the sand fo'rms a barrier
back of which a marsh forms in high water extending northwaljd
to Smith Brooks Point. From the sand beach the shore agamn
becomes Utica Shale and continues almost unbroken until the low
land where the marsh empties into the lake north of Smith Brooks
Point is reached where the shore is a mixture of clay and sand.

The nextshale is on the point of rocks known as Jimmies’ Rock,
here a small exposure is seen, which has the usual eastern dip.

From this rock northward and along the entire shore of Lapan
Bay the shore is low and at first consists of a mixture of clay an.d
sar;d until the bottom of the bay is reached; where the shore is
entirely made of a fine, white sand, back of which a marsh forms
in the high water of spring. The shore now turns southerly and
becomes covered with bowlders.

Down the entire shore of Shanty Point the shore is low, and
bowlder strewn, broken here and there by a strip of sand a1d clay
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until well down on the western side of the point the shore rises
gently and the shale makes its appearance for the first time since
leaving Jimmies Rock.

It is at this point on the shore of the ** Great Back Bay ”* that
the well known ¢Lake View House” is situated. North of these
premises the shore is low and howlder strewn, it gradually rises to
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the north and the Utica shale again appearing in the shore line it
passes out of St. Albans into the town of Swanton.

West of the Chazy limestone, and covering the entire territory
to the lake shore, including St. Albans Point wherever an exposure
of rock appears, which in some instances forms long ridges running

north and south, the rock dips to the east and is undoubtedl

y Utica
Shale.

East of Main street in St. Albans the Cambrian formation con-.
sists of shales and sandstone.

Two lines of hills run into the town from Georgia and Fuairfax.

Prospect Hill crosses the line between Georgia and St. Albans
and runs a short distance into the town, where the chain becomes
broken, a small outcrop belonging to this hill is seen in the city
at the home of Charles H. Clark on South Main street.

East of England street the Stevens brook has cut its way through
the same formation. .

With the exception of a small outcrop of shale that barely
comes to the surface, as it crosses Ferris Street, they are the
only outcrops of the Cambrian within the city limits.

Back of the residence of Ex-Gov. E. C. Smith, rises Aldis
Hill the continuation of the Prospect range.

The hill runs northward about a mile and then passes beneath
the surface.

East of Prospect Hill a high range of rock formation passes

into St. Albans from Fairfax and is at first known as Belleview
and further north as St. Albans Hill.

Passing eastward over this range and near the line between St.
Albans and Fairfield, the rock changes and the Talcose schist for-
mation shows for the first time and passes eastward into Fairfield.

For the benefit of all who are now interested in Geology and
also for those who in time to come may desire to obtain knowledge

-

- I
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of the past ages, the written secrets o't' which arT fakst S;Telz(iematsh‘i
rocks of this section, T will trly t;) 1:;};:;1: Zl;c;orir;(;ns’ v:here ,
ire as to the locati

1:;; ::e;o:skzlt?letc;:?gtain the different organic remains that have
been found in St. Albans and adjacent towns. T

The area under consideration as .show? by the.lattac f(venq;sp,the
largely of the Cambrian formation, in which, unti rfecenfo_‘,sgi‘1g ,and
geologists of the world had been able to 'ﬁnd but evlv' 1 S {«ime
the fe;una of that age was a problen'l still to b.e s(; ved. . h,‘;
labor and constant effort by those mt?rested 1.n.t1e ﬂwos ec;e;
brought to light considerablel inform:t;(;;;ienialli:lci t:)e bepd(mé
ivi i ime, but there ye s
ll;;];(rfedtlll]re“::g)cl?;a:latvle yi’elded up their last secre?t and t%‘le.faLvl.lllla ;)i
the now oldest rock formation bearing organic E'emal.rllls \\01 >
considered completed. And t?e? thetl \;‘011:; \Q‘rlll(l)wslt: Cagmbriar;
down lower in the formations below th ' N ‘ o

en now there has been found in the Z\Iontana\e

:;-Cl:ne::;: the Greyson shales near the mOuthfg)f szge;;iell;
Canyon, a short distance above Glet?wood pos.to Qe‘,ul‘ nisble
traces of older life, the actual identity ?f which st;l }eﬁﬂ;;ﬂéh
mystery, but enough has been found to. stur}ulate further 1Se );tien.t

Vermont, with all her rocky hills, w111. still by s.omeon(e:: I ébri,m
work yield many more specimens to b‘e n‘lcl.udejd in the Tl‘: lal;e
fauna: The geology of the State is still in its infancy al;(f ‘ tT]e
amount of work must still be done, and some undone, before
task will be completed.

The so-called pSwanton marble and its- associate red stargirac;ctk
are particularly rich with fucoidal remains. The gréla fuCOidSy
of this marble depends most wholly upf)n these fO‘SSI I_She(;
for the many beautiful designs exhibited uPon its poli .
surface. Salterella pulchella, a small shell, is also seen up
the polished surface, but not plentifully. N _—

The polished surface of the red sandstone e)f}}lblts nf dosthat
and it is only when the rock has become dlsmtegrae; .
fossils can be found in any number, although the sfulf' acoe‘da1
freshly broken rock sometimes shows fragments of fucoi

remains and the following:
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Salterella pulchella, Ptychoparia adamsi, Planolites con-
gregatus, and fragments of shells closely resembling Nidusa
festinata.

The genus Agnostus, although a true Cambrian trilobite and
found in Vermont, has only been found in the eastern pfortion
of the City of St. Albans, in dark colored arenaceous' shale
imbedded in Champlain drift, which had been exposed during
a spring freshet.

I know of no instance where it has been discovered i» sifz in
the State, except that mentioned below, though several have
been found on the Stevens brook within the city limits.

It was while searching for these minute trilobites, that I first
discovered the brachiopod Zingulepis accuminata, the dark
colored, somewhat tough arenaceous shale in which it was
enclosed, was firmly held in the Champlain clay and associated
with numerous bowlders of Swanton marble.

The fossils were sent to Mr. Charles D. Walcott of Washing-
ton, D. C., for identification, who suggested that I make search
for the agwostus in situ. Although I never found the agnostus
in any other locality, two years afterwards I discovered the
brachiopod in the shale, in the intraformational conglomerate
situated in the pasture of H. K. Adams, on the north side of

Lake Street, near the west boundary line of the City of St.
Albans.

In a monograph on ¢« Fossil Meduse,’’ written by Charles D.
Walcott, Director United States Geological Survey, published
in 1898, the following reference is made to ““ Dactyloidites
asteroides in Vermont,”’

“I recently received from Mr. G. E. Edson of St, Albans,
Vermont, an impression of a star-like fossil, which he found at
Parker’s quarry, Georgia, Vermont, in the coarse Olenellus
shales. He calls attention to its resemblance to Dactyloidites
asteroides and I am inclined to think that this identification is
correct. The impression is quite clearly defined on the some-

what rough arenaceous shale, and the interior canals are clearly
shown in three of the lobes.

The specimen is represented in
text figure 15.”
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This fossil was found in the central part of the Noah Parker
Horizon. -

Since this publication of 189S T had the good fort;n}e{, tltllexs
year, to discover in the same horizon on the land of‘]. .Ke hy
in S:vanton Vermont, three Dactyloidites asteroides, on the

d I

same piece of shale. N

Here the blue colored sandstone that represents the top ?f thef
Noah Parker Horizon is particularly rich with t%le re.mamskcl)
the trilobite, Olenoides marcoui. The formatlc.)n is split .by the
frost and few pieces are found without an imprint on their sur-
face. ' . '

One piece eleven inches by fourteen had over forty imprints
of the heads and pygidia on its surface. N 1

Hand specimens often showed two and more pygidia, finely

i i - disi ated rock.
raised on the slightly disintegrate : . N

The middle shale furnished one specimen, showing the head
and tail attached to the middle portion of the 'body. ;

Several almost entire Plycloparia adamsi were also foun
at this locality. ‘ '

It was after a search of ten yearsthatl dlscovere.d in the shale1
bearing the Olenellus fauna, an Agnostus iz sétu in the centra
part of the Noah Parker Horizon, on the J. P. Kelley farm.

In the town of Swanton and directly east of where the‘ Barney
Marble quarry is located, the Noah Parker I-‘Iorxzo'n hesf closi
to the so called VWinooski marble. Here this series o r.oc
formation extend eastward from the marble, the horizon
covering some forty rods in width, and is the largest exposure
in northern Vermont. . . _

Besides the usual shale and sandstones found in this horxz?n,
there appears a lenticular mass of limestone which is very rich
in fossils, . .

The following list of fossils were found at this }ocahty: .,

Kutorgina cingulata, Nidusia festinala, ]plzm’e(z) labra or-
ica, Rustella edsoni, Swantonia antiquata, DPtychoparia
adamsi, Olenellus thompsoni, Olenellus wvermontana. - .

The central portion of this horizon is especially rich 1n
fucoidal markings.



I354 REPORT OF THE VERMONT STATE GEOLOGIST.

The Intra-formational conglomerate in Adams’ pasture in St.
Albans is rich in trilobitic remains, but I have been unable to
identify them, at least four species have been found. Also
Lingulepis accuminata, Conrad, Nidusia Sfestinata, Bill.,
Salterella pulchella, Bill.

It would be a hard proposition to decide which one of the
rocks forming the conglomerate was the most liable to contain
fossils, the different limestones, sandstones and shale scontainthe
same organic remains, but neither color nor composition of the,
stone seem to be any criterion as to whether it contains fossils or
not. Two light or dark colored limestones may be found side
by side a mere crack filled with calcite separating them, one will
not show the slightest evidence of organic remains, while the
other will be nearly all composed of tribolite remains.

The matrix in which the rocks are imbedded shows the same
fauna as the different rocks that make up the formation.

The accompanying list of Cambrian species is not designed
to be complete, but only to include such as were found by the
author while searching for data for this article.

Nidusia festinata, Bill.; Iphidea labradorica, Bill. ; Kutor-
Lina cingulata, Bill.; Lingulepis acuminata, Con.; Protor-
this wingi, Walc.; Planolites virgatus, Walc.; Planolites con-
gregatus, Salterella  pulchella, Bill.; Miriodiscus parkert,
Walc.; Olenellus parkeri, Wale.; Olenellus thompsoni, Hall.:
Olenellus (Mesonacis) vermontana, Hall. ; Batlhynotus lholo-
pyga, Hall,; Olenellus, marcous, Whitf. ; Agnosz‘us sp-s Pty-
choparia  adamsi, Bill.; Dactylodites asteroides, Walc.;
Hypseloconus sp. Rustella edsoni, Walc.

As was stated in the account of the geology of Grand Isle
County Professor H. M. Seely was a frequent companion of the
While examining
the rocks of the Chazy, fossils of many of the lower animals

geologist during the progress of that work.

such as sponges, bryozoa, and corals were observed and col-
lected. Professor Seely undertook the critical study of these
forms and in the Third Report discussed ¢ SonE SpONGES OF
THE Cuazy”’ and described and figured several species of

-

. 1ez
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1n the Fourth Report the same author gave thi
e ¢« STROMATOCERIA OF Is.E La MorTE
In the following articles Profes-
s the following:

Stre[)/mc/zetus.
results of his study of th
with descriptions and plates.

. . .
lv has added to his previous pape
e CuavrLaiNy Sea. 1L

THE CHAMPLAIN VALLEY,
b PaLeoNTOLOGY. This

BeExK-
1. Cryprozoa OF THE EARrRLY

ManTOWN AND CHazY FORMATIONS 1
CONTRIBUTIONS TO THEIR GEOLOGY A

second paper includes The New Genus Wing la.

. The Win Conglomerate. 2. ' i
! Limijing Lg;zyers af the Chazy Forﬂmtzons‘. 4. T/z]; nstz
\2 Votte Sandstonc. 5. Lingula limitarts. 6. Mo
a i

Prasopora hero 7. S. .
s sure that paleontologists will

ult of
find much of interest in these papers.l. Theydarr;enc‘;haerge\svorthy
he forms discussed 4
long and careful study of t ' or Y
of g(:1ose attention. All of the species figured by Proie

i i abinet.
Seely are represented by specimens in the State C

culiporia insularis. 7
The author of this Report feel
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Cryptozoa of the Early Champlain Sea.
H. M. SgEeLv.
CONTENTS.
Introduction.

Title. Recognition of Genus Cryptozoon.
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INTRODUCTION,

The title of this paper recognizes the existence f‘f the Genus
Cryptozoon as established by Professor James Htin N

It is proposed to bring together some fach wi 1d the knowl-
edge of the writer, to record some obs§rvat10ns an ) divenss
the genus Cryptozoon, chiefly in re%atlon' to occurrence,
ture, distribution, horizon and relationships. e ed

The occurrence of small rounded masses of ro'clx 1nc‘os L
larger masses is a matter of co.mmon observatlort].- Ezzgt}?e
these, clear of outline, differing in age and éh&%racti;m o
including mass, break out freely a‘nd we recognize e a8 peb
bles. Others occur sometimes with sharp boundary, 51 ot
often they shade into the inclosing rf)ck ot- same age a;hee;zpare
ently have been gathered from the inclosing mass.d f e
known as concretions. Yet some of these rf)unde ()r‘rmsncre-
have passed as pebbles or concretions, part1'cular;y as ;cciivmg
tions, are neither of these; they are the remanll-sf \o ?rn}lceese ving
beings, particularly of animals of low type of life.
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lived, flourished and died at the horizons that now contain
them. .

HISTORY.

The Beekmantown and Chazy formations are both rich in”
disk like or spherical masses of varying size, many of them of
unquestioned organic origin, but too many of them of still un-
certain relationship. .

Professor James Hall, in the Thirty Sixth Annual Report of
the New York Museum of Natural History, transmitted to the
Legislature, January 12, 1883, figured and described one of
these disk like forms under the title Cryptozoon proliferum, a
new genus, and a new species.

A much earlier observation, one more than fifty years before,
had been made by Dr. J. H. Steele. Steele’s description with
illustration of like generic form at the early time appeared in
the American Journal of Science June 1825, Vol. IX, pp. 16-
19. The following extractis made from Steele’s article entitled,
¢¢ Oolitic Formation of Saratoga County, N. Y.”’

«“In and near the road, which leads from Greenfield to
Ballston-Spa, by the way of Rowland’s mills, on the farm of
Deacon Wood, there is a bank composed of a series of horizon-
tal strata where the peculiar characteristic features of this
formation are well defined and may be readily examined.

One of the strata, which compose the series at this place,
presents a very singular appearance, and one which, if it occurs
elsewhere, has never been noticed, so far as I am able to learn,
by any writer. The surface of this stratum is fairly exposed for
a number of rods both to the north and south of the bank
beneath which it evidently passes; it is about two feet in thick-
ness and has embedded throughout its substance great quantities
of calcareous concretions of a most singular structure; they are
mostly hemispherical, but many of them are globular and vary
in size from half an inch to that of two feet in diameter; they
are obviously composed of a series of successive layers, nearly
parallel and perfectly concentric; these layers have a compact
texture, are of a dark blue or nearly black color, and are united
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copic spongy ball, is here recognized, but discussion is delayed
until the matter of classification isreached.

Ovaria.
Plate XXXVII, Figs. 5 and 6.

In a former examination of the genus Stromatocerium in the
Chazy formation, certain lacunae appeared, and these peculiar
lacunae contained very compact pilae, the structure of which
suggested the possibility of their being ova.

In the study of Cryptozoon the observation of lacunae with
compact globular pilae is repeated. But a difference in char-
acter of the lacunae of this genus occurs; they have a more
definite shape, that approaching reniform, as well as a more
definite boundary, this boundary having apparently been mem-
branous.

The suggestion very naturally arises, and this deepens with
continued observation, that each lacuna is an Ouvariun: and
the included pilae are Ova.

CITARACTER.

The existence of hemispherical or spherical calcareous masses
with concentric finely banded laminated structure is conceded.
The origin however of these forms may be in question. Are they
accidental or are they organic? May they have arisen from
concretionary material, the escape of gas as bubbles through soft
matter, or from some mechanical though not yet well nnderstood
cause?

On the other hand may not they have been produced by the
growth of animals of lowly organization?

Some observers have had their doubts as to the organic origin
of Cryptozoa. Their thought has been expressed mostly by
using an emphatic Zf, while referring to this form, saying, ¢ if
organic.”

Professor Mather, as has been cited, concluded that they were
organic. In this opinion Mather has been followed by Dr.
Dawson and many others. The character of these forms should
uot be left longer in doubt. Giving attention te what has been
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presented and what here follows will there be any room for
question ?

The occurrence of these named forms at definite horizons, as

will be noticed further on, is very significant. Why should they

appear among rocks of a given formation, and why crowd layers

of a certain horizon of this formation with their peculiar forms?
And this in localities far apart!

This is certainly the way of
organic beings!

The chief appeal however will be to structure. Comparison
may be made between thin sections of objects that are confessedly
inorganic, such as stalactites, concretions, and the like, and those
of well recognized organic origin.

The illustrations, few out of many, presented on previous pages,

bear evidence of character other than inorganic. Observation and

careful study of these many examples lead one gradually to the
recognition of these forms as of organic origin; that the genus
Cryptozoon now with its various species, was well founded; and
that he may confidently rest on this conclusion.

HORIZON.

A brief scheme of the distribution of a portion of the rocks of
the Champlain Sea will help to make plain the horizon at which
the genus Cryptozoon occurs.

The Beekmantown formation is included between the highest
division of the Cambrian, C. Potsdam, and the lowest of the
A. Chazy.

From lithological or fossiliferous distinction, the formation at
its most characteristic localities may be separated into five divisions

which, named from the first letters of the alphabet, rve A B C D
E. These divisions are here used.

FORMATION. DIVISIONS. SPECIES. LOCALITIES.
CHAZY. A
BEEKMANTOWN. E
D Cryptozoon. E. Beekmantown, N. Y.
C. saxiroseuin.
C
B Crypltozoon. Shoreham, Vt.
C. steeli.
C. wingi. Mt. Independence, Vt.
Fort Ann, N. Y.
Colchester, Vt.
A
Porspam, C

sist. 16°
REPORT OF THE VERMOXNT STATE GEOLOGIST 7

LOCALITIES.
i i arently within
The distribution of these forms 10 the east is apparently
e - . ~
lain Sea.
-ders of the early Champ : . 0 are
th?rltjlml( elalities of Cryptozoon jﬁro]zferum following Ha
e loc A oo
Greenfield and Little Falls, N. Y. I
The original stations of Cryptozocn stee L\I e s 6t
are between Greenfield and Ballsto(l; Sp'a., Ll.thé o
i rert be added. ne is O )
ctation several are to ) , rmery
oo pied by B. Chenette, Shoreham, Vt. The Cr)lptoz];)eauﬁful
Mre . : litic rock.
scri . Steele, rest upon 00 '
ike those described by S , ' e e
ilke «amples have been obtained. These have the purp e
ar X4 : ' urpl -
 ab ef ) ps earliest noted. The agate like bands however do het
o et ach other readily but by a blow break across wi

ated by Steele

separate from }el ) frecture
ni oiaal 1re . g e
' Sg(;]r]:\g\':l?n;so furnishes this form. And a;ot;l‘ila vStff;S;“tl;
Phillipsburg, Canada. Going north along thebl 1ge aui les have
United States boundary line, some; most notable examp
been seen in the rock by the yoad‘51d€~ saxiroseum has
So far as is known to the writer Cryplozoon Clinton County,
but a single station, that of East Beekmamo™h = 5 iy <o
N.Y. This genus here adds another fOIm dive easilv.aﬂd
fossiliferous that the old time term ,Cal,cfﬂéli(iu;as 1Eeen ob‘tained
appropriately into Beekmantown- .1 o fal. ck. These however
only from bowlders and detached pieces (?. 1.0 f'ssils such as are
contain at times Ophileta and characteristic }? " heen peerved
found in a nearby low ledge. Some examples.umon Dead Creek.
in the tumble down disappearing walls of 2 mlbe rewarded by a
1t is to be hoped that 2 carefLLl collector may
search among the near by rocks. Y depend-
The primagry station for Cryptozoor wmfn lsthlzit.alnhugdred
ence. Orwell, Vt. This is across the 1akeT}izss O ovel part of
rods’ southeast from Fort Ticonderoga. e ;3 s of the fort.
the top was once a parade ground. for.the s(c; 1€:t1es L a el
Here on this parade ground Wing m. hlS‘ fiel notopora.” od
drawn sketch located a station for his ¢ Stromaf a few square
here after a second day’s search the exact place o

A y ry 0 n 1 oh
[ S fOllnd The fOSSll 1s € ldentl a C ﬁt 200 th Ua
feet wa . (0]
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] Cre 1 0 I awson's Spec S.

C. lec/1u[€7l§€- DaWSOH- LaChute I . Q- Canada-
L}

C. borecale. Dawson
. . Lake St. Joh
C. cccidentale. Dawson., Lo be O canada.

From the Middle West:
C. ménnesotense. Wi
. inchell. Shakopee, Mi
C. magnificum? Shakopee, Minn pee, Minn-

Grand Canyon, Arizona.

RELATIONSHIPS OF THE GENUS

The i
appropriate place of the genus in the system of classi

fication is
a matter of intere
st. ¢ Many times h
ave passed

over ”’ th 7 Cere.
existed sc(j Cf)‘:]SSl.l, many possibilities of interstitial change have
Wil see thesi 1: bldd(fen to proceed with caution. Observers
orms from the point atwhi
. which th
St?}?f so divergence of views may be expected ey themselves
18 S ; )

the abuglday be safely s.a1d of Cryptozoon; its place is between
of the S ant 59011ge like forms of the Beekmantown and those

romatoceria of the Chazy; the former with its broken

or ”Iegular Canals, the latteI Wlth CaIlal Of comparative regu-
s p t1 g

CLASSIFICATION,

Th
Classe fgr;h'er stud'y of t‘he low fossil forms placed with the Sub-
s a czséﬁangza has brought into notice new members of
fOungd tgpf.all qiefl:mg a %lace for them in classification they are
fall quite outside of any of the described
of the existing orders will admit them. Yet tlfeyoizrf.er N(;’_“e
v y 15‘

tinct. They have a cha
racter of i
demand recognition. their own and they properly

be sought for them.

A stru : .
order ma;tiza});zleztlon;‘hlp may be looked for on which the new
observed and tralced- W ortunatfely a distinct structure has been
constant and essential rough qu1t§ distinct genera; this structure
band th ssentia to .all. This relationship of structure will
. ese allied genera into a natural order
This order may be named E0aSCONES. .

In a system of classification a place must
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o a clearer understanding of the character of this
order if a term and a definition be introduced here. Pila. Ball.
Pila is defined as a ball, or tassel like mass, the individual
basal structure of the Calcispongiac included under the order
Eoascones. This globular mass has a close resemblance to a
minute compressed sponge. The diameter as seen in Cryplozoa
varies from .125 mm. to .50 mm. in diameter. While free and
unmodified it is nearly spherical, but pressed by aggregation of
numbers it takes on an elongated or other secondary form.

It is well displayed in what appears as the lighter bands or
laminae of the concentric structure of the Cryptozoon. These
lighter bands seen in the microscopic field seem sown with indi-
vidual pilae. More compressed however the pilae mass together
leaving among themselves those irregular canals which so char-
acterize the organic structure of the Cryptlozoa. By greater
compression the pilae lose their individuality and appear amore
compact mass, yet in the main retain their spongy character.

It may help t

EOASCONES. Dew order.

FEoascones, an order of calcareous sponges mostly spherical,
rarely discoid or turbinate, canals irregular or indistinct, with
or without laminae, the essential structure being of pilae.

Found thus far in the Beekmantown, Chazy and Black River
rocks.

The order includes the genera FEospongia. Stromatoceriiiit,
Cryptozoon, Strephochetus, and Wingia; allof which are pilae
bearing. It probably includes forms which have been charac-
terized as of ¢ curdled '’ structure. It separates sharply Stro-
matopora which is found in the Devonian from the two genera,
Cryptozoon and Stromatocerium that have been confused with

it.

FAMILY.

STROMATOCERIDAE. New Family.

Characterized by a very pronounced band-

Stromatoceridac.
ture varying from a mass of loose balls,

ed structure this struc
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pilae, with scarcely noticeable arrangement, to the most com-
plete alignment of these pilae into compact concentric or rarely

tubercular or tabular growths. No regular series of communi- -

cation exist between the bands of laminae, circulation having
been apparently through minute pores.

The family is separated from the Strephochetidae by the
absence of the twining canals of the latter; from the Stroma-
toporidac by the absence of the radial pillars which connect
laminae such a prominent characteristic of this tamily, which
also has been described as found at a much higher horizon.

‘CLASSIFICATION,
The following provisional scheme is here exhibited as one

giving Cryptozoon an orderly place in the system of classi-
fication.

Sub-Kingdom......._.................Coelenterata
Sub-Branch.......................,....,..Porifera
Class............ . ... ... <+e«.......Spongia
Sub-Class..................... ... .Calcispongiae
Order....................... .....Eoascones
Family................. ... Stromatoceridae
Genus............ «++evv vovv.... Cryptozoon
Species..............................C. proliferum

¢ v .. CLosteeli

‘e .. ..C. saxiroseum
, ‘e Tt i e L. Cl wingi

¢ « v« .. ...Others

‘«CONCLUSIONS,

Upon the surface or alang the borders of the upper Cambrian
rocks was laid anotber formation of rocks of various kinds,
some siliceous, others mixed siliceous and calcareous, still others
combined calcareous and magnesian and a few purely cal-
careous,

A portion of this old time sea producing these rocks may be
<delimited as sweeping in an irregular crescent from Atlantic
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ssion of the St. Lawrence,

; he depre
back to Atlantic through the dep hen narrowing and reach-

broadening at Lake Champlain, t "
ing the ocean through the Hud-so.n \'fa .e} ..h e is
To the water making the semi-circuit the t¥
o

Early or Eochamplain Sea.
In these waters sea plants'g
type but one, found here therr hc')mel,s owing in
Among the lowly forms of animals gr g I e e
increasing by concentric lamin pro 8 -
Watezs (;Vajlc?;zous mass. On the stony remarns of this ant
rounded ¢

i -y pLoZ00N «
e this memorial name. Cryptozoo

given, the

rew; and animals of every known

the shallower

we engrav
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B
eekmantown and Chazy Formations in the Cham-

plain Valley, Contributions to their Geol-
ogy and Paleontology.

H. M. SEELY.

I. TH IN "ON
E WING CONGLOMERATE; AND 2 WINGIA

The Ver ;
answeredem;lont Geological Survey left a large question to be
were bu ‘}\]7 en the marbles and limestones of Western Ver
i nched, and were named ¢« Eolian limestone.,*’ mont
: . e.
alentse?Eo’i‘]an limestone what? What its age? What its .
. i ¢ e -
Wing in tl0 alns“o%' t.he complex question the Rev. Au L?:tlt‘;s
R h;e ate sixties and early seventies gave years gof his
stor;e is a s accepted reply in effect was, that the Eolian lime-
o o t}1']1”1215135 name for the calcareous rocks between the sand-
e ed t}(;tsdam l?elow and the layers of the Utica Slate
that ti.me ar; o eéele%ulvalent rocks were those recognized at
. e Calcifero
tions. us, Quebec, Chazy and Trenton forma-
O .
portlilj Oi t11;e most satisfactory fields of Wing’s study wa
n . vas
stratiﬁcat)tic:neax:(;“fn o‘fIShOfeham, Vt., where the rOCkSybY the;
ossils revealed to hi i
Among th im their true character.
‘e OPhgirletZ Sl;[:';a”njhmed ;‘nd emphasized in his notes were the
e “ Trilobite bed ”’
erate bed.” ek and the ¢ Conglom-
is to be direct’ellihIS | C;’ngld()merate 7 to which special atte%ltion
. was placed by Mr. Wing 1
. . . g in the
JU¥hab;ve ll)ns Ophileta beds of the Calciferous Quebec Groap
(] ue - . ‘
ature, and tlfec gl;cl)cux}f) haV”}g disappeared from geological liter-
] s erous formation having f
e : gfounda
qs\lv\;alten}tl in the term Beekmantown, a new questio::;ie recent
‘ . ; N ses:
crae ; ;ye hCX‘IZOIl at which Mr. Wing found the < Conesl’
ed?”’ second questio giom-
’ n naturally £ . e
‘What the character of this conglomerate? y follows and this;
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or later consideration we may
That the beds named be-
that is in

Leaving the second question f
answering the first.
here Mr. Wing placed them,
o the geological language of his time,

has been fully proved by the discovery of abundant fossils of
Ophileta complanata in the rocks of East Beekmantown, N. Y.i
the deposit here being so rich in this and other forms that the

locality has given its name to the formation displacing Calcifer-

ous by Beekmantown.

The fact that the r
a thickness of 2,000 feet leaves the ex

give ourselves to
long to the formation W
the Calciferous according t

ocks of the Beekmantown have in some
cases act horizon of the
conglomerate still uncertain.

DIVISIONS OF THE BEEKMANTOWN.
r knowledge of the little that was known of
this formation at the time of Mr. Wing’s explorations and
observations have indicated that the rocks of the Beekmantown
may be distinguished into five Divisions, A B CD E, counting
upwards from Aj these divisions based on the character of the
rocks and their contained fossils.

For discussion of the Beekmantown fossils and divisions of
rocks the reader is referred to the early volumes of the Bulletin
of American Museum of Natural History, particularly in refer-
vision here cited to Vol. 111, pp- 2-3 189o.m

It is very well established that the Ophileta bed of East
Beekmantown is contained in the lower part of Division D, that
is the fourth of the ascending series of the five divisions.

Additions to ou

ence to the di

LOCALITIES OF CONGLOMERATE BED.

The conglomerate has not been recognized at the top of the

Ophileta bed at Beekmantown. In Shoreham it has been found
at least at two localities. On Providence Island, Lake Cham-
lain, there is a bed like those of Shoreham. At Ball’s Bay,
Ferrisburg, Vt., also is found a deposit of conglomerate and

this at the horizon of those at Shoreham.
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HORIZON,

The associated rocks whose horizon can be clearly made out
enable one to pronounce with emphasis the horizon of the con-

glomerate bed, and so it is determined to be near the top of
Division D, Beekmantown.

CHARACTER OF THE CONGLOMERATE.

The exact thickness of the deposit is not stated; that it exists
in force however is asserted.

Careful examination is still needed
to determine this point.

In description of its more particular properties the essential

part of the original statement reads: ¢ A conglomerate made
from flat and rounded pebbles from the quartzite below, the flat

ones one or two inches across, the rounded ones from coarse
shot to large bullets ; the paste a limestone.*’

A partial description by another hand reads: *¢ The lime
stone often appears to be a conglomerate, the small nodular
pebbles being somewhat angular and arenaceous.”’

Here then is described a limestone rock in the D Beekman-
town a portion of which is like a conglomerate while the source:
and character of the fragments are at Jeast partially indicated.

-The observations of the writer as to the character of the

conglomerate have been confined mostly to examples collected
at Balls Bay. But the horizon and general appearance of the

rock correspond with that of Shoreham and evidently they are
portions of the same formation.

SPECTAL CHARACTERISTICS OF THE CONGLOMERATE,

Plate XXXIX.

The wide spread occurrence of such similar material is notable.

At points fifty miles apart the same forces have been at work.
Similar results have been attained. Was it really by the break-
ing of the rock and rounding of fragments that these discoid and
spherical masses had their origin ? The associated deposits

seem to have been laid down in quiet waters. The flattened

3 . 1
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a g i
specles as deSC]lhed y / a d O dg a d it a
I) b \/Vlng stan 1 € e 1 €S
“ 1S (ll”i( lllt to ll“agllle ll()W 1 elther S\Vlft or SIOW runnlng
waters th p : S y re.
a ese ortions W()uld be lald t()gethel as the are

) g "ONGLOMERATE.
ORIGIN OF THE MATERIALS OF THE CONG

Now while it is too early in the investig?.tio}ln to aslsoerr;etr}:tt
there are no quartzite or arenac{eo;ls pebgiensgfl;e :I?;gspherical
it 1 id that many o e su
lleatsss;sowl;iclsla;?mulate peb)l,)les in size' and appeara};czrh?}:/: ftll;li
smooth uniform surface that appears 1n a Sole:’npoaco or the fne
lined Prasopora. Thin sections under the mlCl"O; O;; o allied
do not give the structure of Sn/.enpora, Pra.'mpm. , e
Yet the structure is plainly of organic origin. ¢ eve-
fons 1 been so many times repeated that the erteI: 1s forc L
:;O?lfeh(?;fclusion that he has been dealing with a fossil and not !

with an inorganic mass.
INDIVIDUAL STRUCTURE.

. iy sl

The structure, though pronounced, 1s unlike ar}lywplt'izlsius;n}i
examined. It seems made up of tufted balls. or polf ,regular ™
discriminately mingled without the sugges'tlon .
broken canals as found in the Stromatocerta or L7y

AN UNDESCRIBED FOSSIL.

' ly or-
From among the pebbles, concretions, and obscure {[0\\ yand
. i ) ‘ Jeekmantown
ganisms, notably abundant in the Chazy a.nd l?eekr;l o
as notat:ly confusing, there emerges a deﬁnlt‘e thoug . Candnot o
form. Its structure is so evidently organic that 1
left with pebbles or concretions.

RELATIONSHIPS.

in time, away from
1 in the rocks, and back in ;
As one goes down 1n t 5  from
existing afim'll forms, he need not be suljpnbed that t};z ehee
form does not drop readily into any previously alrranrgouped o
of classification. Often the early forms must be g

13
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It is with this basal layer of the Chazy and equally with the
highest that we are at this time concerned. Yet a passing glance
as we go from the lowest to the highest strata will be instructive.

In certain localities one need not go high up to reach the massive
crinoidal beds, with their red dots, and the strange little Solbopo-
rites which when sawn form the elegant Lepanto marble. The
Orthis layers have in time past been the source of a lime burning
industry. Stromatoceria corals, delicate bryozoans, univalve mol-
lusks as Raphistoma, Scalites, Metoptoma, and the like, mark
certain layers, while cepalopods and trilobites reveal what was
once the population of this sea.

If we call this portion division A, just above in division B we
shall find massive layers which have made the Chazy commercial-
ly noted. From these layers the Isle La Motte limestone has sent
out for over a century marble like blocks much demanded for
construction, and particularly for sawing into floor tiling. Within
these squares of tiling will frequently be seen sections of the coiled
Maclurea magna the most known characteristic fossil of the
Chazy and also with it the massive Stromatocerium lamottense.

Above this division B comes C the third and uppermost, not
distinguished indeed by its valuable quarries but notable for the
wealth of its fossil forms. Sponges, corals, bryozoans, brachi-
opods, univalves, chambered mollusks straight curved and coiled,
and trilobites, all found their homes in the waters of this old time
sea. Whole layers, as certain portions of the Rhynchonella bed,
are made of the hard rermnains of these animals.

The uppermost rock and fossil.

Coming now to the upper limit of the Chazy one would gladly
find a stratum or layer as prevalent as is the sandstone at the base,
Few opportunities for accurate determination occur. But in most
cases seen there is a strange duplication of what is found in the
uppermost layer of the Beekmantown; a inagnesium limestone,
which in color and fracture so resembles the mentioned rock that
in labeling a hand specimen one must be guided by the association
rather than by the eye. In rare instances there occurs a thin layer
of sandstone over the limestone; but probably this may be regard-
ed as exceptional. .










Prate XLII.

Rhinopora prima after Whitfields Figure,
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VI, PRASOPORA.

The puff ball form of this genus so characteristic of the rocks
of the Trenton is found from bottom to top in the formation in
Vermont. Some layers are so crowded with the fossil as to
produce continuous sheets which when broken up form small
bowlders.

Early recognized, early described and pictured, it has passed
under several generic names. However it seems now to have
come to an undisturbed rest under the designation of Prasopora
lycoperdon. Generally so uniform in structure it is easily de-
tected; a low dome or sharper cone which in very rare cases
branches, its coarse tubes .50 to 1. mm. in diameter standing
upon a wrinkled epitheca, this in shape like the bottom of a
glass junk bottle forms a conspicuous object in the rock.

The number of described species of the genus is not far from
twenty these being mostly found in the Trenton or equivalent
rocks. _

Relationship. The relationship of the genus is fairly repre-
sented in the following scheme.

SUB-KINGDOM V. AOLLUSCOIDEA.

Class I...............Bryozoa..................Ehrenberg
Order I............... Gymnolemata................Allman
Sub-Order B.......... Zrepostomata.................Ulrich
Family I.............Monticuliporide............Nicholas
Genus...............Prasopora......Nicholas and Ethridge

The members of the genus Prasopora have, as noted, been
heretofore described as coming from the rocks of the Trenton
formation. The genus however had an earlier existence.
Within a little time past it has been collected by the writer
from the underlying formation, that is the Chazy.

As readily anticipated the character of the form would differ
from the overlying later ones. And so it is. To the species
already recognized there is now to be added another, gathered
at a new horizon, and bearing distinct characteristics. This is
designated :

.




Prareg X1,V.

Yrno
Prasopora hero.n s

Somewhat reduced.

REPORT OF THE VERMONT STATE GEOLOGIST. 187

PRASOPORA HERO. M. Sp.
Plate XL/V.

The fossil Prasopora lero consists of a lenticular calcareous
mass of varying size and shape ; usual outline oval sometimes
however much elongated ; its lower surface rounded or boat
shaped. An example of medium size measures 100 mm. by 50
mm. with a thickness of 35 mm. Epitheca not well defined.
The form in the rock appears like a concretion, scarcely with
evident structure until microscopic enlargement, when it ex-
hibits tubes varying in diameter from .2zo mm. to .50 mm.,
these showing distinctly the characteristics of the genus.

Horizon. Thus far Prasopora hero has been observed only
at the horizon of the Alkynchonella beds, that is in the upper

part of C Chazy.

Locality. Shore of Lake Champlain, south of Eagle Camp,
South Hero, Vt.

Distinctions. The nearest neighboring Prasopora is P.
lycoperdon in the formation above, and from this form, the
horizon, the shape and especially the diminutive tubes, will
widely distinguish the Chazy P. Zero.









Prare XLVIL

2

Brandon Lignite.

—
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Plate XLVIII shows the best examples. As the fossil leaves
are almost exactly the color of the mass in which they are pre-
served, it has been difficult to photograph them with much de-
tail. Indeed there is not very much to photograph. Some of
the much decomposed bits of the lignite appear to be largely
composed of small bits of stems and leaves, but little could be
made out of any of these. The stems are mostly covered by a
much wrinkled epidermis, as if quite green when mixed up with
the surrounding mass, and the same is true of the midribs and
larger veins in the specimens figured. The perfect shape of
the leaves thus far found in fragments cannot be determined, but
it apparently would be much like that of an Ulmus or Betula
leaf. The leaves are all netted veined and the little angular
bits of white quartz are always associated with the leat frag-
ments. It has been my constant hope that some much desired
piece of lignite would turn up which should furnish better
specimens of the foliage of the trees from which the deposit
came, but thus far nothing of the sort has appeared, nor can I
find that any of the men who worked in the shafts ever saw any
leaves although they had sufficient curiosity to pick up and save
fruits which they valued as interesting objects.

In the article by Dr. Knowlton, which was originally pub-
lished in Torrey Bulletin, November, 1go2, and largely quoted
in the author’s first paper, there is a description of the micro-
scopic structure of some of the lignite and the name FPrtyoxylon
microporosum brandonianum given to this form. For two
years past Dr. E. C. Jefirey, of Harvard University, has kindly
examined all the specimens of lignite which I have sent and has
succeeded remarkably, when the difficulties of the task are con.
sidered, in making thin sections so that clear microscopic slides
could be prepared. The accompanying plates, though less
beautiful than the slides themselves, give a fair idea of the
character of the work done. I am sure that not the least in-
teresting part of Dr. Jefirey’s paper will be found in his very
lucid account of the methods adopted to secure the results ob-
tained from the intractable material in hand.

14
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Pae
52
"L

Fig. \'I.

l?ityoxylon microporosum brandonianam, Kn. Radial section
10. Same tangential. '
11, Carpolithes brandonianus.
12. Carpolithes brandonianus, Lx.
13. Aristolochites. Section near the middle x43.

14. Dicotylenous Wood. Tangential Section x73.

9.

Section near the base x50.
Section near base x30.

As it may be of interest to those who may not otherwise
have access to Dr. Knowlton’s paper and also give complete-
ness to the subject I repeat here the figure given in the last

Report which illustrates the microscopic structure of the lignite
which Dr. Knowlton examined.
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The Lignites of Brandon.”

BY E. C. JEFFREY and M. A. CHRYSLER.

In the spring of 1904 Professor G. H. Perkins sent to one of
usa number of specimens of the fossil woods from the well
known Brandon deposits. These were subjected to microscopic
examination with the aid of methods described below. The
study of this somewhat fragmentary material led to the investi-
gation of a large quantity of the lignites, which was supplied by
Professor Perkins from the collections in the Cabinet of the
State of Vermont and those of the Museum of the University of
Vermont. '

In preparing the material for study the following procedure
was adopted. The pieces of lignite were sawed into blocks
about one cubic centimeter in dimensions, care being taken to
have the surfaces of the blocks as nearly as possible parallel
with the three planes of section desired, viz.: transverse, radial
and tangential. In the less well preserved specimens this was
a matter of some uncertainty, but is important on account of
the greater resulting facility of cutting sections in accurate
planes. The blocks were softened and swelled by soaking for
two or three days in alkaline alcoholic solution, made by mixing
one part of a 10 per cent. aqueous solution of caustic soda with
two volumes of 30 per cent. alcohol. A simple aqueous solu-
tion of caustic soda, such as is generally advocated for use in
such cases, causes too great and rapid swelling, accompanied
by disastrous cracking of the blocks. This evil is corrected by
the addition of alcohol, which exercises a restraining influence.
The blocks after this treatment were washed for twenty-four hours

* R . i i i L ¥
Contributions from the Phanerogamic Laboratories of Harvard University, No. 6.



198 REPORT OF THE VERMONT STATE GEOLOGIST.

sides are dentate at intervals, indicating the position of the
original transverse walls, which disappeared when the vessels
became mature. Two of the transverse septa have persisted.
Frequently the vessels are more or less completely filled
with a dark brown homogeneous substance, which in all pro-
bability represents mucilage such as is often found in
no longer functional vessels in living Dicotyledons. The
vessels communicate with each other and with the sur-
rounding parenchymatous cells by numerous pits. These
are often very much elongated horizontally, especially
where they provide for intercommunication between ad-
jacent vessels. This characteristic pitting of the walls has
not escaped the attention ot Knowlton in the case of Zawurin-
oxylon branners, occurring from the Eocene to the late Tertiary
of Arkansas (Description of Fossil Woods and Lignites from
Arkansas, Annual Report Geological Survey of Arkansas, 18S9,
Vol. 2, pps, 749-767.). 1In the photograph just described, the
marginal cells of the medullary rays can be very well made out.

Photograph 5, Plate XLIX, represents a tangential section,
several vessels appear in the field of the photomicrograph and
are plainly partially included with the same mucilaginous
substance which has already been alluded to above. In this
plane of section the medullary rays appear as lenticular masses,
from one to three or four cells broad, which are terminated
above and below by pointed marginal cells.

Photograph 6, Plate XLIX, shows the structure of the wood
in the neighborhood of the vessels as seen in horizontal section
highly magnified. Each of the vessels present is obviously
surrounded with a layer of elements, which are distinguishable
from the libriform fibers which constitute the bulk ot the wood,
by their Jarger lumen. These cells when viewed in longitudinal
section, as in photographs 3, 4 and s, are seen to be parenchy-
matous elements.

The wood described above is named Laurinoxylon
brandonianum fromits origin. The diagnosis is as follows:

Transverse; Vessels occurring singly, but sometimes in twos
and threes: 70-140 micra in diameter, surrounded by masses of
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parenchyma, which in the autumn wood tend to joinftangen-
tially ; rays numerous, narrow; wood mostly formed of narrow
libriform elements. .
Tangential: Vessels septate, the septa sometimes 'persfltst-
ent, lumen often filled with dark browr'l c'ontents, Pltsl o 11en
horizontally elongated ; rays with very distinct marginal cells,
which are more or less longitudinally prolonged; 11br1f'or;n
fibers long with very narrow lumen, often wholly or partially

; und-
“occupied by dark brown contents; parenchyma cells surro

ing the vessels two or three times as long as broad, rather
thick-walled. '

Radial: Vessels with horizontal slit-l'ike pits E.Lnd often
clearly septate, rays with very distinct Pomted marginal cellf.

In addition to the Laurinoxylon described above, there were
present among the lignites from Brandon very numerous exam}.)les
of another Dicotyledonous wood, in a bad state of .preservatlon.
Photograph 7, Plate L, shows a tran‘sverse view ?f one
of the less badly preserved specimens of l.hlS x.voc?d. . The 1ays‘ fllre
obviously large primary ones; with indistinct indications ?f smaller
secondary rays between. The elements of the wood are in general
badly preserved, the vessels being 1.no§t f:learly' 1‘ecogmzab‘l<:.
The fibers are indistinguishable and it is 1mposs1b'1e t.o dem‘ce
whether they are fiber-tracheids or of the type ordinarily d'e51g-
nated libriform. Photograph 8, Plate L, shows a more highly
magnified transverse view of the wood. Here the secomlally
rays can more clearly be made out and the fact that the Vessel.s 2}16
grouped in tangential and not in 1‘adizﬁll clusters can be dlst1.n-1
guished. Photograph g9, DPlate L, illustrates the tangentia
section of the wood, in a specimen which presents the most
usual condition of preservation, i. e., that in whic.:h the rays alone
‘maintain their structure, the wood proper having more' or }ess
completely collapéed. Photograph 10 shows the tangentxal.- view
more highly magnified. The secondary as well. as the ll)nvmar‘y
rays may now be made out. The cells of both kinds of rays are
filled with a dark brown substance, which appears .to have poss-
essed considerable antiseptic properties as may be inferred from
the better preservation of the rays. Photograph 11, Plate L,
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shows a highly magnified image of the inclined end-wallg
of the vessels. They are obviously of the scalariform type,
which is found in many of the Dicotyledons. The number of
bars in the scalariform terminal walls of the vessels varies from
16 to 60. The diameter of the vessels is very variable but aver-
ages about 40 micra.

It is quite impossible to place this wood with any degree of -

certainty in its true affinity, on account of its imperfect condition
of preservation. It can, however, scarcely be a ‘¢ Betuloxylon
since the groups of vessels are arranged tangentially and not
radially as is the case in the wood of Betula. The description
given above will, with the photomicrographs, suffice for its iden-
tification in case better preserved specimens of this lignite are
subsequently found. It seems probable that the same wood has
been referred to by Dr. Knowlton in the article already men-
tioned.

In one of the specimens of the lignite thus described, an inter-
esting fungus was found. Photograph 12, Plate L, shows
the general character of the fungus as seen under low mag-
nification.  Photographs - 13 and 14, Plate LI, present a
somewhat more highly magnitied view of the fungus in question.
It appears in rounded alveolated masses which are occasionally
obviously connected with a mycelium. Photograph 15, Plate
LI, shows two of these masses somewhat highly magni-
fied. One of them is clearly in continuity with a mycelial fila-
ment. In the same field may be seen what appear to be rounded
spores, which have possibly originated from the disintegration of
the alveolar masses just described. Professor Farlow has been
good enough to examine the fungus, and thinks that it is impos-
sible to say more in regard to its nature, than to indicate that it is
a sclerotium stage of some sort. It is accordingly named Sclero-

tites brandonianus from its place of origin. The ulvelolar

masses are about So mz/cra in diameter and possess a rather thick
outer wall. The internal chambers or spores are sometimes oc-
cupied by mycelial filaments.  No clamp connections were observ-
ed in any of the mycelium.

Only one gymnospermous lignite was found among the remains

PLATE XLIX.
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from Brandon, apparently a species of Pityoxylon, much less well
preserved than that mentioned by Dr. Knowlton. (Knowlton,
0p. Cit.). Photograph 16, Plate LI, shows this lignite
in transverse section. It is obviously much decayed but resin
canals and medullary rays can still be distinguished, although the
tracheary elements have collapsed into an almost homogeneous
mass. Photograph 17, Plate LI, shows the features of the
tangential plane of section, under a low magnification. The
fact that most of the medullary rays are of the linear type, although
a few are fusiform, can be made out. Photograph 18, Plate
L1, shows one of the fusiform rays and several of the
linear rays highly magnified. There can be little doubt that we
have here to do with a Pityoxylon, probably the same as that de-
scribed by Dr. Knowlton in the article already cited, although in
both cases the material is too badly preserved for accurate
diagnosis.
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Fossils of the Lignite.

G. H. PERKINS.

In the paper preceding this the author has mentioned the ac-
count of the fossils found in the lignite up to the time of writing
As the Fourth Report stated, a considerable number of nevx;
specimens have since been obtained and many of those found long
ago have been restudied. The results of this work are presentea
in the following pages.

In the article on this formation in the Fourth Report the author
desc1.‘ibed 118 species as new and redescribed 20 that had been
previously named by Lesquereux and others. In all there are in
that Report 172 figures of these fossils. In this Report, besides
fhe de?scription of the lignite itself and its microscopicall study
just given, 36 new species are described and figured. Two of
these were described, but not figured, in the Fourth Report. For
convenience of reference, a list of all the described fossils from
this deposit is given at the end of this article.

A change in nomenclature has been thought advisable so far as
the old genus Carpolithes is concerned. In the previous Report,
fo}lowing Lesquereux and others, several species were referred to
this genus. The forms found in the lignite are, however, so well
defined and so distinct that it seems best to establish a’separate

genus for them and accordingly T have proposed the new genus
Glos:socarpelliles, so named because of the tongue-like valve
opening. Inthe Bulletin of the Geological Society this term is
first used and under it are placed all those species which in the
Fourth Report found place under Carpolithes. This old genus,
never well defined or limited, has become so all inclusive asoto be
practically without meaning or value. At least this is the opinion

of the writer. The above is the only change which has been
made.
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When we consider the great variety found in the fossils, as
shown by the plates in this and the former Report, and the very
small variety which Dr. Jeffrey was able to discover in the masses
of lignite which he examined, the discrepancy seems incredible.
But Dr. Jeffrey assures me that such facts are not unusual in simi-
lar cases, that is, it is not uncommon to find in deposits consisting
of but a few species of wood a much greater variety of fruits or
seeds. And it is easily understood that so readily transported ob-
jects as seeds or the lighter fruits would generally be assembled
in greater variety than the less movable wood of the trees from
which they came whenever any accumulation of the debris of a
forest was gathered in a small locality by whatever means.
Moreover, the fruits or seeds are much less liable to be destroyed
by decomposition than the wood.

Still the large number of species found in the very small area
occupied by this deposit is very surprising. It can only be said
that the fossils are before us and that it certainly has not been
either the intention or desire of the author to create any larger
number of species than the character of the specimens warrants.
Anyone interested can examine the photographic reproductions of
the specimens described and form his own opinion.

Of course it may happen that new masses of the lignite may be
uncovered in future digging and intermediate forms thus brought
to light which will so connect some of the species now apparently
distinct that the number will be reduced, but this does not seem
probable.

That forests of some considerable extent existed in Vermont in
later Tertiary times is proved by the existence of these deposits,
but no slightest trace of them has thus far been discovered aside
from this lignite with its fruits. Apparently the great disturb-
ances which occurred during the Pleistocene obliterated all truces
of these Miocene forests. If at any time a series of shafts can be
sunk upon the lignite deposits, we shall probably thereby not only
learn more than we now know as to its area, but undoubtedly,
know more about the fossils which it contains, As has been
noticed previously, the few shafts which have been dug during
the past two or three years in the immediate neighborhood of
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‘those from which lignite had been taken did not encounter it at
all,

The author hoped, as indicated in the former Report, that ex.
tended study of a large number of recent fruits from different
parts of the world would throw light upon the character of the
Brandon fruits so that, at least in some measure, their botanical
affinities could be ascertained, This much desired result has not
Resemblances in form and external
appearance have indeed been found, but anything like identity of
the fossil species or genera with modern forms has not been dis-
covered to any extent.

been reached to any extent.

In the fossils which have been referred to
‘the modern genus ANyssa the aflinity of fossil to recent species
has been most apparent. Some of the fossil ANyssas are quite
like some recent species and the same is true in a less degree of
the Cinnamomums and Juglans.

As noticed in a former article, there is greater resemblance, at
least superfically, between the Brandon fruits and those of Aus-
‘tralia than [ have found elsewhere. And in some respects this
similarity is very noticeable, but much more complete investiga-
tion and comparison than has been possible is necessary before
any definite conclusion can be reached. It is interesting in this
connection to notice an article on Fossi. PLANTS FrROM THE
Urrer TERTIARY AURIFEROUs DRriFTs oF NEw SouTH WALES
by Baron von Muller (Annual Report of the Department of
Mines, New South Wales, 1875, Appendix pp. 124-126, Plates
1, 2.) The vegetable remains described and figured in the above
article are all fruits and while none of them exactly resemble
those we are considering, they are, some of them, not very dif-
ferent from some of ours. It is not stated in this paper that any
-other fossils aside from fruits, were found in these gravels.

Apparently, the internal structure of the New South Wales
fruits can be more completely made out than that of our speci-
mens, Of the three species which Baron von Muller has fig-
ured on his two plates, one he regards as belonging to the A/enis-
permaceae and the other two to Coniferae. The similarity of
some of the Brandon fruits to those described by Bowerbank

srom the London clay of Sheppey and also to those which Heer

e Y
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has described in FLORA HeLvETICA was long ago noticed by

reux.
Le;?:se;zl;ie\'ed that the figures of the fruits described il:l the fol-
lowing pages can convey a more accurat.e idea ot the ob]-ectsnlhana
any descriptions, hence these are made brief. All the figures are, as
have been all that have been published by the a;uthox", repro’ductlons
of photographs. Measurements of a\.rerage specimens in tvho%e
cases where several were at hand are given, not because they are
of very much value in themselves, but because at least the pro-

portions of the species can best be understood fron them. Of

course they are to be considered as only approximate for speci-
mens other than that measured. ' '
As two plates published in a Bulletin of the .Geologlcal Society
of America include some characteristic species taken ’from the
plates in the Fourth Report and also some ﬁgures‘ not given else':-
where, I have included them among the plates illustrating this

article. For the use of Plates LII and LIII I am indebted to the

Society.
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Description of Lignite Fossils.

Gexus GLOSSOCARPELLITES. Perkins.
Bulletin G. 8. A., Vol. 16, page 510.

As has been stated, those species which in the previous Report
were included in the old genus Carpolithes are here placed in the
new genus Glossocarpellites. This may be defined as follows :

Fruit a carpel, oval or ovate in outline, usually large, 25 mm.
.75 inch or more in length. In most cases longer than wide.
Thickness quite variable. Some species are nearly cylindrical,
others flat so that a cross-section is elongate-oval. This is shown
on Plate LXXV of the Fourth Report. The fruit is one celled,
opening by a single, tongue-shaped valve which is in most cases
mucronate at the apex. The surface is variable. It is some-
times smooth as in Figure 16, Plate LIII, or it may be rough as
in Figure 17 of the same Plate. The base of the fruit is usually
thicker and narrower than the top. The following species are
given here. TFor others see list at the end of this article.

GLossoCARPELLITES GrRANDIS, Perkins.
Plate L1V, figs. 1. 2, 3.
Carpolithes grandis, 4th Vt. Report, 1904, p. 178,

This is larger than any other species found in the Brandon localitv.
It is not common, only four or five specimens having been seen.
The specimen shown in the figures named is of average size.
One considerably larger is among those in the American Museum

of Natural History, New York. This was collected many years

ago by Dr. Hitchcock and is the specimen figured in the Ver-
mont Report of 1861 and placed by Lesquereux under Car-
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polithes Brandoniana Var elongata from which it seems to be
clearly distinct.

All the specimens found are somewhat imperfect, the valve
especially is likely to be missing. For so large a form this is
quite thin and flat. It is possible that this may prove to be an
unusually large form of G. brandonianus, but all the specimens
of the two forms thus far discovered are easily separated. The
specimen figured is 42 mm. 1.65 in. long, 28 mm. 1 .1 inch wide
and 10 mm. .4 inch thick.

GLOSSOCARPELLITES PARVUS, Perkins.

Plate LII, fig. 15.

Glossocarpellites parvus, Perkins, Bulletin'G. 8. A. Vol. 16, p. 510.
~ Carpolithes parvus, 4th Vermont Rep. p. 179.

Like the preceding, this form was described, but not figured in
the last Report. It is much smaller than any other of this genus.
It is, however, relatively thicker and narrower.

Gexus MONOCARPELLITES, Perkins.
Fourth Report Vt. Geologist, p. 18C.

As stated elsewhere, the fruits referred to this genus resemble
some of the nuts of modern species of Juglans, but T cannot make
them identical. This form is usually oval or ovate, surface in
most cases regularly ribbed lengthwise or, instead of ribs, there
may be furrows. There is but a single cell opening by a more or
less triangular valve. Most of the species are comparatively thin
as found, but, in some measure at least, this may be due to flat-
tening. The greater number are of medium size.

Monocarpellites appear to have been more abundant in the
forests which made the lignite than other forms, or else they
have Deen less hable to decomposition. With the number of
specimens at hand, it is extremely difficult to discover how
much allowance to make for individual variation, but the follow-
ing species appear to the author to be  well defined.



208 REPORT OF THE VERMONT STATE GEOLOGIST.

M()N()CARPELLITES AMYGDALOIDUS, nov. sp.

Plate LIV. fig. 4.

Fruit elongated-oval, blunt pointed at each end, surface not
ribbed except at the upper end, where there are few sharp
ridges or elevations which extend about a third of the distance
below the end. The cell walls are very thick and the remains of
the cavity shows in cross section as a strongly curved line.

Length, 26 mm., 1 inch, breadth, 15 mm., .65 inch, thickness,
gmm., .35 inch.

MONOCARPELLITES MULTICOSTATUS, nov, sp.

Plate LIV. figs. 5,6, 7.

Form broadly ovate, flat on one side, moderately convex on the
other. Surface covered with numerous, but not very distinct,
costz, there heing about ten on each side. These ribs are very
regular and equidistant. They are not as distinct in the figure as
they should be. The surface is not smooth, but, as the figure
shows, roughened by fine and rather irregular papille. As
figure 7 shows, the cell walls are thick and the cavity much
curved. This fruit is unlike any other that I have seen and ap-
pears to be well preserved. As figure 6 of the edge shows, it is
a moderately thick form. The upper end is mucronate, lower
thicker and ronnded. Length, 24 mm., .9 inch, width, 21 mm.,
.85 inch, thickness, 10 mm., .4 inch.

MONOCARPELLITES PRUNIFORMIS. NOV. Sp.
Plate LIV, fig. 8.

This species resembles A/ amygdaloidus, but is much
heavier and larger. Its form, that of a plum stone, suggests
the specific name. The surface is not ribbed, but is somewhat
wrinkled and roughened. The ends are blunt edges somewhat
angular, walls thick and consequently the cavity must have been
small. Length gomm., 1.2 inch, width, 17mm., .68 inch, thick-
ness, 12 mm .5 inch,
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Gexus BICARPELLITES Perkins,
4th Report Vermont Geologist.

On examination by cross section a considerable number of the
Brandon fossils proved to be two celled. The form of these was
very variable. Indeed a short acquaintance with these fruits
shows that the external appearance is no guide to their internal
structure, and it is often impossible to decide whether a given
specimen is one, two or three celled before sectioning. Evidently
many of the specimens were not fully ripened when they were
fossilized and hence, if the valves would ever have opened, they
had not done so, and even when in mature specimens the valves
are plainly open, in immature ones of the same sort the line of de-
hiscence is scarcely visible. Most of the larger species did finally
have wide open valves, but often they are entirely closed in the
fossil. Some of those that are one celled are thicker, and even
more triangular, than some of those that are two or three celled. I
have found no large fruit that was more than three celled and
only a few of the smaller species, though some of these latter are
many celled.

I am not unaware that my classification, by which all one celled
fruits are separated from two celled and three celled from each of
these, is open to criticism, since in recent plants the number of
cells in the fruit may not always be the same in different species
of the same genus. Therefore it is not true that difference in
the number of cells necessarily indicates generic difference though
usually it does. Under the circumstances, however, it seems best
to place the fossils in groups according to the number of cells
found by making a section across them. Of course these are not
the only characters by which they can be arranged.

The following species are placed in the genus Bicarpellites,
mainly because they are two celled, while those forms most nearly
allied to them in appearance have a different number.

BICARPELLITES ABBREVIATUS, NOV. $P.
Plate LVI, fig. 1.

This is one of the smaller forms. [t is nearly orbicular in out-

line, rather thin, upper end acuminate, lower rounded and, as is

15
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usually the case, thicker. The surface is costate there being six
sharp ribs. The valves are triangular, distinct, open about a
third of the length. The lower end in the specimen figured
shows a distinct cicatrix. Length, 17mm., .67 inch, width,
15mm., .57 inch, thickness, Smm., .3 inch.

BicARPELLITES ATTENUATUS, nov, sp.

Plate LIV, fig. 9.

This species is of a form quite unusual among these fossils.
In cross section it is nearly quadrangular. The sides are
straight and the ends blunt pointed. On each of the broader sides
there are two or three irregular ribs. The form and thickness,
nearly equal to the width, serve to define this species. Length,
jomm., 1.2 inch, width, 22mm., .46 inch, thickness, rgmm.,
.33 inch.

BICARPELLITES BICARINATUS, nov. sp.

Plate LIV, fig. 10.

This fruit is of medium or small size, oval in outline, rather
thick, ribs few, but well defined, two of these forming prominent
carinae, especially on one side, though on the reverse side there
are two ribs much more prominent than the others. Indeed,
these two larger ribs are the only ones that are continued from
end to end, the others fading out as they approach the lower end.
Both ends are rather blunt, valves thin, opening half the length,
acuminate. Section quadrangular. Length, 23mm., .9 inch,
width, 1smm., .6 inch, thickness, Smm., ,33 inch.

BICARPELLITES CARINATUS, nov. Sp.
Plate LIV, fig. 11.

Fruit of medium size, oval in outline, thick, but with thin,
pointed valves which open less than half the length. Ribs few,
one in the middle of one side forms a sort of carina, whence the
name. Upper and lower ends more nearly equal than is usual.
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Section irregular. Length 23mm., .9 inch, width 15mm., .6 inch,
thickness 8mm., .33 inch. . o o
This is somewhat similar to the foregoing, but it 1s unlike it

in shape and proportions..

BICARPELLITES CRASSUS, NOV. Sp.
Plate L'V, figs. 2 and 3.

Fruit large, heavy, quadrangular in section broadly oval in out-
line. Valves triangular, opening about a third of the whole
length. Ends obtuse and similar. The surface bears few, but
very wide costae. Length 27mm., .1.05 inch, width 2omm., .75
inch, thickness romm., 4 inch.

BICARPELLITES CRATERIFORMIS, NOV. sp.

Plate LV, fig. 1.

This very singular form may be due to distortiox.l, but so far as
its appearance indicates, it is not much deformed, 1f. at all. Itis
wider than long, which is very unusual in these fossils. In fact 'I
have seen no other specimen which showed this feature as promi-
nently. As the figure shows, the surface is costate, the ribs be.mg
distinct, somewhat irregular and unequal. At the lower end is a
distinct cicatrix much like that seen on a nutmeg. Length, 19 mm.,
.175 inch, width, 24 mm., .95 inch, thickness, 10 mm., .35 inch.

BICARPELLITES INEQUALIS, NOV. Sp.

Plate LV, fig. 4

This is a medium sized species, thick, surface smooth, b}xt
grooved, outline irregular or rather unequal, quadrangular in
section, cell walls ouly moderately thick. Length, .22 mm., .85
inch, width, 15 mm., .61 inch, thickness, 10 mm., .4 inch.

BICARPELLITES LANCEOLATUS, nov. sp.

Plate LV, fig. 5.

The name indicates the general form of this species. In the
figure it is somewhat enlarged. It is thin, with thin, pointed
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valves, About four prominent ribs on each side. Lower end

blunt, upper sharp pointed. Length, 27 mm., 1.05 inch, width,
16 mm., .65 inch, thickness, 6 mm., .6 inch.

BXCARPELLITES LLATUS, nov, sp.
Plate LV, figs. 6, 7.

Fruit broadly spatulate. regular, upper portion very thin so that
the edges are sharp. There are six pretty well defined ribs on
each side. 'The lower end is wedge-shaped and thicker than the
upper. Length, 26 mm., 1.03 inch, width, 22 mm,, .8 inch,
thickness, § mm., .7 inch. It is possible that this form and that
shown in figure 1 should be placed in the same species, the latter

being distorted, but on the whole I am inclined to regard them as
distinct,

BicArRPELLITES MAjOR, nov. sp.
Plate L'V, figs. 8, 11, 12.

This species in many respects reminds one of some of the forms
found in fuglans of the present, butit also shows important
differences.  As the figures show, it is one of the largest of our
fruits. The surface isirregular, not distinctly ribbed, ends pointed,
cross section, as in figure 8 quadrangular with crescentic cavities.
Thick, as shown in figure 11. The walls are moderately thick,
as shown in figure 8. Probably the fruit has shrivelled somewhat.
The specimen figured is 39 mm., 1.5 inch long, 21 mm., .52
inch, wide, 12 mm., .47 inch thick,

BICcARPELLITES MEDIUS, nov. Sp.
Plate LV, figs. 9, 10.

This species in form closely resembles a Glossocarpellites, but
its two cells are, as figure 10 shows, very plainly shown. It is of
medium size of an oval outline, valves opening widely and half
the length. Surface without ribs, but somewhat rough. Sides
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and edges flattened. Length, 23 mm., .9 inch, width, 14 mm.,
.56 inch, thickness, 7 mm., .28 inch.

BICARPELLITES BREVIS, NOV. Sp.
Plate LV, fig. 13.

This is one of <th'e smallest bicarpellites that has been found.
As the figure shows, it is somewhat distorted, though not grfea'tly.
There are five large and not prominent ribs. Probably the original
outline was oval. Relatively it is rather thick. The length is
only 15 mm., .6 inch, width, 11 mm., .45 inch, thickness, 5

mm., .2 inch.
BIiCARPELLITES OVATUS, NOV. SP.
Plate LV, fig. 14.

This is an elegant little species of very regular ovate outline.
The figure shows it somewhat enlarged. The surface bears a
few very large not prominent ribs, One side is much more con-
vex tha;l the other, the more convex being shown. The valves are
thin, pointed, and open more than half the length. 'It hzfs much
the appearance of some of the Monocarpellites, but is plainly ?\VO
celled. Length, 20 mm., .8 inch, width, 15 mm., .S inch, thick-
ness, 9 mm., .35 inch.

BICARPELLITES PAPILLOSUS, NOV. Sp.
Plate L'V, fig. 15.

This is a large, fine species, distinctly marked by numerous not
very distinct longitudinal furrows. Between these narrow fur-
rows the surface forms low, rounded ribs which wheun slightly
magnified are seen to be rows of papille. I have not been able
to get a photograph that shows this well and it can be only very
indistinctly seen in the figure. There are some 18 or 20 of. these
furrows in all and, of course, the same number of low ribs or
ridges., The papillee are formed by the crossing of fine lines
which divide the ribs into many little squares and each of
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these rises in a little rounded tubercle or papilla. In cross
section this form is much like figure 8, but is less angular. The
ends are rounded and very similar. At one end are two thin
valves opening only a small portion of the length. It seems very
possible that this fruit, as also many of the others, had originally
a husk or shelly covering of some sort, but if so all traces of it
have disappeared. The length of this species is, in the specimen
figured, 31 mm., 1.23 inch, width, 19 mm., .73 inch, thickness,
14 mm., .55 inch,

BICARPELLITES, PARVUS, nov, sp.

Plate LV, fig. 16.

Aside from B. minimus and brevis, this is the smallest of the
genus. The surface is smooth, but there is a not very distinct rib
running through the middle as seen in the figure g, each side of
this is an indistinct rib. Each end is somewhat pointed. The
valves are broadly triangular and open only a short distance.
Length, 17 mm., .65 inch, width, 12 mm., .5 inch, thickness,
8 mm., .3 inch.

BicArRPELLITES QUADRANGULATUS, nov. sp.

Plate LVI, fig. 2.

Fruit apparently much shrunken, cross section strongly quad-
rangular, but it was probably more nearly cylindrical when fresh.
That is, this species seems to have been more succulent than most
and consequently it has suffered more change of form. It is
plainly two celled and was attached to a stem at the lower end.
There are no ribs or other elevations on the surface. Length, 21
mm., .85 inch, width, 13 mm., .5 inch, thickness, ro mm., .4

inch.
BicARPELLITES QUADRATUS, nov. sp.

Plate L'VI, fig. 3.

Fruit of more than medium size, thick, heavy, sides nearly flat
so that a cross section is nearly a regular quadrangle. The out-

_—
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line is also more quadrate than is usual. Thfe surface is indistlri)ct;
ly ribbed and is rather rough. The thin, pointed valves open bu
a short distance, not more than a fourth of tFle length. The tv;()
cells are very distinct and separated.by a thl.n septum. Length,
24 mm., .9 inch, width, 18 mm., .7 inch, thickness, 9 mm., .35

inch.

BICARPELLITES SOLIDUS, NOV. Sp.
Plate LVI, fig. 4.

Fruit of medijum size, rather thick, surface with numer.ous pretty
regular ribs which converge at the lowe.r end., The thick ;zlilves
open about half the length. This species cl(')sely resembl.e A ono;
ca}'pelli'tes ovalis and would be placed with t}_lat \‘Nelfilt I:}C:
plainly two celled. Still, this is smaller and. thicker. ength,
22 mm., .8 inch, width, 17 mm., .65 inch, thlckness', 9 mm., .335
inch. The above apply to the specimen figured, which 1is shown
somewhat enlarged, other specimens are larg@'.

BICARPELLITES SULCATUS, NOV. Sp.

Plate LVI, figs. 5, 6.

Fruit lance-oval in outline. Four well defined ribs on eac‘h
surface. These ribs are rounded and rather wide. Except that it
is two celled, this form would be placed with the Monocarpel-
lites which, exteriorly, it much resembles. As figure 6‘show_s,
the valves open wide and for about half the length. In .thls, as in
many other of these fossils, one valve is much more widely ope.n
than that on the opposite side. As in so many of these. spe:.cl-
mens, the lower end is blunt and the ribs conv-erge at a cicatrix,
while the upper end is thinner and sharp p01ntfad. Asl ha?/e
elsewhere noticed, it is very commonly the case with these fruits
that the upper end is much thinner and shaf‘per than the 10.we}11‘.
This is a medium sized form, the length being 25 mm., I 1nch,
width, 17 mm,, .7 inch, thickness, .1 mm., .45 inch.
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GEnvus TRICARPELLITES, Bowerbank.
TRICARPELLITES CURTUS, nov. sp.
Plate LV, figs. 7, 8.

This is one of the smaller fruits and resembles a large beech
nut.  As the figures show, it is about equally three sided, and
the width is but little less than the length. The valves open
only a short distance, surface for the most part without ribs,
but sometimes there are indistinct elevations at the lower end,

but they soon fade out. The length is 18 mm., .73 inch ; width,
13 mm., .5 inch,

TRICARPELLITES TRIANGULARIS, NOV. sp.
Plate LVI, figs. 9, 10.

This is a very distinct and unusually regular triangular form.
Each of the three sides, which are nearly equal, is broadly ovate,
strongly ribbed by somewhat irregular and sharp ridges, two of
which on each side are especially conspicuous, the others being
more or less incomplete. This species is larger than most,
though by no means one of the largest. I have seen only one
specimen which is well preserved and perfect in form. It is
in the Dartmouth collection and was kindly loaned by Professor
Hitchcock. The three cells are plainly seen. Itis 25 mm.,
1 inch long, and each side is about 18 mm., .7 inch wide,

TRILJARPELLITES ALATUS, nov. Sp.

Plate LVI, figs. 11, 12,

This is a very distinct fruit, It is strongly three lobed, but
the lobes are so prominent and thin that they may with much
propriety be considered as wings, as the end view, Figure 12,
shows. This was to all appearance when fresh a thin walled,
large celled fruit. The surface bears a few, but strong ribs.

I have seen several specimens of this species, but it is not a

I
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common form. It is of medium size, the length being 25 mm.,
1 inch; width, 14 mm., .6 inch.

‘US y .
TRICARPELLITES BRANDONIANUS, NOV. Sp

Plate LVI, figs. 13, 14

Fruit strongly trilobate, lobes rounded', the form being weall
shown in Figure 14. At the ends, espe.cujllly thg uppe.r,hashm y
be seen in Figure 13, there are quite fhstlnct rllbs, wh1cT},1 ozvl-l
ever, become more or less indistinct in the mlddle.h : ebceen
walls are very thick and the cavity of each must have
small. The upper end is sharply mucronate. Length, 25 mm.,
1 inch; width, 15 mm., 1 inch.

Gexvs HICOROIDES, Perkins.

Fourth Rep. Vt. Geologist, p. 183.
HICOROIDES LEVIS, NOV. SP.

Plate LVI, fig. 15.

Although in the entire absence of rips and il’} sor)neugtélelrlrr:é
spects, this form differs from the species of this ge'n ' g e
in the Fourth Report, yet on the whole 1t{ appears well o‘i ; -
it in this group. The surface is not unlike a Plgm plthlmo;;e
pearance. The form is broadly ovate, one side is 1mu:1 more
convex than the other. Itis two celled, moderately 1flossﬂs
differs in appearance marked.ly from any Otkg?r'o{}:.le:}ickness;
Length, 18 mm., .7 inch, width, 16 mm., .05 Inch;

8 mm., .33 inch.

Gextus NYSSA, Gron.

In the Fourth Report seventeen species of .the genus Nyssa;
were described and figured. As was th.ere pointed ogt, some 0
the fossils approach closely recent species of the same“%enilrlls‘;he

While looking over a collection of the Bran.don fossils the
Museum of the Canadian Geological Survey. in Otta“igkse:}er:e
species of Nyssa appeared. Two are sufficiently unlike tho
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formerly described to deserve separation into species of their
own. These fruits were collected many years ago, undoubt-
edly when the lignite was first studied and probably by Sir

William Logan. They were kindly loaned for study by Dr.
Ami,

NYSSA ACUTICOSTATA, MOV, Sp.

Plate LVI, figs. 16, 17.

Fruit oval, somewhat compressed, surface furrowed by
eleven regular, equi-distant, sharp ribs. The sharp, thin edges
of the ribs easily distinguish this species, since in all the rest
the ribs are more or less rounded. Asin most of the speci-
mens of this genus, there is a deep and very distinct cicatrix.
This may be seen in the end view, Figure 17, though it is not
there as distinct as in the actual specimen. Length, 1 mm.,

.7 inch; width, 11 mm., .42 inch. Type in Museum of the
Canadian Geological Survey at Ottawa.

Nvssa ovauis, nov. sp.

Plate LVTI, fig. 1.

This is a short and rather wide form, broadly oval in outline.
It is considerably compressed. On each side there are three
rounded costae and several smaller and less distinct between
them., The entire surface is irregularly wrinkled the wrinkles.
being usually fine. Both ends are blunt and the stem scar is.
less distinct than usual, Length, 15 mm., .6 inch; width, 11
mm., .42 inch., Type in Museum of the Canadian Geological
Survey.

Nvssa vEscurm, Hitchcock.

Plate LVII, fig. 2 also Plate LII, fig. 9.

This form 1 have with some hesitation referred to the above
species which it resembles, but there are also points of differ-
ence. The ribs are less uniform and for the most part alter-
nate, a large one with one much smaller, while in the type the
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ribs are very nearly equal. Still, the resemblance is so grea}t
that I place it in the same at least provisionally. The speci-

men figured is in the Museum of the Canadian Geologoical

Survey.

Nvyssa conpLaNATA, Lesq.

Plate L VII, figs. 3, 5.

This is one of the most common in the lignite. It was de;-.
cribed and figured in the Vermont Rfaport of 1'861.and int e;
Fourth of this series. On account of its 'small size 1t‘ d'oes nc1>
appear in many collections of these fosstls .though it is EaS}n}j
found at the locality when there is any hgm'te' there to be 1
vestigated. A considerable number of add'monal spemmfens
have been found since the last Report was issued and a e(vlv
remarks may well supplement \Vh?.t has alrea(_ly be'en 'sta::mi
The species is, at least within 1im1\§, very v.arlable'a in SIZZ od
form, still it is not difficult to identify it in its various prop
ey ies i illimeters and the

The usual length of this species is 6 or 8 millime er? |
width about half as much. Some of the specimens a1‘e lpulmp
and cylindrical, others are much flattened. When‘fles;tl.e:\;
were all undoubtedly regularly cylindrical. Tl.le figures referre
to above show the specimens enlarged about twice.

Nvyssa CURTA, Perkins.

Fourth Vt. Rep. p. 199.
Plate LVII, figs. 4, 6.

Figures of this and the above species are introduced hlel't? m(;n:izrl
because the figures in the previous report are greatly e1; :a.;gefossﬂs
do not give as good an idea of the actual appearanc.e o c lowel’s
as these which are only twice full size. As stated in the Nescup
tion, this may prove to be merely a shortened f(-)rm o.f .S CCO(:’;_
Planata, but further study of a larger number of specimen
firms the belief that it is distinct.
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Genus LESCURIA, nov. sp.

The specimens which I have referred to this new genus have
hitherto been regarded as very elongated specimens of N.
«complanata, but recent examination of a much larger number of
specimens and especially the discovery that the internal structure
is very different from that of Nyssa has caused the proposal of the
.above genus,

" This genus may be characterized as follows: Fruit small,
slender, more or less regularly cylindrical, about 10 mm. long,

and 3 in diameter. Two celled, the cells opening at the top by
valves.  Walls thin.

LESCURIA ATTENUATA, nov. Sl).
Plate LVII, Figs. 7, 10.

Aside from the gencric characters just given it may be said of
this species that it is somewhat variable in form, the surface
strongly wrinkled, ends pointed or tapering. Apparently this was
somewhat soft when fresh and has shrivelled more than most of
the fossils, '

In some specimens there are tolerably regular longitudinal
ridges which may be due to shrivelling or may have existed on the
fruit originally, but other specimens show only irregular wrinkles.
The figures show the specimens enlarged about one half. In
figure 10 the length is 9 mm., .75 inch, width, 4 mm., .18 inch.

GEexus SAPINDOIDES, Perkins.
Fourth Rep. Vt. p. 296.

SAPINDOIDES URCEOLATUS, Nov. sp.
Plate LVII, figs. 11, 12.
This is a very interesting and distinct form. I have seen but
two specimens.
It appears to bz a little distorted and was probably when fresh

more nearly globular than in the fossil. As figure 12 well
shows, the stem scar is very distinct. The surface was originally
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mooth, but it is now finely wrinkled in both specimens, though
§ s

much more in one. . ' ‘n
It is 13 mm., .52 inch in transverse diameter and a little less 1
e

vertical diameter.

SAPINDOIDES AMERICANUS, Perkins.
Plate LVII, figs. 14, 15.

In the above figures a natural section of this fossil is show,n thus
giving something of the internal stru‘c'ture. T.here appears1 tor
have been a thick rind or pericarp inside of .\’thch was a pulpy
mass indistinctly separated by an oblique partition.

Genus PRUNOIDES, Perkins.
Fourth Rep. Vt. p. 208.

PRUNOIDES INEQUALIS, NNOV. SP.
Plate LVII, fig. 13.

The figure shows the one sided form of th‘is speciefs. ’I"he‘sur-
face is smooth but indented by numerous 11‘1‘egul?11 de}f;es,su:lns.,;
In appearance this form is muc.h like many flcacm seeds and 1
may be allied to that genus, It is 15 mm., .6 inch long, 10 mm.,

.4 inch wide and 6 mn., .23 inch thick.

Gexus APEIBOPSIS, Heer.

ApE1BOPSIS GAUDINII, Lesq.
Plate LVII, figs. 16, 17.

These figures are introduced in order to show natura? SeTtl-O‘:)
or divisions. They show that the fruit naturally ?epialate( 1rT
sections of varying number in different species, a4S 1?(}1(1:212?(;‘1111—
ally by the valves. The specimens figured were 1og y

Professor Hitchcock.
ApgRIBoPSIS MEERII, Lesq.
Plate LVIII, fig. 7.

Mr. C. M. Winslow of Brandon has kindly loaned me several
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fine specimens of the lignite fossils and one of these is shown in
the above figure. It is unusually large for the species, but there
is no other to which it can be assigned. The ﬁ‘gure s’hows well
jche. position of the fruit in the mass of lignite and, aside from this
it is better than any figure of this species hitherto publishz
ed. It may prove to be a larger and distinct species, but it seems
probable that it is a large form of the species named.

In the Hitchcock collection of Brandon fossils belonging to
the American Museum of Natural History, New York, there are
two forms which are quite different from any others. These
are shown in Figures 1 and 4 of Plate LVIII. I have seen no
other entire specimens except those in the American Museum
but fragments such as are shown in Figures 2, 3, 5 of Plate
LVIII are not very uncommon. The specimen shown in
Figure 1 of the plate named is that from which Hitchcock’s Fig-
ures 157 and 158 of the 1861 Vermont Geological Report and Les-
quereux’s description in the second volume of the same Report
were taken. It was named by Lesquereux Carpolitiies venosus
as he, though doubtfully, considered it sufficiently near Stern-
berg’s species to receive this name. As I can see no reason
whatever for placing this fossil in the genus Carpolities it is
here placed in the new genus Staplidoides.

Gexus STAPHIDOIDES, Gen. nov.

Fruit covered by a rather thin pericarp which wrinkles greatly
in drying so that the appearance is quite suggestive of a raisin.
General form, oval or ovate. When fresh these fruits were
most probably like grapes in form, hence the name (from
Staphis, a raisin, dried grape.) All the specimens thus far
seen are of medium size and are much lighter in color, at least
on the outside, than any of the other fossils. The surface,
aside from the wrinkles, is smooth.

i

-
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StaPHIDOIDES VENOSUS, (Lesq.) Perkins.
Plate LVIII, fig. 1.

This species is described by Lesquereux as ‘¢ Deeply sulcate
and veined ” but it is best described as strongly wrinkled, for
the surface evidently owes its irregularity wholly to the shrink-
ing of the outer rind or skin when drying. The figure does not
show this as clearly as could be wished, but close observation
will bring it out fairly well. The specimen is seen to be still
imbedded in the lignite. Apparently, the outer skin was filled
with some sort of pulp though only fine black carbonaceous
matter remains. Lesquereux speaking of this fossil in the Ver-
mont Report says <“This is apparently a Carya, it is about the
same thickness as Carya oliveformis.” 1fail to discover either
in the internal structure or external appearance anything in
this species which suggests Carya, although I have examined
all the specimens of this genus contained in the Pringle Her-
There is a second specimen of this fossil in the
The specimen figured is 13 mm., .5 inch
It is shown somewhat more

barium.
American Museum.
long and 11 mm., .44 inch wide.
than natural size in the figure.

STAPHIDOIDES OVALIS, NOV. Sp.
Plate LVIII, figs. 2, 3, 4, 5.

This is in some respects unlike the preceding, but I am in-
clined to place it in the same genus. It is larger and the
wrinkling much more pronounced, but in most respects it is
like S. penosus. The only complete specimen found is that
shown in Figure 4, of Plate LVIII and, like the foregoing, is
among the specimens collected fifty years or more ago by Dr.
Hitchcock, and is now in the American Museum. By the kind-
ness of the Museum authorities I have had the opportunity of
studying these interesting specimens. As seen well in the
figures, the wrinkles are larger and the form and appearance
differ from that of the preceding species. It may properly be
noticed that this is much more distinctly seen in the actual
specimens than in the photographs. It appears to be more

¢
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abundant, though not many specimens and those in fragments,
have been found. In most cases whatever has been found is
still imbedded more or less in the lignite as that shown in
Figure 4 and also that in 5, which is in the Dartmouth College
collection, show. The other specimen figured was in _the lig-
nite when found but has been worked out. Figure 3 is the
same as 2 enlarged about twice. ~ In all the specimens the rind
or skin is yellowish brown and is somewhat flexible and elastic
though the outside of 4 is darker than that of the others. The
inside is completely changed to a fine dark brown lignite. The
dimensions of the specimen shown in Figure 4, where it is some-
what enlarged are: Length, 23 mm., .85 inch; width, 15 mm.,
.57 inch.

Genus, LEGUMINOSITES.

LEGUMINOSITES prISIFORMIS, Heer.

Geology of Vermont, 1861, page 231, fig. 152.

This is a very rare fruit or seed as it is easily destroyed be-
cause it consists only in a thin brittle shell. It is small, 5 mm.,
in diameter and instead of the dull unpolished surface which is
found in nearly all the Brandon fossils, this has a black and
shining exterior. There are four specimens of this species in
the American Museum. Although I think it very doubtful in-
deed if this species is identical with that described from
(Eningen by Heer, yet 1 leave it where Lesquereux placed it
as 1 have not seen Heer’s specimens. Lesquereux appears to
have been in doubt for he says «“Though the identity of our
species with Leguminosites pisiformis common at (Eningen is
not certain it is, however, remarkable that most of these seeds
that have about the same form as ours belong to the upper
Tertiary. ”’

There is in our collection another very small fruit which is
not figured and which I will not attempt to name. It is only
about 214 mm. in diameter, of globular form, deeply six lobed.
In the center there is a cylindrical core from which fibers radi-
ate in all directions to the outside. The external surface is
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rough under a lens. At the calyx end there is a deep pit and &
stem at the opposite. Apparently there was some sort of a
pericarp. . .

Figure 6, of Plate LVIII, shows a thick rind, or e%lvelop,
which apparently surrounded a pit. Itis the only specimen of
the sort that I have seen. It may be a very large celled Gloss-
ocarpellites in which the walls have not been pres-sed together
so that the cell cavity is closed as in most specimens. The
specimen from which the photograph was taken was loaned by

Hon. C. M. Winslow. ' . .
For convenience of reference the following list of all species

described from the Brandon Lignite is appended.

16
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List of Species Described from the Brandon Lignite.

Apeibopsis gaudinii, Lesq. Am. Jour. Science, XXXII, page 338, Geol.
Vt. 1861, p. 715.
Apeibopsis heeri, Liesq. Am. Jour. Science, XX XXITI, p. 358, Geol. Vt.
1861, p. 716.
Avpeibopsis parva, Perkins, Fourth Rep. Geol. Vt. 1904, p. 202, Pl
LXXX, figs. 148, 152.
Aristolochia obscura, Lesq. Am. Jour. Science, XXXII, p. 359, Geol.
Vt. 1861, p. 715.
Aristolochites acutus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 202.
Aristolochites apicalis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 203.
Aristolochites brandonianus, Perkins, Fourth Rep. Geol. Vt. 1904, p.
205.
Aristolochites conoideus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 203.
Aristolochites crassicostatus, Perkins, Fourth Rep. Geol. Vt. 1904, p.
205.
Aristolochites cuneatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 206.
Aristolochites curvatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 205.
Aristolochites dubius, Perkins, Fourth Rep. Geol. Vt. 1904, p. 204.
Aristolochites elegans, Perkins, Fourth Rep. Geol. Vt. 1904, p. 203.
Aristolochites excavatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 205.
Aristolochites globosus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 206.
Aristolochites irregularis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 204.
Aristolochites latisulcatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 204.
Aristolochites majus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 206.
Aristolochites ovoides, Perkins, Fourth Rep. Geol. Vt. 1904, p. 203.
Aristolochites rugosus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 203.
Aristolochites sulcatus, Perkins, Fourth Rep. (Geol. Vt. 1904, p. 204.
Bicarpellites abbreviatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 209.
Bicarpellites attenuatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 210.
Bicarpellites bicarinatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 210.
Bicarpellites brevis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 213.
Bicarpellites carinatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 210.
Bicarpellites crassus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 211.
Bicarpellites crateriformis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 211.
Bicarpellites grayana, (Liesq.) Perkins, Fourth Rep. Geol. Vt. 1904, p-
190.
Bicarpellites inequalis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 211.
Bicarpellites knowltoni, Perkins, Fourth Rep. Geol. Vt. 1904, p. 191.
Bicarpellites lanceolatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 211.

—
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Bicarpellites latus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 212.
Bicarpellites major, Perkins, Fifth Rep. Geol. Vt. 1906, p. 212.
Bicarpellites medius, Perkins, Fifth Rep. Geol. Vt. 1906, p. 212.
Bicarpellites minimus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 192.
Bicarpellites obesus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 191.
Bicarpellites ovatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 213.
Bicarpellites papillosus, Perkins. Fifth Rep. Geol. Vt. 1906, p. 213.
Bicarpellites parvus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 214.
Bicarpellites quadrangularis, Perkins, Fifth Rep. Geol. Vt. 1906, p.
214.
Bicarpellites quadratus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 214.
Bicarpellites rotundus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 191.
Bicarpellites rugosus, Perkins, Fourth Rep. Geol. Vt. 1904, p._191.
Bicarpellites solidus, Perkins, Fifth Rep. Geol. Vt. 1906, p. Zla:
Bicarpellites sulcatus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 215.
Bicarpellites vermontanus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 192.
Brandonia globulus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 192.
Carpites inequalis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 193.
Carpites ovalis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 194.
Carpites trigonus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 194. )
Glossocarpellites (Carpolithes) brandonianus, (Lesq.) Am. Jour. Sci.
X XXII, p. 356, 1861.
Glossocarpellites (Carpolithes) elongatus, Perkins, Fourth Rep. Geol.
Vt. 1904.
Glossocarpellites (Carpolithes) emarginatus, Perkins, Fourth Rep.
Geol. Vt. 1904,
Glossocarpellites (Carpolithes) grandis, Perkins, Fourth Rep. Geol.
Vt. 1904, p. 178.
Glossocarpellites (Carpolithes) hitchcocki, Perkins, Fourth Rep. Geol.
Vt. 1904, p. 179.
Glossocarpellites (Carpolithes) mucronatus, Perkins, Fourth Rep.
Geol. Vt. 1904, p. 179.
Glossocarpellites (Carpolithes) obtusus, (Lesq.) Perkins, Fourth Rep.
Geol. Vt. 1904, p. 177.
Glossocarpellites (Carpolithes) ovatus, Perkins, Fourth Rep. Geol. Vt.
1904, p. 178.
Glossocarpellites {Carpolithes) parvus, Perkins, Fourth Rep. Geol.
Vt. 1904, p. 179.
Glossocarpellites (Carpolithes) simplex, Perkins, Fourth Rep. Geol.
Vt. 1904, p. 178.
Glossocarpellites (Carpolithes) solidus, Perkins. Fourth Rep. Geol.
Vt. 1904, p. 179.
Glossocarpellites (Carpolithes) vermontanus, Perkins, Fourth Rep.
Geol. Vt. 1904, p. 179.
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Cinnamomum corrugatum, Perkins, Fourth Rep. Geol. Vt. 1904, p- 200.
Cinnamomum lignitum, Perkins, Fourth Rep. Geol. Vt. 1904, p. 200.
Cinnamomum nova-anglie, Lesq. Am. Jour. Sci. XXXII, p. 360, 18
Cinnamomum ovoides, Perkins, Fourth Rep. Geol. Vt. 1904, p. 199,
Cucumites lesquereuxii, Knowlton, Bull. Torrey Bot. Club, XXIX, p.
641, 1902,
Drupa rhabdosperma, Lesq. Am. Jour. Sci. XXXXII, p. 360, 1861.
Hicoria biacuminata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 193.
Hicoroides angulata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 183.
Hicoroides ellipsoidea. Perkins, Fourth Rep. Geol. Vt. 1904, p. 184.
Hicoroides globulus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 184.
Hicoroides levis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 217.
Hicoroides parva, Perkins, Fourth Rep. Geol. Vt. 1904, p. 184.
Hicoroides triangularis. Perkins, Fourth Rep. Geol. Vt. 1904, p. 183.
Illicium lignitum, Lesq. Am. Jour. Sci. XXXII, p. 360, 186!.
Juglans brandonianus. Perkins, Fourth Rep. Geol. Vt. 1904, p. 182.
Lescuria attenuata, Perkins, Fifth Rep. Geol. Vt. 1906, p. 220.
Monocarpellites amygdaloidus, Perkins, Fifth Rep. Geol. Vt. 1906,
p. 181.
Monocarpellites elegans, Perk'ns, Fourth Rep. Geol. Vt. 1904, p. 181.
Monocarpellites gibbosus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 181.
Monocarpellites hitchcockii, Perkins, Fourth Rep. Geol. Vt. 1904, p.
182.

Monocarpellites irregularis, Perkins, Fourth Rep. Geol. Vt. 1904, p.
181.

Monocarpellites medius, Perkins, Fourth Rep. Geol. Vt. 1904, p. 182.

Monocarpellites multicostatus, Perkins, Fifth Rep. Geol. Vt. 1906, p.
208.

Monoccarpellites orbicularis, Perkins, Fourth Rep. Geol. Vt. 1904, p.
181.

Monocarpellites ovalis., Perkins, Fourth Rep. Geol. Vit. 1904, p. 182.

Monocarpellites pruniformis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 208.

Monocarpellites pyramidalis, Perkins, Fourth Rep. Geol. Vt. 1904, p.
180.

Monocarpellites sulcatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 180.

Monocarpellites vermontanus, Perkins, Fourth Rep. Geol. Vt. 1904, p-
182.

Monocarpellites whitfieldii, Perkins, Fourth Rep. Geol. Vt. 1904, p-
180.

Nyssa acuticostata, Perkins, Fifth Rep. Geol. Vt. 1906, p. 218,

Nyssa ascoidea, Perkins, Fourth Rep. Geol. Vt. 1904, p. 196.

Nyssa clarkii, Perkins, Fourth Rep. Geol. Vt. 1904, p. 199.

Nyssa complanata, Liesq. Am. Jour. Sci. XXXII, p. 361, 1861.

Nyssa crassicostata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 196.

Nyssa curta, Perkins, Fourth Rep. Geol. Vt. 1904, p. 199.
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Nyssa cylindrica, Perkins, Fourth Rep. Geol. Vt. 1904, p. 195.

Nyssa elongata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 197.

Nyssa equicostata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 198.

Nyssa excavata, Perkins, Fourth Rep. Geol. Vt. 1904, p. 399.

Nyssa jonesii, Perkins, Fourth Rep. Geol. Vt. 1904, p. 197.

Nyssa lamellosa, Perkins, Fourth Rep. Geol. Vt. 1904, p. .195.

Nyssa lescurii, C. H. Hitchcock, Portland Soc. Nat. Hist. I, p. 95,

1862.

Nyssa levigata, Lesq. Am. Jour. Sci. XXXII, p. 361, 1861.

Nyssa microcarpa, Liesq. An. Jour. Sci. XXXII, p. 361, 1861. .

Nyssa multicostata, Perkius, Fourth Rep. Geol. Vt. 1904, p. 197.
Nyssa ovalis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 218.

Nyssa ovata. Perkins, Fourth Rep. Geol. Vt. 1904, p. 196.

Nyssa solea, Perkins, Fourth Rep. Geol. Vt. 1904, p. 194.

Pinus conoides, Perkins, Fourth Rep. Geol. Vt. 1904, p. 209.

Pinus cuneatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 209.
Prunoides bursaformis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 208.
Prunoides inequalis, Perkins. Fifth Rep. Geol. Vt. 1906, p. 221. -
Prunoides seelyi, Perkins, Fourth Rep. Geol. Vt. 1904, p. 209.
Rubioides lignita, Perkins, Fourth Rep. Geol. Vt. 1904, p. 193.
Sapindoides americanus, Lesq. Am. Jour. Sci. XXXII, p. 357, 1861.
Sapindoides cylindricus. Perkins, Fourth Rep. Geol. Vt. 1904, 3) 208.
Sapindoides medius, Perkins, Fourth Rep. Geol. Vt. 1904, p. 207.
Sapindoides minimus, Perkins, Fourth Rep. Geol. Vit. 1904, p. 2C8.
Sapindoides parva, Perkirs, Fourth Rep. Geol. Vt. 71904, p. 207.
Sapindoides urceolatus, Perkins, Fifth Rep. Geol. Vit. 1906, p. 220.
Sapindoides varius, Perkins, Fourth Rep. Geol. Vt. 1904, p. 206.
Sapindoides vermontanus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 207.
Staphidoides ovalis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 223.
Staphidoides venosus, (Lesq.) Am. Jour. Sci. XXXII, p. 223, 1861.
Tricarpallites acuminatus, Perkius, Fourth Rep. Geol. Vt. 1904, p. 190
Tricarpellites amygdaloidus, Perkins, Fourth Rep. Geol. Vt. 1904.

p- 188.

Tricarpellites carinatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 186.
Tricarpellites castanoides, Perkins, Fourth Rep. Geol. Vt. 1904, p. 187.
Tricarpellites contractus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 189.
Iricarpellites curtus, Perkins, Fifth Rep. Geol. Vt. 1906, p. 216.
Tricarpellites dalei, Perkins, Fourth Rep. Geol. Vt. 1904, p. 186.
Tricarpellites elongatus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 186.
Tricarpellites fagoides, Perkins, Fourth Rep. Geol. Vt. 1904. p. 188.
Tricarpellites fissilis, Lesq. Am. Jour. 8ci. XXXII, p. 356, 1861.
Tricarpellites hemiovalis, Perkins, Fourth Rep. Geol. Vt. 1904, p.'l )0.
Tricarpellites lignitus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 186.
Tricarpellites major, Perkins, Fourth Rep. Geol. Vt. 1904, p. 189.
Tricarpellites obesus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 188.
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Tricarpellites ovalis, Perkins, Fourth Rep. Geol. Vt. 1904, p. 187.
Tricarpellites pringlei, Perkins, Fourth Rep. Geol. Vt. 1904, p. 189.
Tricarpellites rostratus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 187.
Tricarpellites rugosus, Perkins, Fourth Rep. Geol. Vt. 1904, p. 187.
Tricarpellites seelyi, Perkins, Fourth Rep. Geol. Vt. 1904, p. 189.
Tricarpellites triangularis, Perkins, Fifth Rep. Geol. Vt. 1906, p. 216.

It has been noticed on a preceding page that all of the species
named Carpolithesin the Fourth Report have been placed in the
new genus Glossocarpellites. This genus was first mentioned
in Bulletin 21 of Geological Society of America, page 510. The
old genus Carpolithes is so very undefined and the Brandon
forms are so clearly distinct from other fossils that it seemed to
the writer that they should be grouped in a genus of their own
rather than be placed in the exceedingly heterogeneous group
that is included under the old genus. Those fruits are included
in the genus Glossocarpellites which are one celled, of consider-
able size, usually 235 mm. or more long, walls rather thick,
deshiscence by means of a single tongue-shaped valve (hence
the name), which is more or less pointed at the apex. The sur-
face in most species is roughened, though in some it is smooth.
In most cases the lower end is narrowed and rounded. G.
brandonianus may be taken as the type.

In the above list no references are given to plates or figures,
but it may be noticed that nearly all are figured in the works
referred to, and the location of the illustration is given at the
place to which attention is directed.
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EXPLANATION OF PLATE LII,

Sapindoides medius, Perkins.
Sapindoides varius, Perkins.
Sapindoides americanus, Perkins.
Aristolochites majus, Perkins.
Aristolochites sulcatus, Perkins.
Aristolochites elegans, Perkins.
Apeibopsis gaudinii, Lesquereux.
Nyssa jonesii, Perkins,

Nyssa lescurii, C. H. Hitchcock.
Nyssa lamellosa, Perkins.

Nyssa crassicostata, Perkins.
Prunoides seelyi, Perkins.
Bicarpellites knowltonii, Perkins.
Bicarpellites rugosus, Perkins,
Glossocarpellites parvus, Perkins.
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EXPLANATION OF PLATE LIII.

Figure 16.
Figure 17.
Figure 18.
Figure 19.
Fig:ure 20.
Figure 21.
Figure 22.
Figure 23.
Figure 24.
three times.)
Figure 25,
five times.)
Figure 26,
Figure 27.
Figure 28.
Figure 29.

Glossocarpellites obtusus, (Lesq.) Perkins.
Glossocarpellites elongatus, (Lesq.) Perkins.
Monocarpellites gibbosus, Perkins.
Tricarpellites fissilis, (Lesq.) Perkins.
Monocarpellites sulcatus, Perkins.

Juglans brandonianus, Perkins.

Hicoria biacuminata, Perkins,

Brandonia globulus, Perkins.

Cinnamomum lignitum, Perkins. ( Enlarged

Drupa rhabdogperma. Lesquereux. (Enlarged

Hicoroides ellipsoideus, Perkins.
Hicoroides angulata, Perkins.

~ Cross section of Monocarpellites.

Cross section of Bicarpellites.

PraTE LIII.

Fossils of the Brandon Lignite.






EXPLANATION OF PLATE LIV.

Figure 1.
Figure
Figure
Figure

Figure

et

Figure
Figure

6
7
Figure 8.
Figure q.
Figure r1o.
Figure 11,

Glossocarpellites grandis, Perkins, Front.
Page 206.

Glossocarpellites grandis, Side. Page 206.

Glossocarpellites grandis, Back. Page 206.

Monocarpellites amygdaloideus, Perkins.
Page 208,

Monocarpellites multicostatus, Perkins, Front.
Page 208.

Monocarpellites multicostatus, Edge. Page 208.
Monocarpellites multicostatus, Section.

Page 208,
Monocarpellites pruniformis, Perkins. Page 208.

Bicarpellites attenuatus, Perkins. Page 210.
Bicarpellites bicarinatus, Perkins. Page 210-
Bicarpellites carinatus, Perkins. Page 210.

Prate LIV.

Fossils of the Brandon Lignite.



Prate LV.

EXPLANATION OF PLATE LV.

Figure 1. Bicarpellites crateriformis, Perkins. Page 211.

Figure 2. Bicarpellites crassus, Perkins, Page 211,

Figure 3. Bicarpellites crassus, Side, Page 211,

Figure 4. Bicarpellites inequalis, Perkins. Page 211.

Figure 5. Bicarpellites lanceolatus, Perkins. (Enlarged.)
Page 211.

Figure 6. Bicarpellites latus, Perkins. Page 212.

Figure 7. DBicarpellites latus, Side. Page 212.

Figure 8. Bicarpellites major, Cross section.

Figure g. Bicarpellites medius, Perkins. Page 212,

Figure 10. Bicarpellitee medius, Side. Page 212.
Figure 11. Bicarpellites major, Perkins, Side. Page z12.

Figure 12. Bicarpellites major, Front. Page 212.
Figure 13. Bicarpellites brevis, Perkins. Page 213.
Figure 14. Bicarpellites ovatus, Perkins, Page 213.
Figure 15. Bicarpellites papillosus, Perkins. Page 213.
Figure 16. Bicarpellites parvus, Perkins. Page 214.

16

of the Brandon Lignite.
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4.
B
6.
7=
8.

Q.

1O,
I,
I12.

£,

14.
15.
16,
17.

Bicarpellites abbreviatus, Perkins. Page 20g.
Bicarpellites quadrangularis, Perkins. = Page 214.
Bicarpellites quadratus, Perkins. Page 214.
Bicarpelites solidus, Perkins. Page z15.
Bicarpellites sulcatus, Perkins. Page 215.
Bicarpellites sulcatus, Side. Page 215.
Tricarpellites curtus, Perkins. Page 216.
Tricarpellites curtus, End. Page 216.
Tricarpellites triangularis, Perkins, End.
Page 216, .
Tricarpellites triangularis, Side, Page 216.
Tricarpellites alatus, Perkins, Side. Page 216.
Tricarpellites alatus, End. Page 216.
Tricarpellites brandonianus, Perkins, Front.
Page 217.
Tricarpellites brandonianus, section. Aage 217,
Hicoroides levis, Perkins. Page 217.
Nyssa acuticostata, Perkins. Page 218.
Nyssa acuticostata, End, Page 218, ]

Prate LVL

14

Fossils of the Brandon Lignite
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Figure 1. Nyssa ovalis, Perkins. Page 218.

Figure 2. Nyssa lescurii, C. H. Hitchcock. Page 218.
Figure 3. Nyssa complanata, Lesq. Page 219.

Figure 4. Nyssa curta, Perkins. Page 21g.

Figure 5. Nyssa complanata, Lesq. Page 219.
Figure 6. Nyssa curta, Perkins. Page 219.

Figures 7, 8, 9, 10. Lescuria attenuata, Perkins.

Figure 11. Sapindoides urceolatus, Perkins, Side.
Page 220.

Figure 12. Sapindoides urceolatus, Upper end. Page 220.

Figure 13. Prunoides inequalis, Perkins. Page 221.

Figure 14. Sapindoides varius, Perkins.

Figure 15. Sapindoides varius, Natural section.

Figures 16, 17. Apeibopsis gaudinii, Lesq., Natural section,

Page 220.

pPrati LVIL
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Staphidoides venosus, (Lesq.)Perkins.

Figure 1.
Page 223,

Figure 2. Staphidoides ovalis, Perkins. (Natural size.)
Page 223.

Figure 3. Staphidoides ovalis. (Enlarged twice.) Page 223.

Figure 4. Staphidoides ovalis. (Complete specimen in lig-
nite.) Page 223.

Figure 5. Staphidoides ovalis. Fragment in lignite.

Page 223.

Figure 6. Outer shell of fruit.

Figure 7. Apeibopsis heeri, Lesq. Specimen still imbedded
in lignite, Page 221.

PraTe LVIII.

Fossils of the Brandon Lignite.
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During the summer of 19035, Professor C. H. Hitchcock of
Dartmouth College spent a short time in the study of glacial
and other surface conditions in the immediate neighborhood of
Burlington, and in the short article which follows, he has given
a summary of the results obtained. This work was continued
and extended both as to time and area explored during the
present season.

In the longer paper which follows that on Surfacial Geology
Professor Hitchcock discusses the Champlain Deposits of the
Champlain Valley and Northern Vermont. The experience of
the writer of these papers in the field of investigation which they
cover renders his work of especial value.
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Surfacial Geology of the Region About Burlington
C. H. HITCHCOCK.

—_—

The /ing i i |
e following is a brief statement of what was learned and of
0

what is -sought for in a reconnoisance of the
of th§ vicinage of Burlington, September 11
It is really the investigation of the

Winooski River from Lake Champl
are of especial

Surfacial Geology
18, 1905.

Quaternary deposits of the
ain to Marshfield. They

interest because it is i
! inte ossibl 5
passage of fluviatile into marine depositsp 0 sty the

The following altitude i om u
. s of the river are taken f he B
. r t -
lington Quadrangle of the United States Geological Sur\ee )
J y,’

Lake Champlai
ke kr;{p AL .. hvi L1195 feet above tide
ski River, just below Winooski village
Just below dam, east side of trolley, Winoos
Below the gorge of the Twin Bridges.
Oxbow above this gorge. . .. . e
About 1 mile below Hubbell’s Mil]
One-half mile above Hubbell’s Mil]

ki village..136

(near Essex Jct.)..zo00

Mouth of Alder Brook, Essex.. .. Tt 240
Br1dgenearNorth\\f’iniston“”"'-...,,_..........271
At Richmond Village.... ... . .. A

The later discussi i i o
alitades of the siver shove Richmone. o o e
Co?e:;:;gth;s lire(():ttion ther§ is a SOI.lSpiCLIO,LlS high sand deposit,
Bt bt Sgt area in  Williston, Essex, Colchester and
ring the, .lac-l, ?izfd as t.o s'uggest that it may have been a
e mie ﬂooi 1151 inooski River, passing into the remnants of
e g 1o iSp alnf, traceable to Marshfield. At Essex Junction
oaude 350 feet; but sanc.i apparently coterminous with it

ps the hill of 407 feet 1 1-2 miles south, and at 400 feet a little

N
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west from the Junction. It is thought that 340 feet expresses
the highest altitude of this flood plain in Colchester and Burl-
On the south this height is attained on the Athletic
On the north this height is
adjacent to a limestone ridge, commencing south of O. Golden
and extending to J. Q. Adams, in Colchester, these names
being found upon the old county wall map of H. F. Walling.
In Burlington the plain slopes quickly to the 220 feet level;

ington.
grounds north of the University.

which is reached at a railroad cut, at the most northern angle of
the high plain, and the contour runs southerly to the new Post
Office whence it runs to the bluff just east of the railroad union
station, and thence northwesterly to the northwest corner of the
quadrangle. The sand continues in a narrow strip as far as to
the ledges in the Ethan Allen Park, and shows a steep bank
towards the Winooski River. _

On the east side there are several well defined levels in
Winooski Village, and the edges of the higher levels may be fol-
lowed out to Sunderland Brook on the Mallett’s Bay road. North
of this brook the plain reappears. The road running directly
north from Winooski lies near the edge of the high sand plain,
and as it crosses Sunderland brook an extensive deposit of
clay is uncovered, underlying the sand.

Five basins have been excavated out of this sand plain,
The lowest reaches from the mouth of the river to Winooski
Village. The second is of small size, bordered by the ledges
in the village on the west and by the rocks underlying the twin
bridges on the east. The third is perhaps the most interesting,
reaching from the high bridge to Hubbell’'s Mill. The fourth
extends from Hubbell’s Mill to the crossing of the river by the
The fifth extends from this
railroad bridge to the eastern extremity of the quadrangle at
Richmond Village, and probably farther to Jonesville. It is
presumed that all of these five basins have been excavated out

railroad east of Essex ]unction.

of the original high delta-terrace flood plain by the Winooski
River.

Tt looks as if there had been two additional opportunities for
the Winooski to discharge into the old lake (or ocean?), one by



p— o,

234 REPORT OF THE VERMONT STATE GEOLOGIST.

way of Sunderland brook to the north, and Potash brook to the
south. They suggest tbe branching of a river upon its delta, or
they may be simply spill ways for the discharge of surplus.
water,

Were it not for the presence of several ledges the greater part
of this great sand plain would have been carried into the lake,
and the several basins described above would have been de-
veloped into a single broad valley. The ledges on the west side
of the river for more than three miles in North Williston,
adjacent to the railroad, have been the means of preserving the
great plain of Williston. Ledges with till have protected the
Green Mountain Cemetery, while the presence of the red sand-
rock at Winooski Village, with ledges now concealed near an
old brick yard, may have been responsible for keeping intact
the more northern half of the city of Burlington.

In the 1861 Report considerable stress was laid upon the
description of the lower terraces of the rivers. It is with the
greatest pleasure that we can now better understand the
specific origin of the terraces, and to be assured that they are
all local; each one being determined by the presence of a pro-
tecting ledge, either of rock or of till.

For further investigation two points suggest themselves.

1. What is the precise character of the till and modified
drift of the top of the University hill. .

2. The more careful study of the marine clays and sands.
Every locality should be listed and explored. The first specifica-
tion because it is desirable to know the location occupied: the
second, that additions may be made to the list. Dawson has
catalogued 125 or more species of fossils from these deposits from
the St. Lawrence in Canada, and certainly the meager list given
for Vermont cannot be complete. Then the question arises, do
we properly understand the relation of the fossiliferous clays to
the sands of the high delta plain? The '61 report says the former
underlie the latter, If so, later authors who have written about
the Champlain Valley have not properly understood its geolog-
ical history. I raise another query. There are somewhat
elevated regions, as in South Burlington, where the till is a
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bowlder clay, indistinguishable from some of the deposﬁzhﬂoseiis
to refered to the Champlain clays. Have not these two epf e
been confounded together, and consequently the area o
>
lain clays made too great: ' '
Ch;mi)a?as thg quadrangles of the United States .Geollogllcal
Sur:)rey are available, the representation of the -Surfa.mallGdeo :gz
should devote one color to the areas occupied with ledges,

. . th
second to the till, a third to the Champlain clays, besides the

te ce oraime ()| recesslio (l ll][lllrlS € ers aCIal strie
S, m a S cession T Sk r gl IS
rra ) ) ) ’

and other special phenomena.
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The Champlain Deposits of Northern Vermont.

By C. H. Hircucock.,

. T;le Vviews of the (?lder state geologists of Vermont respecting
e Pleistocene deposits were enunciated in the n
fche geology of Vermont in 1861¢.
before it was generally

quarto report upon
" They wrote at an early date
discovered that iceberes mu i

: ) . St give wa
glaciers in the formation of an acceptable the:rv . .l

that has transpired since the tertiary period
¢ o ? L . N )

bogcelmug the striae, the till, the fluviatile, lacustrine and marine
he s were‘ so plainly described, that the glacialist of today
ave no difficulty in understanding what was )
the statements to present heliefs.

to account for all
The various facts

will
. meant, and adapt
tfor i-ceberg wherever it occurs, the siyg:1?{}’1);:111:22n\%itllllebworld g'laCi;r
is still 1)1‘?pe1' to employ the term Surface or Surfacial C‘:eglea]: f t
the description of ¢ all those geological changes wl;.ich th Og'% lc:‘
surface.has experienced since the tertiary perbiod”' and te edrt; S
expl‘essﬂ)f.ls “Drift” and « Modified Drift” the’re sug . ltlsj :w
the n'laterlals accumulated by the action of ice.and Wfiteb'ges -
[t'ls my object at the present time to offer a few f‘actls. d
clusions respecting the entrance of the ocean into the C;n io'n'
valley, espe'cially as connected with the melting of the 9;:;13 a];
g;:g]p};ﬁ:ii?ili th‘e 186'1 report to propose the use of the term
pamp or the ¢ deposits and the period of their accumulation.
- me word had been proposed by the New
in 1542 for the paleozoic formations situated with

hood of.this lake, from the Potsdam sandstone to tl
slates, inclusive.

York geologists
in the neighbor-
By 1561 goslos, on he Hudson River
nelu ologists ha eneral

the application of this term to the older 1‘ocfljzs eel;lcly Handoned

graphical sense, o e

alld tllerefol‘e l.t seer i } p pv
ned to me entl]el ; 1o r to
«Change the application fl'Ol tl i 1 -C. 1€
mn the Sllurlan to the )lel\tocene mal‘il
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deposits. Almost any geo'ogist in the fifties when talking about
these beds would have naturally said ¢ these Champlain clays.”
It was my object to propose an acceptable word to express jointly
these marine deposits and the associated fluviatile sands and gravels.
constituting deltas, terraces and beaches. The proposal was uni-
versally adopted.  Quite recently a suggestion has been made to
return to the usage of 1842, and apply the term Champlain only
to the underlying solid rocks—thus necessitating the adoption of
some new appellation for the later period: and I may be excused
for recalling certain circumstances pertinent to the discussion.
The official geologists of the Empire State found it convenient
to use local geographical expressions for the several subdivisions
of the New York system. They could not say sandstone or lime-
stone without some rule. So, instead of speaking of the sand-
stone constituting the foundation of the paleozoic column which is.
typically developed in the town of Potsdam, they said Potsdam.
and not Medina or Oriskany sandstone. The same was true of the
limestones and slates. Having named the umts of the system
they ccnceived the idea of associating them into groups, and natur-
ally used geographical expressions for the greater divisions; viz. s
Champlain, Ontario, Heldenberg, Erie and Catskill. The first
included the rocks supposed to border Lake Champlain. All
agreed that the Potsdam candstone was the basal member, but they.
differed as to the summit. Two districts restricted it by the
Hudson river, the third said Oneida, and the fourth Medina or
Shawangunk.

Besides the disagreement as to the upper limit, it was discovered
that a better standard for the grouping had been adopted by the
European geologists who said Cambrian, Silurian, Devonian.
These older terms had the priority of application and were em-
ployed universally, and it was regarded as superfluous to use the
less distinctive geographical New York names.

Furthermore, as time bas gone on, there is no correspondence
between the New York and European groups. Champlain as
defined in the original second and fourth districts belongs to three
groups, Cambrian, Ordovician and Silurian; it is not thercfore 5
unit. If Champlain isto be made the equivalent of Ordovician,
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dropping Cambrian and Silurian, it is the same as the proposal of
an entirely different word, and the law of priority will forbid its
use. It was such considerations as these that caused the e
geologists to abandon the a
Lower Silurian.

arlier
pplication of the term Champlain to the

But if the public should demand that the name Champiain shall
be used as equivalent to Ordovician, attention should be called to

the first term suggested for the Pleistocene beds.
Edward Desor proposed to giv
River St. Lawrence, in 1850.

All agree that
e tbem a name derived from the
Three years later the Canadian
Survey proposed to use a word of simijlar sound but different

spelling for the oldest rocks, derived from the Laurentide moun-

tains, viz., Laurentian. It was only because the public demanded

the use of this word for the Archean to the exclusion of the similar
sounding term for the later deposit, that led to the suggestion of
Champlain in 1861. A little reflection will show what seems to
us a satisfactory modification.

Desor proposed that the deposit receive its name from the
River St. Lawrence, but neglected to retain the first part of the
expression, and said Lawrentian, where the w is retained but
the ¢ has been replaced by t. If his attention has been called to
the spelling he would have corrected it without doubt : or we may

attribute the improper spelling to the proof reader. We can,

therefore, claim that the original suggestion means the use of S

Lawrencian for the Pleistocone beds, as well as that of Lauren-
tian for the Archean. It is worthy of note that Zadock Thomp-
son used the name Lawrencian for the later deposit in 1853.
Hence as at present advised T should say Ch
but St. Lawrencian if necessary, r
signation,

amplain by preference,
ather than invent some new de-

What was included in the Champlain terrane is clearly
in the 1861 report.

lusca, but the ov

indicated
Not only the clays containing the fossil mol-

erlying sands, extending up the tributaries as ter-
races, at least to the height of the marine limit, were included,
the deposits at Burlington were particularly specified as the delta
of the Winooski, overlying the marine beds, and produced by the

joint action of the river and sea. It was conceived that salt water

Y
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g b
CXtended up the Se‘elal TIVErs, ulCll (-hn the COllIleCthUt certain

hieh as <00 feet, and probably higher, and that ‘the ri\'eli ter-
L 1g1'eadei:>osited ;n estuaries. The marine remains wire ima-
e to i ver levels, because the fresh water
Bre " reStr?tcatle)(liet(:OﬂzEelo\:eelll 11)ee'mg ’of the animals, as see'ms
e lwaisa:tntS;;av in estuaries. In other words, the format1clm
toof btehzllenarine dex;osits, could not be separated fIl)‘f)m’1 tllrc'ltat(l)f Lle-
fluviatile accumulations. Later Pro.fes.sor J- Dth :nl;etgter u;]der_
tended the application of these. principles w 1.(;n e
standing of the character of the ice and the origi

ance of water through its melting.
\g‘ GEOLOGICAL HISTORY OF THE CHAMPLAIN VALI

After the Archean shallow water dep051ts.werebfeorir:sic;gl‘o\'r;tgh
the eastern edge of the Adirondack- crystallmejs" tgerranes v
the Potsdam sandstone, the whole of the Ord'ovmdi’ankS ranes e
ceeded, filling up the valley between the f\du’on %c and Oreen
Mount,ains, and destroying the co‘nnec.tlon bet\\;ir;dies arer
of the St. Lawrence gulf and thfe interior seda.th e et
later faunas show that this barrier prevente eEmd e o
marine species in later times from European

rces. . ‘
SOlll\th to mention the transgre‘ssxon of the oceantttenrs S
period into the Champlain basin, and other ma o oy ol
it only needs to be said that the valley was co tderably cle:
vated in what is believed to be the later ter;c_uxy\lyi{az e
e s ?ogtgirlgu‘nn;?;e \\r*Z:er; and as this
ate
;dke 232: Eziz ll))::: tz)r(::;rial ityfollows that the deepe.st Eo‘:c-)
t(;):: must have been elevated sufﬁc1entl%l\h;c;) 31631;:\}71 ti:e;;;e e
i i sea.
mﬂal;e ll'f[SR\Zii’{ (ii“r,rrllo}rl;lih:; ;}:)f) feet below the level of the ser'z.
This ar , i oo feet or more.
L e Vatl(l)xn p:}?:il;\lr};rar:'zzndtzi:r?ecsl between the in-
. (. Lawrence so as to constitute

the Medina

1t was much later w > ryer »

i 1 boundary and the St. : , 1
te:nlz:tem:h’cle obstruction being the material shoved by the glacier
a lake,

southerly during the ice age.
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In my report for 1904 I have described the supposed condi”
tions here in the ice age. Ice came from the Canadian High-
lands, filling up the St. Lawrence and Lake Champlain valleys,
the central part pushing southerly towards and down the Hud-

»son river and the lateral portions crowding over the Green
Mountains on the east and over the Adirondacks on the west.
After the long winter was over, melting ensued, ponds and
lakes would form where the drainage was obstructed. The
highest deposit made in a body of fresh water at this time, so
far as is known, was the celebrated beach at Ripton, 2,196

feet above the sea, which was believed to indicate the former

presence of the ocean, in the 1861 Report. There must have

been many other similar accumulations of sand among the high
mountains, while nature was attempting to remove this im-
mense ice sheet by the simple process of melting, sending the
water to lower levels. As time goes on more of those high level
sands will be discovered and described, the larger rivers will be
developed, vegetation will return, and the conditions will be-
come again favorable for human settlement. It will be our
task to suggest the development of a few important valleys,

THE HUDSON-CHAMPLAIN VALLEY,

At first, separated by the Green Mountains from the Con-

necticut drainage, the melted ice will follow the course of the

Hudson from western Vermont. Because of its more exposed

situation the melting will commence at the south, and the main
Hudsaon_river will have an existence while Lake Champlain is
still buried in ice. There was much surface ablation to reduce
the general thickness, and then the southerly current was de-
veloped, perhaps at first seen in the cols or divides between ad-
jacent valleys, Insearching for these natural barriers we may first
examine the great limestone valley of western Vermont. Hoosic
river, passing through Pownal, is separated from the Walloom-
sac by a divide of 986 feet. Water may have flowed from Ben-
nington into the Hoosic river and carried much sediment with
it. Terraces are described in the 1861 Report to the height of
307 feet above the Hoosic ; but our information is too mea g er
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at present to enable us to speculate as to 1ts ortl)gme. t;;o:ezr
down these sands reach the height of 400 feet. a ;vis e fee;
and the delta in the Hudson valley at Schaghticoke 1s 3
hl%lt‘ll.le col separating the Walloomsac fr‘om the Bat_i;n friinit
Shaftsbury is goo feet high. The latter is the 1mori 1then Nh,.
as it rises in East Dorset in a very deep val ey ef i
Eolus and the Green Mountains with the elevatllc;n oHi hysand
feet between it and the beginning of Otter Cr'ee.:d. Tge sane
levels, perhaps moraine terraces, occupy the d1v1he. Ty
of the Batten Kill is about 350 feet high at S;i 11.1y e e
T e e KAl and. Fawiet sivr in Doraet s at
col between the Batten Kill and R
940 feet, and evidently played no 1r{1portant par ey
i oubt there was a period when water sp et
Elllet l;’all'tsl:og:)rdset divide from the Champlain body ;nﬁ contrib
uted to the growth of the flood plain of ~the Batten. 1t .Rutland
The next divide over which water might ﬂow is a Casﬂeto,;
500 feet, and thence through thegap at Ira 1nto1 the R
and Poultney rivers. Near V:hite'}:alll:hceon};’ic:; tEZieaChamp-
v i nd Wood Creek unite, be ‘ : :
I:i\:fewl;::lfsi’stcarcely anything more thana river in a drowned
valley as far as Ticonderoga.

g > N STORY.
AUTHORS WHO HAVE DISCUSSED THE CHAMPLAIN HIST

It is important now to state what view.‘;a have l?een helfdlf:;l;
cerning the events that have transpired in the §1§t0r3 2udy »
1 Baldwin led oft in a s
Champlain. In 1894 Mr. S. P. : . o
this vzli)lley. After the existence of the ancient rlver‘‘a(r;liadae1
presence of the ice, he advocated the presence 9f a -
Lake Champlain,” whose waters covered the hlghes-t maL.t :
limit from one to two hundred feet.* -All the later writers cite

accept his views. . o
W};rren Upham developed the later history, specifying first
; : e
the Hudson-Champlain water body, second Lake St. Lawrence,

R

Pleis e e d V ey merican Ge r1S . March 1
of the Cbamplain Valley. American Geologist Vol XTI, M h 1894
tocene

V7
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a union of the accumulated glacial waters in the Ottawa and St

Lawrence valleys and Lake Ch f
’ amplain t; and thi .
cursion of the sea. plaint; and thirdly the in-

H.Mr. C. E‘. Peet divides into: 1, Hudson-Champlain; 2
1gher Glacial Lake Champlain; 3, Marine Champlain, partl};
equivalent to Lake St. Lawrence; 4, Present Lake Champlain.}

. Prot. J. B. Woodworth has elaborately discussed the condi-
tions of the whole area between New York City and Canada in
the latter part of the ice age,* paying attention only to what
may be seen in New York. He uses the name of Vermont
Lake for the body previously called Glacial Lake Champlain
and finds two phases in its history. At first m{he outletp c‘lwr,
charge.d through the Coville channel near Saratoga, leavin ;Sr;
extensive sandy plain 280 feet above tide. On the ;astern gside
o'f t%le Hudson the Batten Kill, at the same latitude. has left a
similar high plain near Greenwich, with the altitude (;f 350 feet
At a later period Lake Vermont discharged through th;j \Vooci
creek channel above Fort Edward near Whitehall, N. Y., at

lhe I)IeSeIlt dl\/ide bet\‘«eell t]le IIlldS()Il a (i (:]la 1 W 3y
n
mp am aters

Not to specify others, it is of consequence to learn the fig-
ures ascertained by Professor Woodworth at Covey Hill ga
conical peak that rose above the lakes on the Ih"re‘rkx;';;tio’nal
Boundary, because similar phenomena ought to appear on the
Ve’rmont side. Covey Hill rises to 1,030 feet. The highest
p.o1¥1t where marine shells occur, 340 feet ; the highest mirine
1.1m.1t 450 feet; the upper limit of terraces 570 feet ; the upper
11n.11t of wave action 800 feet. At the “Gulf’ near b / theIr)é3 is
e;udence of a stream of water falling over a cliff at i};e height
fhegilcz f:;;tr.gin'f‘hls was supposed to be a spillway adjacent to

Professor Woodworth proposes in consequence of the trans-
fer of the Champlain to the Ordovician to name the Pleistocene

1 Balletin Geol. Soc. Am S
1 Bu . Soc. er., 1892. Amer. Jour, Sci. Vol X X 5
+Chicago Journal of Geology, Vol. X1II, 1904, ol CXXIX. 195

Bulletin 84, Ancient water levels o e Cham n and Hudson valleys, New York
s of tb
C plain a nval N o

REPORT OF THE VERMONT STATE GEOLOGIST. 243

deposit, after the Indian settlement of Hochelaga, now Mon-
treal.

THE WINOOSKI VALLEY.

Returning to the discussion of the high level sands, attention
will be divided to the three valleys which have cut down
through the Green Mountains, the Winooski, Lamoille and
Missisco. Salt water from the Champlain ocean could have
penetrated the Winooski above Waterbury; the Lamoille as far
as Johnson, and the Missisco to East Berkshire. No fossils
are to be found, and the rush of fresh waters down the valleys :
brought with them extensive fluviatile deposits which now ‘
figure as terraces.

I stated a few facts about the Winooski deposits below
Richmond. The upper limit of the delta was given at 340.feet
in Burlington and Colchester. The highest part of Burlington,
418 feet, must have been covered by the waters of glacial Lake
Champlain, thus accounting for strata of sand peering above
the delta up to 380 feet south from the University. There
would seem to have been a water worn cliff on the north side
of the Fletcher Hospital, and another southwest from the high-
est hill in the city, near Mr. Holt’s residence.

There must have been an inflow of water into the Winooski
from the west flank of Mt. Mansfield. Brown’s river now
curves northerly at Jericho and passes through Essex and
Westford to the Lamoille in Fairfax, but the removal of a few
feet of light material would enable it to pass south from Essex
through Alder brook to the Winooski. From Underhill through
Jericho the slope is slight and the terraces are spread out with-

out much thickness. Behind the railroad station at Underhill
Flats the terrace may be 4o feet high. At Jericho Corners the
terrace is 540 feet high, and passes into the upper flat on Lee
river, a tributary from the southeast. In this there is a marked
spillway twenty feet lower, 23 feet above the water in Lee river,
which would have allowed much water to escape southerly near
the west line of Jericho. Below a rocky knob the Winooski
sand reaches up gradually to 520, 540 and 550 feet. It seems
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clear t'hen that Brown’s river assisted in the accumulation of
the VV'mooski flood plain, and that its course was changed ?o
flow into the Lamoille by the deposition of sediments th
blocked up the natural outlet. *

Higher up there is a hill showing blown sand conspicuousl
750 feet highon Mill brook in the southwest part of ]erichz,
What has the aspect of a marine beach encircles Richmond.
pf)nd three miles north of Jonesville, estimated to be 590 feet
hxgh: Saxon Hill rises to goo feet and exhibits indications of
considerable washing by waves, for large bowlders stand out
numerously above the till, in which they were once imbedded:
and as the result the surface of the ground is uncomfortabl,
rqugh. On its western side may be seen the high sand laiz
Tmth the height of 506 feet out of which Alder brook has caprved
1ts.cl?annel between Essex Center and the neighborhood of North
W%lhston-. The angle of this sand plain that touches the
Winooski is a good illustration of the protection afforded by
ledges to overlying loose material. The locality is about a mile
east of the high railroad bridge over the Winooski.

Betwe_en Essex Center and Essex Junction the railroad passes
over a ridge of till about 150 feet higher than either village.
From the Junction the high sand terrace is traceable northerl
to Colchester station and to north of the village, as well as tZ
the spillway of Sunderland brook. ,

. The n'lodiﬁed drift of the Winooski above Jonesville is disposed

like a high fluviatile flood plain, the upward continuation of the
delta. It seems to rise gradually to;767 feet at Plainfield and
to 870 feet in the south part of Marshfield. The thick deposits
fOE clay above Montpelier belong to it. Doubtless the unpusual
:;quan.tlty of modified drift in the Winooski valley came from a
:( ter'mlnal or recessional moraine of the ice sheet traceable from
: Wll'loughby lake along the northern edge of the hydrographic
i basin, through Walden, Woodbury and Worcester.

A high level gravel is apparent on both sides of the gap be-
tween Waterbury and Middlesex. The col is estimated to be
1137 feet high, and the gravels at 960, 250 feet above Waterbury
Center. Near M. Turney’s in Waterbury (Beer’s Atlas) is a
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delta, bisected by a small stream, formed when the glacial
waters stood at this height. Our figures are approximate, and
therefore this high level delta may have been formed when the
waters of the Winooski, even earlier than the Glacial Lake
Champlain, were prevented from following their natural outlet
and were emptied into the Connecticut basin through the Wil-
liamstown gap go8 feet. The outlet through Roxbury, where
the Central Vermont railroad finds its way, has the altitude of
1016 feet: and it is a significant fact that the fluviatile deposits
ate far more abundant through Brookfield, East Randolph and
Royalton than through East Granville and Bethel; and they
would seem to imply the existence of a glacial stream through
the Williamstown outlet from the impounded waters of the
Winooski. The other low places in the divide at Washington,
and at Warren are considerably higher than the summit at
Roxbury, and so far as known, no considerable fluviatile de-
posits seem to have been made by the early glacial waters in

connection with them.
CONNECTION WITH THE LAMOILLE VALLEY.

The lowest col between the Lamoille and Winooski basins is
near the line of Morristown and Stowe, 745 feet, in a large
swamp. Waterbury river rises on the east flank of Mt. Mans-
field, descends to this swamp and then feebly gathers itself
together for the descent through Stowe and Waterbury. There
is not as much as ten feet of barrier to turn the waters from
joining Joe’s brook and flowing to the Lamoille at Morristown.

My attention was directed to this interesting locality in 1895,
when I discovered a singular ridge of cobblestones running very
near the town lines of Stowe and Morristown. Upon investiga-
tion, it is evident that this ridge, not so very unlike an esker,
had some connection with the glacial waters moving from the
Lamoille to the Winooski. The swamp and intervale is about
three hundred rods wide, converging to an angle at the village
of Stowe. It has on its borders, first, a low terrace of about
twenty feet altitude, and a second one showing itself in the edge
of the village seventy-five higher, all of sand. The plain of the
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village, 720 feet, is at the level of this low terrace. It is hard
to be convinced, on looking northerly from the village, that the
water does not flow towards Morristown, because there is a
rocky barrier to the south. On reaching the lowest point in
this barrier the Waterbury river is seen to flow through itin a
deep gorge, so that one can easily divine the situation. The
Lamoille waters were kept in by a rocky barrier as much as a

; hundred feet higher than it is now, when the higher sandy terrace

f was deposited, and perhaps the pot hole on Sunset hill east of
the village and 150 feet higher, with the diameters of 44 and 39
inches was chiseled out at this time.

The continuation of erosive action by the waters flowing over
the rim excavated the gorge, and now the Waterbury has an unob-
structed passage from the slopes of Mansfield, and the lowland of
Stowe, to the Winooski. The water in the gorge must have an
elevation of about 700 feet.

The Lamoille valley is noted for its enormous piles of mgedified
drift. Commencing in Hardwick, they reach the altitude of 380
feet above the river in Wolcott, and ascend to 200 feet up the east
branch in Elmore. In Hyde Park and Morristown the sand is
spread out broadly to as great heights above and below, over low
lying ledges. In Johnson the sand reaches altitudes of 19o and
277 feet above the river. In Cambridge the normal high terraces
are fully 100 feet above the river. The valley is broad, and there
are signs of sand deposits much higher, toward Fairfax. All
these and others represent the ordinary terraces, made when the
T.amoille river confined its labors to its own proper limits.

Observations along the southern margin of this basin have
brought to light some remarkable high level sands. At Walden
these sands reached to the altitude of 1331 feet, 450 feet above
the river at South Hardwick. Up the east branch in Elmore
they extend to 1,055 teet. Elmore pond is at about the level of a
very high sand plain passing through Morristown into Stowe. At
the Flat mountain view farm, and at J. E. Huse (of the county
map), this plain reaches 1,007 feet. It may be followed continu-
ously at about the same elevation on the west flank of Elmore
mountain to the north line of Stowe, at H. C. M. Sherwin,
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GLACIAL LAKE MEMPHREMAGOG.

fin 1894* I announced the discovery of three elevated sand
and gravel beaches in the hydrographic basin of Lake Memph. o

remag i
W:tlj:oifzfairl(;m:;a'tlilyanggio, tI’TGO i{nd 1,270 feet above tide
s : en acia < i’
dvoes n.ot extend so far north angWIS II?Itz'd i:hgizgf—fcr Ztrar}lxd
west side. I.n Ne\vport it was recognized on Prospect l,'lillnat ;
on the east' side in Salem. In the 1861 Report high level rél
\vfere described as lake terraces, at the altitudes ?as coiresjlzdj
zidel ,;;6;,61161;;)71 ;;d 1,274‘ feet, the last two being on the east
West Derby s.eems focko)zlsol;lgut?)usthﬂatl’ Cappfd o Gmetery i
side of Black river in Coventr ’ ane 9“65'5 e v e et
re(i:gnized, capped by a layer}of coolt)lil)isot(f)l:::.se evels has been
L;kte ii;b;hfeliiz tohgeaT((i)mifobia river is only 8o feet above
ake . g nd soon reaches a lower level. Ea f
Libby’s mills, Stanstead, the lowest of these o v b
$09gn1zed, and the other two may be seen irsl pt;esiicfgsezgrlbfe
Onni;ee sleemls to be one or more of these beaches on Bunlker HI}H
on Mlg;é;iz:;;lmde of the Tomifobia to the southwest from
Upon Barton river three levels were observed at the heights
of 1050, 1180 and 1284, and were recognized as somethin gd'f
ferent from river terraces, principally because tl i not
follow the slope of the river. ey e
‘ It is only quite recently that I discovered that the outlet of
;xlgmal Lake Memphremagog must have been at Elligo pond
t;} that there was some correspondence between the levels
! ere I}Oted and the abundant strands left by the melting of the
t((:)e&]e l)l;zct;l\*o lowleir }Iemphremagog levels correspond roughly
o he Run:‘i,{at lligo pond ; .and the highest one to the alti-
e e y'po.nd, and pc.)551b1y to the divide at Willoughby
ake, cher coincidences will be apparent.
Tn.e discharge of Glacial Memphremagog into the Lamoille
explalns. the enormous accumulations of modified drift there
The various levels near Stowe have also some relationship tc;

* Bull. Geol. Soc. Amer. Vol, VI.
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the Glacial Memphremagog strands : so that it is conceivable
that at one time Glacial Lake Memphemagog discharged
through the Elligo outlet into the Lamoille, and the Glacial
Lamoille discharged through the Stowe strait to the Winooski,
and even this latter stream poured through the Williamstown
gap into White river, and eventually into the Connecticut.
This condition of things could prevail only when the ice filled
up Lake Champlain so high that there was no chance for the
water to be discharged except through aneastern outlet.

THE DELTA OF THE LAMOILLE.

The copious fluviatile deposits brought down the Lamoille
seem to terminate in Fairfax. For a mile or two above the
town to the south at East Georgia, terrace relics are very
scanty. It is possible that the powerful stream may have
scoured out the valley and transported the sediments to what is
usually termed the delta in Georgia and Milton. The sand
plains of these two towns reach the altitude of over go0 feet and
occupy much of the space between and around two conical hills
known as Snake and Cobble. It has been conceived that these
hills were islands in the Champlain marine estuary, and would
carry upon their sides the marks of the different levels attained
by both the glacial and marine overflows, and that the upper
marine limit might be ascertained with great precision upon
them.

Snake Hill is gz feet above the tide, and about 100 feet
above the plain upon the west and south sides there is a shelf
in the rock that may have been carved out by wave action.
The ledge rises precipitously above this shelf, and has been cut
into at the base sufficiently to suggest a sea wall, especially
upon the west side, which was particularly exposed. There are
many blocks of stone that have fallen from the cliff so as to lie
upon this shelf. On the east side there is a less pronounced
shelf at the height of 560 feet, also at the base of very steep
ledges. The upper shelf is at a point in the rock where there is
an anticlinal in the quartzite, and therefore may have been de-
termined by the stratigraphy. DBetween the hill and Milton
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village there are many ledges lower than the surface of the plain
which suggest the action of waves.

In studying Cobble Hill the phenomona are equally distinct,
but more diversified. The high plain reaches from Milton
around to Checkerberry Village, and is there interrupted by a
ledge to the north of the village, and by till to the south, and
southeast towards Cobble Hill. This ridge has prevented the
spreading of the sand to the southwest, and consequently the
area of the delta is more restricted than was represented in the re-
port. Anditisnot confluent with the high delta of the Winooski.
It is underlaid by clay, and marine fossils are found on it.
There is a marked lower level in the lower edge of the plain at
270 feet.  The low delta now forming at the mouth of the river
has been fully described in the 1861 Report.

On the southeast side there is a series of steps that illustrate
the history of the neighhorhood. On Malletts' Creek where it
crosses the town line the marine clay is exposed tfor the height
of 40 or 50 feet, the lowest limit visible being 236 feet. It is
capped by a gravel beach 30 feet thick. The materials include
many fragments that have been transported many miles.
This beach was first noticed near the house of N. Austin, (old
county map), and continues a quarter of a mile to the house of
A. E. Lamb, and crosses the field east of his residence to the
base of a lenticular hummock, very suggestive of a drumlin in
its shape—it contains ledges. The level is 316 feet, and corre-
sponds to that of the railroad crossing a mile to the south.
Passing up Cobble Hijll, fo‘YL;r benches are recognized, at the
heights of 446, 460, 566 and 586 feet. The land is cleared tor

pasturage up to the highest shelf where it is replaced by torest
growth, and a steep ledge, suggestive of wave action. Cobble
Hill is 827 feet high, and the 566 feet level is the one best de-
fined; and it may be recognized on the high Jand to the south-
west, and upon the west side; in this last locality it-was noted
from Snake Hill.

A pocket level indicated the same altitude of 586 feet upon a
hill two miles south, east of the house of E. T. Skinner. On
going there the barometer confirmed the level. Above it ledges

A o —— e
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of slate have been cut apparently by wave action, and t(}:legebllz
a lower shelf also, corresponding to the 566 feet level on Co
Hill. Other hills high enough to show these shelves, ;ri
situated east of the railroad, either in Colchester or Essex, bu

1 did not have time to visit them.

OBSERVATIONS AT ST. ALBANS.

A day was spent in searching for Champlain fossilé an(z; hlgEf:h
water levels at St. Albans, with fruitful .results. l\;r. .l 1
Edson showed me a shell, Yoldia obesa St.,in clay, \Vh’lcl'] l-le mi1
taken from the ground in Stevens brook. near the Week’s farm ‘an'
School House No. 1, with the altitude of f'ully 575, feet. '(fhls' is
higher than anything ever before reported for Vermont, an le\ en
exceeds the accepted figure, 560 feet, for Montreal, thou;a;')lnott
equal to the upper marine limit there of 625 ft?et. The hig 1e§
well authenticated localities of these shells has hitherto not exceed-

in Vermont.

Edg)?:ef'eel:avl'els apparently made by water were 505 feet at t}l;e
intersection of Barlow and Fairfield streets; 60'5 feet east of S.‘
No. 1; 740 feet, the base of a cliff near the residence of Govelr;cln
Smith on Aldis Hill; a flat gravel area at the same level at J.
Brainerd’s. This same level apparently is found at Mrs. Sex'oxx
to the east of J. H. Brainerd, and at the w?st, ba.se of Pl?spe;t
Hill near the south line of the town. Still higher is a shelf in t e
till at J. Sullivan, on the Fairfield road, 890 feet. Becz‘tuse it is
the highest one noted, it is less satisfactory thar‘l the others. -

None of these rough measurements agree with the observation

= of Baron de Geer, who found the highest marine limit at St.

Albans to be 658 feet, not based upon this occurrence of shells.
Mr. Baldwin saw no marine limit here above 500 feet, and he con-
cluded that the Baron’s observations must hav.e related to c.me oj
the higher levels of the Glacial Lake Ch'f\mplam. The foss;)l zma
the higher levels discovered are situat.ed in what must }-mf;'e1 {ezz{
cove, open to the south, between Aldis Hill and the Fairfie (“; @ ;
In New York, nearly opposite St. Albans, Professor Wood-
worth found evidences of wave action, in Altona and near Canno‘n
Corners, at 640, 650, 675, 705, 710 and 750 feet. ence there
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lis a general correspondence between the old water levels of Glacial

i Lake Champlain in both Vermont and New York, near the Inter-
}mational Boundary, )

DIFFERENTIAL CHANGES OF LEVELS.

It is now well established that the land does not rise and fall
uniformly over large areas. In the 1861 report it was held as
an axiom that the whole continent rose or fell uniformly, as a
mass. But the see-saw movement had also been recognized,
‘where one part rose and the other fell, like a plank operated by
young people in their sports, upon the two sides of a central
axis. Today, illustrations of this differential motion of the land
are being discovered all over the world.

Along the Hudson Champlaln valley a movement of this kind
has long been recognized. The hinge-line is conceived to be at
the mouth of the Hudson, and the greater changes to lie in the St.
Lawrence basin. The cause of the original depression has been
ascribed by some to the weight of the ice sheet.

valley, and when the pressure was taken off by the melting of
the ice, the land would respond and spring back again.

The determination of the amount of these changes of level is
effected by studying the altitudes at which the marine fossils
have been found, with which the early glacial levels should
correspond. Thus, near Vergennes these shells reach to 250
feet; at Burlington to 297 feet; at St. Albans 575 feet; the more
northern localities are the higher, but when the ocean was pres-
ent, the Vergennes, Burlington and St. Albans beach lines were
at the same level. There is besides the comparison of the
upper marine limit, which can sometimes be determined more
readily. The animals occupied different levels at different
times not easily correlated, but there ought to be some differ-
ences in the aspects of the oceanic and fluviatile depositions.

Suppose a study be made of the deltas of all the streams fow-
ing westerly on the east side of Lake Champlain. It will be seen
that the deltas of the Poultney, East Creek in Orwell, Otter Creek,
Lewis Creek, La Plott river, Winooski river, Lamoille river and

O

The greatest
thickness of this substance must have been in the St. Lawrence '

‘
|
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¥ Missisco river have each a higher level than their predecessors. A

line connecting these several summits \jvhen compare'd with }t]he
distances will show how great the rise 1s for each mile. It ;s«
been stated to be one foot to the mile, and.th}'ee and fO}ll‘ f.eet tot e.
mile according to the localities. The vz.mat’lon per mile is greater
in the lower than in the upper Champlain watfars.‘ t

I have said nothing of this differential e.levanon mn the ear}l}y.pil; .
of this report, but it will be obvious that in comparing the 'e}ig hs
of the two shelves at Elligo pond, 933 and 1,015 feet, \.Vl[ the
glacial strands on Lake Memphremagog, 970 and 1,060 feet, ’lEhe
more northern altitudes should be higher.than. the' others. " 'e
reader may bear the same variation in mqu in his compara 1er
study of the levels in different parts of the State.

CONCLUSIONS.

1. The proper geographical expression for the marine Pleis-
tocene terrane is Champlain or St. Lawrencian. ' .

2. TItis preferable to say Glacial Lake Champlain, Glac1a.1
Lal;e Memphremagog, and so on, than to use other geographi-

cal terms less easily applied.
3. Glacial waters commenced to accumulate as soon as the

ice began to melt, and may have passed from one hydrograé)}fnc
basin to another when the natural outlets were obstructz o}i
any cause. Such may have been the flow from tlvl.e Otte.r rfe

basin to the Batten Kill or the passage of the W inooski waters

Thi i i /1111 town.
to the White River Valley via '\Mlllams. |
4. Glacial Lake Memphremagog discharged thr.ough the
Elligo pond col into the Lamoille valley, and was tributary to

Glacial Lake Champlain.
5. Glacial Lake Champlain, may have been from 200 to 300

feet higher than the marine limit. .
6 %t is easier to invoke the glacial dam to account for the

- es and sea.
various Pleistocene beaches, benches, wave-cut notches

cliffs than to appeal to changes of level.
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The Drinking Waters of Vermont.

G. H., PERKINS,

INTRODUCTION,

. ;n the last Report there was a brief account of the character
and sources of the water used for d i
‘ omestic pur i i
: . ' purposes in this
.Sitbaltet At tl.le time the Fourth Report was issued it was impos-
ble to publish more than the few pages which those i
will find there. " interested
F .
accuor“;he. present Rep.ort not only is the very considerable
.lml; atlbon of material obtained for the previous Report
available, but during the last two
ila but years, much and i
additional information has been gained ’ ore hore
to discuss the subject more full
heretofore.

It is therefore possible
y and more accurately than

. ;I‘hle wiliter realizes the inevitable tediousness of too much
<detail,and yet without details it d
: : oes not seem possible to treat
the tSl;b]eCt with the completeness that it deserves. It is not ex-
:tecttz Ebhat.e\teryone will be interested in all the tacts herein
enaozg,h t;ttlt 1'snthe hope of the writer that every one will find
, at will attract his attention to convi i
i onvince him of the
value and importance of such i igati
Investigations as th 'hi
afforded the results given. i sehich have
i Prl@an}y of importance to the residents of the State. these
Tvestlgatlons are also useful to those who, though now,living
elsewhere, may have some thought of making either permanent
or temporary homes in Vermont,

The tenden i
dwellers is towards the country cy of many city
2

at least for the summer

: : months
Vanld tl;)at reg‘lon. which can furnish an abundance of pure and,
p}? atable drlnklng. water will always be most likely to secure
the patronage of migrants from the city.

*b I e (’-’-
N
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I think that the facts given in the following pages show
conclusively that few, if any, parts of the country are as well
supplied with good water as is Vermont. Moreover, the loca-
tion of hundreds of constantly flowing springs is such that it is
not within ordinary possibility that any sources of contamination
will arise in the future.

As stated in the previous Report much valuable assistance
has been received from the Division of Hydrology of the United
States Geological Survey and especially from Mr. M. S. Fuller,
Chief of Eastern Division.

Obviously, the most thorough investigation of the water

supplies of Vermont would be made by personal visitation of
all parts of the State, but however desirable such examination
of the entire area under discussion may be, it has been quite
beyond the range of what was possible. Most of the larger
towns have been visited and direct information obtained, but
for most of the smaller towns all that could be done was to
make such inquiries as seemed necessary by mail, and from
individual residents when there was opportunity. This has
been done as thoroughly as possible during the past four years.
On this account it is to be noted that the accuracy of many of
the statements given must depend almost wholly upon the cor-
rectness of the replies which have been received from Post
Masters, Town Clerks and others who have in most cases very
helpfully and cordially assisted in the work. In this way sooner
or later nearly every town in the State has reported and in many
cases a number of reports from different persons in the same
town have been obtained. :

To Vermonters some of the topographical and geographical
features here noticed will seem quite familiar and therefore un-
necessary, but it is thought that these are likely to be helpful
to those without the State who are more or less unacquainted
with facts that are well known to the residents of this region.

Besides the sources of information mentioned, the writer is
greatly indebted to the last two or three reports of the State
Board of Health and to the State Laboratory of Hygiene for
informatign not gained elsewhere.
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The records received in answer to my inquiries show that
much larger number of towns use spring water than that fa .
any other source. For obvious reasons, spring water i oot
available in the larger towns, but in the more : arsel lst I110t
parts of the State spring water is far more commgnly uZeSdet;]aerdl

W ;
vater from wells or streams. Of course, there are many local

1ties where w el eCI) or Sh( 11() W cistern tream o S
S h r IS, d a W, ter S, str S, p nd or
13.1{65, can be most COUVenlently and eCOnOmlCally uSed and

therefore the peopl i i
ple take their supplies from
these sources,. d one ormore of

Most fortunately, however, in a large part of the are £
Vermont springs not only furnish the purest water, but iato'
cheaperr and easier to get it from them than fromyan othIS
source. The State is full of hills and the hills are usua}lll f elf
of .springs, and because of this abundance of spring \vateif Lrlld
the economy of piping it from its source to places where 'a'lc i
needed some sort of public supply is found in many pl 1 1Sf
small population where under ordinary conditions suéhp yatem
would be too costly and would not be established R
cases the public supply is owned by the town in. v
located, but quite as often it is owned by y

In many
hich it is
ut qu some sort of a com

2 : pan

or by an individual. Itis also a consequence of the prevalenc};

of springs that there is not only a public supply, but several of

them in even small towns. There may be only two or three

systems or there may be more, even as many as ten or twelve
EaVc\tlhse}tf}s]tem may supply from two to several hundred fami]ies.
e ifert}::e‘:Yv:;Zerr sis;lplf)slzdo;supplies o}f]a town are public or
more ili

State Board of Health request t}};at it be ze:?tct)etri]efa;tl:tlesL t}l])e
oratory for examination at least once in every three . ?1 —
More than this, if at any time a health officer considers ir?ont .
sary, a sample must be sent forthwith. In a late Report DFEE'S-
Laborat.ory it is stated that ¢ The systematic exar:i : 1Sf
the public supplies ot the State is being carried 0;1 at trll;tldqrflf \

ent seasons of the year and, with few exceptions, the town; ;rre_

taking advantage of this o i
. pportunity of i iti
% thetr water st y of watching the condition

Pl

L—
X

i
—
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There are at present more or less public water supplies in over
S0 of our towns. When it is remembered that Vermont is emi-
nently a state of small towns and that the population as compared
with other states is not compact, but scattered this number is very
creditable.

As in most parts of the State the rocks are not soluble to any
great extent it follows that most of the spring water is soft. In
the Champlain Valley and a few other areas of limited extent there
are beds of limestone and here the water is usually hard. The
wells, too, of many portions of the State furnish soft or at least
not very hard waterv, but as a rule the well water is much harder
than that from other sources. The more superficial currents,
those which most frequently give rise to springs, do not appear to
reach so much soluble mineral matter as do the deeper currents
from which the well water comes. Most people instinctively pre-
fer spring water to any other, although in some cases where the
springs are of shallow origin and therefore grow warm in summer,
they may be temporarily deserted for wells. It is, however, sur-
prising how cool the water of many springs is throughout the
summer.

The very fine and large spring in Stowe Notch registered 39 © in-:
August and other springs in different parts of the State are re-
ported as remaining nearly constant in temperature through the
year. Most of these are not far from 40 © , it may be a little more
or a little less. In Water Supply Paper, No. 110, Professor T.
N. Dale says of the water of the southern half of western Ver-
mont. ¢ Some of the water is unusually cold. Three fourths of
2 mile northwest of the top of Dorset Mountain and 1700 feet
below it, in the township of Danby is a brook of crystal purity, in
which the temperature on September 22, 1891, was but little
above that of ice water. Ice-water springs also occur occasionally

at the foot of exposed sun heated slate quarry dumps in Washing-
ton County, N. Y., in places where no mountain drainage could
possibly come. These springs maintain a low tewmperature
throughout the hot summers. Another brook of low temperature
known as Cold Brook, occurs 3% miles southeast of Dorset
Mountain in Dorset Hollow. On July zoth, a very hot day, it
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was cold enough to form a mist about itself. Tt issues from a
limestone cave, through which its course lies and which is at
times, presumably, more or less filled with snow and ice.”

It is scarcely necessary to say that all over the State, the water
of Mountain Springs, or of brooks which have only recently been

formed from them, is uniformly cold in summer and does not
freeze in the coldest weather,

that is, is nearly constant in temper-
ature through the year.

The above applies to surface springs, that is those that break
out at the surface, but of course the same may be said of wells

though this is not so remarkable since wells are always expected
to furnish cool water,

An interesting explanation of the cold water of these springs
has been suggested to me by a friend who is a very acute observer
of natural phenomena. This is substantially as follows : Along
many of our quartzite and other ledges there is often a very large
bank of talus, broken rock which has been cracked off from the
solid portions mainly by the action of frost. This, from the
nature of the case, is not very compact, but contains numerous
and not seldom large, cavities made by the irregular piling up of
the rock fragments. Indeed, the whole mass is loosely piled
together, at least this is usually true. Into such a mass air would
readily find its way and even considerable currents would now and
then pass through, During the warm weather of summer, this
air below the surface, especially when shaded by the rocks, is
cooler than that above, i. e., than the general temperature of the
locality, while in cold weather the outside air would be colder.
Cold air being heavier than warm, in summer the cold air would
remain in the lower cavities of the rock mass, while in winter the
cold surface air would sink into them driving out whatever warmer
air there might be in them. Under such conditions the ice formed
in the winter would remain unmelted much longer than outside
and in exceptionally favorable localities might not wholly melt.

Now it is easily seen that springs arising near such places or
streams flowing through them would be cooled much below the
temperature they would ordinarily have. It has been noticed in
some places that after an exceptionally warm day or days some

- ¥

G

. 261
REPORT OF THE VERMONT STATE GEOLOGIST
i indicate that
s always increase in volume. This wou(lid lmdlca that
treams rdicate
inelt'mg ice added to their usual supplyl. It woful mat;e Slp())sv w
: tant supply came Iro .
that a part of the cons ! ' elt-
o t“;e' e masl:es that had accumulated during the previous win §
ing of 1c : : : o
lngB far the larger part of the wells in use in this Stai:;a are hs
’ s is con-
ordizlarv shallow sort, though the number of deep vr;(;e s con
stantly ‘increasing since some are drilled every year. | ommon
wells are not ordinarily more than 30 feet deep and mor

1 that is 15-2z0. In other words by far the larger part of these
ess, -20.

. . . . 1
()ldl"ary VVellS are 1n the dllft Whlch covers nedl’ly the WhOe

i red or drilled wells, are
State. D wiuz’ndagg 312:“:225 iz:cl)i(:le rock which underties
otter ‘.““’:'h deepen;an of these deep wells there are in the State I
the drift, How witgexactness, but there must be over a hundred
am‘““ab.le . saythan fifty feet deep and most are over a hundred
e '?l?erg:;;est well is one in Shelburne which goes down 1400

o There is another in Bennington 1,235 feet

fcet but has no water, ! 4
deep which is also useless for the same reason. ) I
X ells.  In
In only two or three cases does water flow from the wells o
o i v not a
nost it does not rise nearer the top than 30 feet‘and in man" s
leal as this. Deep well pumps, the Pohld air svsten];) ot e
near s. . .
ch device is used to bring the water to the su1face.‘ éep wells
su ater “p
-« most common in the Champlain valley aud' end in ¢ a i
a‘eO d. ician strata. The total amount of solid matter is usually
or Ordov . :
greater in the water of deep wells than in otll;er's. R
. . . any i
i i mineral springs. s in m
Vermont is not rich in 1 . ) ‘ ¢
i there are many so called mineral springs, that is they ha l
glo1r')s’ht taste of iron or sulphur or other substance, but not el?ougll
. 3 - v .;l
afs lg'neral content to entitle them to be classsd as truly minel
of mi
springs. . ‘ .
1 ':d e that there are some twenty springs in the State :hd 1.1t-e_g
fai l] bi called mineral. At present only six of the.zse ocaliti ;
o tronized to any extent outside of their immediate ?‘ICHHI} .
a : : 2
fil‘rl'e) v re Alburg Springs, Brunswick, Clarendon, Highgate,
ese are / o
1 Sheldon.
iddletown, Newfane anc : . . y
MIA lyses ;md other information as to these springs will be found
na

1n A% g l (v} s located.
the fOllO m page% U.lldel the town 1n Vﬁlllc 1 ea h 1 l cate 1
(=]
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" At many of the above localities
eref:ted and they are popular summt:,r
Springs named, water is shipped.
are several springs, which may be s
other more or less,

In the followin
brief account of ;

spacious hotels have been
resorts. From most of the
ln many of these places there
imilar or may differ from each

g€ pages each town in the State is named and s
s water supply is given. i

towns are arranged alphabetically.

Both counties and

e
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Reports from the Towns of Vermont as to the

Source of Drinking Water.

ADDISON COUNTY.

This part of the State Lies between Lake Champlain and the
main range of the Green Mountains., In the eastern part of the
county there are irregular ridges some of them over 100 feet
high and a portion of the western flank of the mountain range
is included in the area of the connty. Naturally, this part of its
area is rugged. The western portion, that which borders Lake
Champlain is nearly level the slope being west or toward the
lake. The main drainage of the region as a whole is northward
chiefly through Otter Creek, which extends from south to north
through the middle of the county. The whole area is thirty
miles from north to south bv thirty-three miles from east to west,
and covers about seven hundred square miles. The rocks vary
greatly in character in the eastern and western parts of the
county. Along Lake Champlain and for some distance east they
are stratified. limestones and shales. Farther east is a belt of
red sandrock and then most of the rocks are schists and gneisses.
There are in this county twenty-three towns.

ApbIsoN. 'This is one of the lake towns with a fairly level
surface. The prevailing rock is limestone or shale though there
is also sandstone. Springs are less abundant than in most parts
of the State and water must be obtained mainly from other
sources. The well water is always hard and not seldom unsuited
for household purposes on this account. Yet wells are used as
a source of supply more than any of the other sources. In the
immediate vicinity of the lake its water is often obtained by
windmill pumps.
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Mr. F. W. Fi .
. . F. W, Fisher writes from W .
is one . : Nest Addison: “
o of the serious questions of our farmers. In th(-)ur water
own very few have an ad . s part of
farms lie alon ] adequate supply except those wh
this region %]'cehe lake slhore. There are very few Sprincsois:
. re are deep wells . g : S
they seld : e s operated bv windmi
water f( Onll 'fa11' Most families have cement cisterns andlllls Hn'd
. or drinking and domestic purposes use rain
water. as all wells give hard
The eastern i
portion of the t o
hills is pretty w ' of the town lying along the frin
: p t't_\ well supplied with spring wate h“. ge of
of salts of iron.” S r which often tastes
Mr. Vanderh i
. oof mentions a mi :
which contai ) mineral spring in this .
o ims czlilcmm and magnesia sulphates magnesia btiofm
| ron, but the water does 110t appes car
ocally. ppear to be used except

BRIDI ORT. Of thls tow n 7\./[1 . D. H. Ben“ett writes :

“Everv farn
has three ';‘hta\sx ((3)111le . m;)re ordinary wells. My village home
. rells are of various t ) N '
bored and ypes. Some are piped, i. e
dug and stizli?ved ur:ﬂl:y tubing, but most in this v[zcliriit’yl.a:.
; ‘ up. There are ¢
li . some deep wells i \
mestone, the water being raised by windI;nill ”1’9 bored in the

Bristor,. i '
which is tuken'I:f}r‘losrr;E OEV? has .had for some years a public supply
water of a third Spring?:%iﬁiis'ntorth of the village and the
the villa Lo o § ped into a reservoir 150 fe
e dgisetr‘it:i:i 1lt) 'umtes’wnh the rest of the sipplvﬁtait;ioi:
are common i éhe v .gramty over the town. Privaté springs
o o etten{ re%;on and many are used. Wells also are
hae & well oo feet ]. hes.e are mostly shallow. Mr. H. Bates
feet deep thus ¢ ceep: 6 m?he.s in diameter. The water is 46
water is I;ard. ;n:{)r{lmg'to within 52 feet of the surface. The
feet of surface eoilIS raised by a pump. In drilling this well, 20
e el e > 8 ! ar:c 72 feet of marble were gone throt; '-11
r1s hard. In April, 1903, the town voted to instgali

a new supply which i
pply which is to be taken from what is known as the

E;eth HIH )TO! k on l 11¢ 11 1ta I ) O \’\lllCll
0. 1] oln 1\/101 1. he Iace fr m

tlle water 1s taken 1 Ve Or SiX S 1 e W (6}
€ S
€ ¢] th town and I,1
sd/

.

-
N
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feet above it. The brook is a large one and the water of the
purest. Indeed, few towns can boast of such a water supply as
¢his affords. When I saw it, the watcr was somewhat high, as
it was in April, but it is said that in midsummer the volume is
still large, far more than Bristol can use. Tt is stated that by
measure, when the water was not at its greatest amount, over
2,000,000 gallons daily ran through the measuring apparatus.

Most of the residents of this town appear to

CORNWALL.
The wells are from 15-39

use wells, but a few have springs.
feet in depth.

FERRISBURG. Oprings are found to some extent in this
town, but are reported “‘as not much developed.” There are or-
dinary wells and a number of deep wells which are from ninety
to a hundred and sixty feet deep. There are some “mineral
springs’ reported, but I have no definite information as to them.
One correspondent writes: “On the farm of W. B. Field is a
spring which is flowing for six months and dry the other six
months. This spring begins to fow when the first snow appears
on the Green Mountains and dries up when the snow leaves the
mountains. When running it would give a five-inch stream con-

stantly.”
Mr. F. V. Hooker writes: “There is scarcely

GOSHEN.
well supplied with good spring

a place in Goshen that is not
water from the neighboring hills.”

GRANVILLE In this town the residents use springs far
more commonly than anvthing else. The water is pure and soft.
Wells, 10-15 feet deep are also in use though only to a very

fimited extent.
Springs generally supply the necded water,

HANCOCK. \
which js good and soft.

LercgstEr. Ordinary wells are used mostly in this town.

LincoLN. Though a mountain town, this place according
to reports received uses wells more than springs, although springs
are net at all uncommon. Mr. C. T1. Heywood reports six never
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‘fz}ﬂmg sp'rin.gsion his farm, some of which supply several fam-
ilies. This is in West ILincoln. )

l\IIDPLEBURY. Formerly this town took its water from Otte
Creek with the result that typhoid became altogether too frer
fguent. A few vears ago a new system was installed. The -vatﬂ;
is taken from springs in Bristol notch, 700 feet ab(;\*e the ‘to n
'flnd pipe.d seven miles to a reservoir on a hill above the villa:m;
(:1;0311 wl?lllch it ﬂoyvs by gravity. See table for analvsis. Ou-tsige
zlre uze\dl. age springs are much used. In East Middlebury wells

MoxkToN. In this town wells and springs are used about
equall):. Most of the wells are ordinary dllé wells, but there
are a few bored wells, one of which is 360 feet deep’ Another
well, drilled by M. O. Snow & Co. for Miss Eliza Brown is
200 feet deep. The water is 114 feet deep. The. well gocs
thrlough 188 feet of soil and 18 feet of rock. The water ishsoft
and 3,000 g i i
o i,s,(zl_}somb.allons daily can be obtained by pumping.

A wind-

NEwW H;\VE.N. Wells and springs are hoth used and in about
equal numbers in this town.

) 3 1
| CRW]:I,.I.. Wells and springs are most commonly used and
apjfarex'itly in about equal numbers, but in that part of the town
g-hl:h is near the Lake water is pumped from it by windmills
isterns are also used to some e ' : :
E S xtent. The wells 2
to 20 feet deep. e from 12

. PANTC?N. M.r. R. J. Kent, writes:  “A large portion of
t e.\vater in my immediate vicinity is taken from ILake Cham-
plzllm. Sprmgs furnishing large water supplies are not found in
this locality.” L

RIPTON.. This is a mountain town and all needed water
can be obtained from springs and brooks.
Sarispury.  Wells and springs are used, but wells mostly.

SHorEmAM.  Wells are mostly used in this town, but they

t_“—
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are deeper than in most parts of the State. Drilled wells from
50-100 feet are not uncommon. There are also springs. The

water 1s all of it, hard.

Srarxsroxo.  There are both springs and wells in this town,
and both are used for domestic supply. Mr. L. G. Ferguson
writes: “The largest spring in town is situated about half a
mile cast of the village. It furnishes most of the water to run
a sawmill which is about a hundred rods below it.”

VERGENNES. This town has a public supply taken directly
and without filtering. frem Otter Creek. The character of this
water is very unsatisfactory and steps are being taken to change

the source of supply.

Warraanm.  Supplied mainly by springs, though there are
some wells.

Weyeripce.  Supplied mostly by springs, though there are

a few wells in use.

Wirine. This town is mainly supplied by water from
drilled wells which are moderatelv deep. The water is hard.

BENNINGTON COUNTY.

This County forms the southwestern corner of the State.
It is thirty-nine miles from north to south and twenty from east
to west at the north end which is widest. The area is about six
hundred and ten square miles. A portion of the great marble
area of western Vermont extends south from Rutland county
through Wallingford, Dorset to Manchester. The surface of
much of this county is very irregular and there are numerous
low mountains, that is over two thousand feet, but not much
beyond this, culminating in Fquinox at Manchester, which is
3816 feet in height. Often the heights are near each other,
giving rise to numerous deep, narrow stream valleys. The
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str
: earlns are numerous, but there are few ponds
argely crystalline a i :
3 nd precambr
e lline P ian, but some are
y contains seventeen towns.

The rocks are
later.

ARLINGTON i
¢roN. This town has a public water supply which

is tak i
;boute: fr.(:l)m a;arge spring on Red Mountain. This source is
: mile and a quarter from Arli
bou : Arlington and 200 f
o g eet above
e Ev;:ry family, except two or three which use wells, receives
I bsuppy from this system. The water is sent to t’he St t‘.
4 , ‘ ate
h:l ;)ratobr_\ every three months for analysis, It is somewha:
rd, i .
ar 'Sp(r:-l out:. 810) but is used for laundry purposes. Red Moun
ing boils up from a mass of rock, i : -
S cK, 15 walled up £ E
and covered. The near ing i otast, These
. est dwelling is eigh i
‘ . . ghty rods distant. Th
1s a reservoir holding thirty tho \ water
\ usand gallons. Bef hi
was used, wells varving i n . fect fuenichod
, ving in depth from i
most of the water used.” 7010 45 feet Turmished

C. A. TowLE, Pres. Arlington Water Co.

East Ar . .
by sprime A;LINGTOJ\. This part of the town is mainly supplied
?Y springs, but there are some wells, both dug and driven

B 7 o 0’ :
ENNINCTON.  “The Bennington Water Company use

;;:L::rl’r'l sz:;iipf;o}r; ‘\Zh;)ch \Vate(r1 is brought to the village by
V. e bee i i
hy artesian wells. T'wo were ngllzdebi'n R;};lsHtO\z\? tf(’) tg e
one thousand two hundred and twent.v-ﬁve' feét'd;se ; :}?m, (Elue
:cwo hundred feet, but no wacer was ;'eached b eitIl)llar e'I?li e
s a la.rge storage reservoir holding 75,000,000 leons .d de' rf
trlbu‘Fmg reservoir holding 1,000,000 crallims gTh essure
the village is 125 pounds. ) ‘  presare ®
i;)rme“i;mecspg;gs are.reported in North Bennington.
Substrat,um ‘.Jf t.hi aw \ivrlt.es <?f this part of the town: “The
O haram of s \fllClI"llty is lime rock. There is also a fault.
o e audeoltnhe ?ﬁ';hls fau‘lt @ stream of pure, hard water 15
o, der o) f ty or 51xt:v feet. On the east side nothing
of .stort. 1s“foimd. ~ Of Bennington Center. Mr. E. S, Chand-
Wellvsvrl ei‘ ‘V\ ater 1 the immediate vicinity is hard in both
and springs, but the supply for the water syvstem which

- &,
2y
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comes from the Green Mountains is soft. Qutside of the village
limits there are numerous small springs. There are no wells
in the village, all are supplied with running water.”

Dorser. Mr. E. H. West writes: “Water in Dorset is mostly
from springs, but both dug and driven wells are used. Dug
wells are from fifteen to twenty-five feet deep, driven wells from
twenty-five to forty-five. There are no very large springs, but
a large number of comparatively small ones on the west side of
town in that part known as Dorset Hollow. Anyone of several
of these would furnish a splendid supply for Dorset. In the ex-
treme east part of the township there are a few fairly large
springs of good water which would furnish a constant supply for
both Fast and West Dorset. In one driven well the following
material was penetrated: Loam, 5 feet; gravel, 2o feet; putty
clay, 8 feet; sand. 2 feet; hardpan, 8 feet, and water was
reached. The character of the material gone through varies
greatly. In a well within twenty-five rods of the one just men-
tioned they went through 116 feet of quicksand without striking

hardpan.”

GLASTONDURY. The supply in this town is mostly trom
springs though a few wells are used.

1ANDGROVE. Wells and springs furnish water for the peo-
ple of this town. Springs are used more than wells.

Maxcuestsr. Mr, D. K. Simonds writes: “All our vil-
lages are supplied by a fine water system from springs at high
elevation on the mountains east and west of us and almost all
the farms outside are supplied with running water from the
foot hills lower down. This water is good, but contains more
or less lime carbonate. The springs from which the water system
gets its supply are above the lime and the water is soft.”

The famous Equinox spring is often supposed to be a mineral
spring, but it can hardly be so considered as its mineral content
is very small as the analysis given below shows. Its value con-
sists in its purity rather than in any mineral which it holds in
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solution.
as follows :

O . ..
' ne U S. Gallon, 231 cubic inches, contains:
Bicarbonate of Soda .

Chloride of Sodium. ... ... . . o
Sulphate of Potassa...... . ..... . . o7
g 0.0772
Bicarbonate of Lime........ . . . ) 1424 ‘
Thonate of Lime........ ... 1.0787
o nf Magnesia.......... .. .. o?/ ,S ‘
Oxide of Iron and Alumina oo
Silica ... ... s
. e 0.1796
Organic and Volatile Matter. .. .. Tra7c;
Total Solids............ 4.16 i
............ JIOIT grains
fe)

Total Residue on Evaporating at 249° F 28288  «

.
I'he spri i {

e it pring s on the side of Mt. Equinox 1,200 feet above
: age. Its temperature is usually 308 F. T i s
from the echistose k of s S
o the ~his rock of the mountain. The water is piped
o\e; mall covered basin near the spring and then -
per reservoirs it of )
b$1ln([ ¢ «\r\fnrs buiit of cement and stone which have a com-
: e :{I_amty of 350,000 gallons. Most of the village su .l
omes irc i i : e

rom this source, but there is another basin or: the [;Est

of the to i
o.wn on the Green Mountains and from this water
be taken in case of need., ater ean

it runs to

MAxcug

STER CENTER. This vi i
water sy his village has an independent

» The water is taken from springs in the hills

) Tirt. This is a very hilly town and the w
Zj. undantly suppiied with springs w
ior all the needs of the residents

. hole region is
hich furnish ample water

PoviwaL. Wells and  small

water. Tt is mostly hard. springs  supply all needed

Powxar Nowrrm. There is i
‘ WAL ) . ere 18 in this village a public s
z)illt by the P(?wnal Manufacturing Compar?v. ’?hé lfv::tu DPIi);
aken frons springs which form a small brook. A dam ebrml"

An analysis made by Prof. C. F. Chandler in 1892 is

~ i

(e
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acros- this brooik forms the reservoir irom which the water is
taken to nmunerous families and the mill.

ReADSBORO.  Springs supply the entire village. The system
is owned by the village and the water from springs flows into
an open reservoir which was enlarged in 1903 to cover eight
acres. ‘The intake is three hundred feet above the village.

Rurert. Wells are mostly used in this village, though a
few springs are used. In North Rupert mountain springs are
mostly used for domestic water supply. There are also some
driven weils.

Saxpoate.  Both wells and springs are found on the farms
of this town. The wells are from 12-43 feet deep. The water
is hard in some. soft in others. Some families use water from

streams.

Mr. Reuben Bentley, writes : “The town is as a whole very
well watered. Streams run from hillsides and valley, there are
many cold springs. One in the south part of town flows from a
rock and has been in use many yvears. It is very cold, but hard
water. Near this Parker spring, are two belonging to me that
never fail, and make streams. One is soft water. 'There are
many others.”

SearsBURG. Water mostly from springs.  Mr. George
Farrington writes: “We have no deep wells in town and our
water supply is almost wholly from springs from the moua-
tain side and the water is soft and pure. The springs are from
three to five feet deep and are stoned up. I know of only four
wells in town and they are not used for drinking purposes. In

one the water is colored, and, 1 think, charged with iron.”

SEAFrspURY. Wells and springs used. Most of the wells
are shallow, but some are deep. One is sixty feet. 'There are
several large flowing springs. One of these is owned by the
Fagle Square Company and is used by several familics as well
as in the boilers of the mill. Another, owned by A. O. Hunt-
ington, supplies several families and “There is enough running
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away to supply a good-sized village.” The uniform tempera-

ture of this spring is 48 F. Smaller springs are common, Where

these are not available water can be found by digging 15 to 20
feet.

SrAMFORD.  “Nearly all the people in this town get their

water supply from the numerous springs found in nearly all

parts of the town. There are a few ordinary wells. The water
1s all soft and of good quality,”

M. L. WHITNEY.

SUNDFRLAND.  Only spring water is used in this town.

WiNnarl. Most of the water used for domestic purposes

comes from springs. There are some small wells, none over 810

feet deep from which water is pumped. All spring and well
water is soft.”

C. B. WiLLiams.
WoopForp.  “Most of the water su
boiling up from the ground.
from 8-30 feet deep. One of
only hard water in town.”

Pply comes from springs
There are perhaps a dozen wells
the wells is hard and it is the

D. W. GLeasoN.

CALEDONIA COUNTY.

This county is bordered on its entire eastern edge by the
Connecticut and the Winooski and Lamoille rise within its lim-
its while the Passumpsic, formed by the union of two branches
at West Burke, flows southward from that point to enter the
Connecticut at Barnet, thus it flows for some twenty

miles of
its course through the county.

Much of the surface of the county is hilly and irregular, but
except in the western part it is not mountainous.
numerous and a few are of considerable size.

As would be expected, the reports of

Ponds arc

different towns show

s ST,

ey i ¢
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i 'hi ore
that in the hilly portions springs abound, while through the m
level eastern part wells are common.
There are seventeen townships in the county.

RBarxer.,  Although this town is in the eastern.part tzf uth;a1
connty, it is mainly furnished with water from springs thoug
ome wells,
there’[?;:rz are several public supplies. Onf:,' ow,ned by ME G. i
Brown, furnishes water to about thirty families, The Ea‘sth 1aglrsne
Water Company supplies a considera'ble number of h?ubi 0 r.lOt
Mr. Brown reports that the springs owned by him have
failed even in the driest time for a hundred years. L a
Tt is said that in Easr BarNET there are no wells at all, a
7 ing from springs. ‘
e “}i\tir(l:].se’([}.cgle]mgll of the Fast Barnet \:Vater‘ Co., wrltve:l;
“The East Barnet Water Company has 'been in ex1'stezllce'a y;nd
and a half (1903). We have in a t\\'O—l‘ﬂCh galvamz? hplpehave
all the water we use comes from one spring about whic We11 e
made a reservoir holding about two hundred and fiity gz }?eré
There are other springs piped to houses. All the water use
from springs.” . .
Come;n W ESTPB.-\gl;NET. however, while there are many springs,
¥ many wells. . '
t,xereI::l rttlelealjicl)lage of McIxpors FaLrs, which is i1.1 this t0?\7q§;1111)0.
springs are especially abundant. Mr. F. H. Colby wrlltte::so.f g
not think that there is a farmhin tci‘wn th?t“h;i rn(S)Lt1 :pli o h,as
tc spare. I am interested in three lines ot w V. © e
i milies and each of the others twelve. There are se
th%ll;tr Z:llllll)]rll'lies here that have about the saine number ofdcilst?\rir;—
ers. The water runs all the time and is pure“ a{ld goo . \;e .
W. H. Gilchrist, of the same village writes: “We h.dve nso ringri
large springs in this town. Most of the water c01v'nfes trl(?m ”p
on ‘fhe hillsides which supply from one to twenty ;'1m1 ies. ;
Burxe In this town there are several supplies, one-o“;nf
by the town and two or three small systems owned prlrla ez(;
drdinar\' wells supply a portion of the town. These wells a

19
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from 25-30 feet deep and some go down into the rock. The water
is hard ,

Dawvirre. There are here very few wells, the water nearly
all of it coming from springs. Mr. J. H. Stevenson says: “Nearly
every landholder in this section gets water from springs. A few
dig wells from G-29 feet deep. The same is true of South Daii-
ville.”

Grorox. The water used in this town comes mainly from
springs. Mr. F. W. Page writes: “Nearly everyone has a gond
spring which never fails from which he obtains his water suppiy.
A few use ordinary wells, but most use springs.”

Harpwick. Springs abound here and no wells are re-

ported. The town supply is taken from Eaton brook about three-
fourths of a mile from the village, but the supply is not sufficient
for emergencies. The brook is fed by springs.
open reservoir holding 200,000 gallons.

There is an

Krepy.—The water here is reported as “abundant and good.”
It is mostly from springs, but there are some wells in use.

Lyxpox. . There is here a village water systém and several
less public supplies from each of which several familics take
water. There are several quite large springs in the town. The

village is supplied with water from reservoirs into which
springs flow,

Lyxpoxviire,  This part of the town of Lyndon has its
own public supply. The water is taken “from a brook which rises
in a cedar swamp.” There is an open reservoir high enough
above the village to give a pressure of 145 pounds. 'There is
also another system owned by the Iyndonville Water Co. which
takes its supply from a brook fed by springs. The Boston & Maine
R. R. has a third system which takes the water of certain hill-
sicle springs to a reservoir from which it is distributed.

The water from all three of these sources is hard, but appears
to be otherwise good.

Nrwark. Springs are mainly used here for family supply,

<7
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but there are also ordinary wells. A mineral spring is reported
the water being sulphurous.

PracHAM. Wells and springs are both reported as in use

in this town, but springs are most used.

. . ] ed
RyrcaTE—Nearly every house in town has water pipe
from some spring.”

SHEFFIELD. No wells are reported in use in this town.

Springs furnishing all needed water.

St. Jounsury. There are few or no wells used in th.is
piace. The supply is from two systems. One own'ed b\ t}'1e VII-,
lage takes water {rom the Passumpsic river, pumping it directly
into the mains. This river system is used less and less for
domestic purposes as the water is unfit for such use. ' 'I.‘he pumps
are worked by water power usually, but there is auxilliary stear'rl
power for use in time of need. In the early part of 1904 this
water was said to be used by about a fourth of the people but
this number is constantly decreasing.

The other svstem takes water from a pond in Waterford,
hence it is called ‘the Waterford System. This pond has an area
of some seventy-five acres or more, is four miles frqn St. ]ohr}s-
bury and 360 feet above, the lower part of the village.  The
pond is fed by springs and the water is run through large sand
filters before it is distributed. There are three of these filters
cach fiftv feet in diameter and forty-two inches deep. “The water
shed is lllrge, wooded, and sparsely settled.”

SraxNArD. Wells and springs are both used, the latter
thostly.

Surrox. “Our water supply is from flowing springs or a
few ordinary wells. b A Homss

F. A. Pillsburv & Son report a very fine large spring which
they own, located in this town. The water is pure, cold, and
abundant.
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on their own land.”

W ATERFORD.
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A . e 3. arpenter Ccorronorates e above as (¢] IOWS.
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T U ) S S
O €V10 lSl\ t]le p()nd fIOﬂl \\llICIl \; ateI 1S taken
b\/ ~ t. OhIlbbL Ty 18 10(-ated in tlllS town ‘

WHEELOCK. Thi i
k. 'This town is well supplied with springs
[T

CHITTENDEN COUNTY.

Chit /
tenden county forms a part of the east shore of Lake

Champlain i
plain. Tt is for the most part uneven, indeed this may be

said of most of thi i
this State. It is not, however, as rugged as
> .

are many pal ts Of / lltalll
\eIIllOnt, a H]. CO1 S COIISldeIal)le fallh

Tt is thirtv mi
cast to wet?tlrt}hmﬂes fr'Om north to south and twenty-two from
square mil . s area is not far from five hundred yand twent
the rocks N ihe western part of the county near the laki
are nearly all stratified :
The head i ed, shales, limestones, sand
pr0m0ntolr3::31 ds which here and there extend into "che laliteor;es.
i i 1
Cambrian Sgoare mostly of the red sandstone which is middle
ac MCNeiig ;oirzte’ as, %Ol(cihester point are Utica Shale, and a few
- are Ordovician 1i 1
Ordovici T mestone. The Cambri d
cian rocks are limited to a rather narrow area num 211;1
ear the

N .
s ’lI{l.eC. . Stevens writes: ‘“There are no wells
. people are supplied with water from springs

S j d
ome w ells are reported from this town yet
’
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lake while a few miles east the rocks are all metamorphic, schists,
gneiss, etc.

North and east of Burlington there are extensive sand plains.
Probably the greater number of the residents of this county get
water for domestic purposes either from the lake or from wells
and, as a whole, the region is not so well furnished with springs

as is much of the State.

The main streams are the Winooski, which flows through
the country frem east to west, the 1 amoille, which flows through
the northern part and numerous gmaller streams. Ponds are not

numerous.
There are sixteen towns in the county.

This town is located at the base of Camels
tJump and in part on the slopes of that mountain, and like all
of onr mountain towns. it is well supplied with springs. As to
thie Mr. G. A. Pease writes: “The town is supplied with an end-
less number of small springs of purest water jssuing mostly from
rocks. 1 presume that within a circle of a mile almost anywhere
probably a hundred springs could be located.” The

Bo1TON.

in town
water is reported as Very soft.

BURLINGTON. The needs of this city are mainly supplied by
the public system which, as will be seen in what follows, takes
water from Lake Champlain, pumops it by steam to two large res-
ervoirs on the «11ill” whence it is distributed by gravity to all parts
of the town. These reservoirs have 2 capacity of 7,000,000 of
gallons and there is an iron reservoir holding about 170,000 gal-
lons from which 2 smaller number of families living too near the
level of the large reservoirs to take water from them are supplied.

1n the business part of the town the pressure is 8o pounds.
There has for some years been more or less complaint by
residents on the shore of Lake Champlain that the water of
the lake was greatly injured by the discharge of waste from pulp
mills on the New York shore and by towns on the shore, espe-
cially Burlington.

The agitation of the question whether the water was really



278 RE
PORT OF THE VERMONT STATE GEOLOGIST
polluted by these di |
se discharges or n
pofuter ot led to
or McCullough to the Director of the U aS r?}qeli)ei(sj)t ’frc;n; —
.S, gical Survey

1hdt 1 ass p f
g a ¢ 1 8 t
bt (& 1 O cte vestigato O eéxamine lle water o

. rep t . g > 9 3,

” € lake a (l 1 lake eport ]leIe()n ACC()Idln 1 imn IQ0 t]le
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. >

this duty. Investigati
: tigations were mad ;
and a report published by the Stlrveir (ij;:rirglg;he summer of 1903

The entire report, which i i
Sepply o Torie , c 1s'pu.bhshed as Bulletin 12
i portri?nastlo?1 .Papers, is interesting and instruc{c,iv‘(levaljelt-
ony those por };ave\\t/hlch 1ref.er directly to Vermont can be ,iV;n
pere. ahes AlthouGhoulg ht it best to give plainly in the a11§10r’
bt ot el cth1.e report does not claim to be ¢ 1 )
) inary,”’it is by far the most careful and tﬁ:i};lf;e};

investigation of th
. . e water of Lake C i
point of view that has yet been made pemplain from @ sanitary

In this connection a brief revi

supply of | ; o review of the history

pileld ».fromB:j;lir(l)itson will be mt?resting. The foll-oxsfntfh?s‘zz;?-‘
living in Burlingtons?urces. PI:lor to 1807 most of th: families
water they used for 1]a(1 w.ells from which they obtained all th
cistern water was Li~o 1111€St1c purposes except that in some casez
prings, some of thel::c ff)r washing. There were also a few
substances. In 1867 a qm-te~ strongly impregnated with mineral
being pumped from th lbubhc supply was established, the watc
take was located not : ake to a reservoir on the ‘-‘Hil’l.” The neal-.
docks. For a time this ayr from shore near the north end of the
-;n a few vears, howeve\; alzf;::,'aj)ecf nSiderbed pure and wholesome.
rom the w. S sons began to feel i

juring therrzll.ter]it?rrinat };aSt they sup posed that the \fleteli]weafieics
increased and the sfs ¢ following ten years intestinal troubles
sewage of the City‘ thp1c1ons that the water was affected by the
intake, grew stron ,e ) gu-ﬂet Of, which was not far south of t};e
of reason be tracecélzt:). thk till all sickness that could with any show
There were cases of ty }el water was of a comparatively mild sort
number than in towns}l})l Ol-d fever in town, but not in any 1arger.
ity. Little was d aving a water supply of established pur-

one until 1888 when an investigation was carlililerd

<
“~
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on for some weeks and numerous analysis of the lake water were
made by several chemists. The results of this investigation do not
appear to have been very conclusive, but so far as they showed
anvthing of importance they showed that the water used was not
found to be so impure as to afford good ground for anxiety.
Notwithstanding  this report, which was published in the
twenty-fifth annual report of the city, more OT less tineasiness
prevailed among the citizens and this increased in the years
ollowing and finally reached such importance that
Prof. W. T. Sedgewick, of Boston, was called upon to make a

special examination of the water supply of the city and to report
f Professor Sedgewick’s report is given n

immediately f

upon it. A portion 0
the following quotation:

] am informed that many of the physicians re
supply with suspicion, and 1 find that the successive health officers
in their official reports have frequently referred to the water as
more or less objectionable. 1 therefore undertook, first, to dis-
cover the actual effects of the water supply upon the health of
the city.

“Tn order to do this in the case of a water supply suspected
of sewage contamination it is customary to take as a measure the
diarrheal diseases and especially typhoid fever. I

have therefore carefully studied the vital statistics of Burlington
for the last twelve years, comparing the mortality from typhoid
lso with the number of in-

fever with the total mortality and a
habitants.

“The results show conclusively
tvphoid fever (and the same is true for diarrhea and dysentery)

has not been large in Burlington during the last twelve years.
The average annual mortality from typhoid fever from 1870 tO
18971 in Burlington was 3.57 per 10,000 inhabitants.

«] then went on to show that Burlington compa
‘0 this respect with many cities having water supplies of un-
doubted purity, and stated that in respect to mortality from ty-
phoid fever it had a better record than ‘many cities having water
supplies of good reputation. This weighty fact alone justifies the

gard the water

prevalence of

that the mortality from

red favorably
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COllC] i1s10n that there 1S 1no p()sltl\/e evlden ¢ m the sanitar &
{a 1t ].l 14 h . - C‘ 1 t b] 3
statistice Of the city that the water Supply 1S 1mjurious to Pu 1c

health. I ma
. v add by way of confi i
o , 3 confirmation that during the 1
e rlygton Suhaxlu? made repeatedly bacteriological anal;sis of talj t
e ?p y, and that I have found no satisfactory evid .
“IplgsencTe of sewage in the drinking water g o
n fine, 1 ini o
of any in'u;i’ am of the opinion that there is no positive evide
’ jurious characteristics in the present supply. But I ice
ev ¢ .. . . ) )
diarerh.ie\{e(rl‘fheless that in view of the common occurru ;
" ‘ en
danh dmerll.sturbances reported by physicians, and on ac(c:Zu?li
ol e m tac(? to the public health involved in the present
think,zhate.r‘zt, some other source of supply should be fofnd rlI
o that 1 \;ould be of. very great sanitary advantage to rem.ov
\ as far as possible out into the broad lake " )
AS a 1 1 :
o Cit:vezélt. Jofd this recommendation after some considera
A cided to extend the intak :
P ' : ake out to Appletree C
o ?1(]:1(; of thre(.? miles. This was done in the sutﬁfner (oﬁ; ?Secfl
poert Sta(z'ktensmn-was .completed and the supply taken fr21;
the new 16";01;; thelmtestmal and other troubles which had beel*‘
ss prevalent in the city, al i |
ot o he city, most entirely ceased
Wateyr qs.howed a marked improvement in the quality of T;(E
pate in ;rllrcllce the improvement just cited was made tI;e condiL
R COHdz;;gund Burléngton have materially changed and the
: ns may be giv ' ing
eioton given as follows, quoting from Mr.
“Burli i
populatiorrll1n;<gft01né 6Vt., h;s, according to the Twelith Census, a
640. It is situated i P
population ¢ on the east side of I,
o Vé);jm, in the center of a broad bay, shown in fig. 4 (p ; a}?)e
e .er 51.1pp1y of the city is pumped from the Iake-—t};e77i'£1.
fake ;mg situated northwest of the city at Appletree Shoal
ugh a suction pipe extendi - ke
ng along the b
o su ' g g the bottom of the 1
o th pt:lmpmg station on the lake front, nearly opposit ?1;6
" Carr.er(li bof the harbor breakwater. 'The Sewa-ge of thee 'te
" lalie v a trunk sewer to the water front and emptied icrit)
e at the shore nearly due east of the south end of th(;

breakwater. All
oY . All sewage except a small, insigni -
is discharged through this outlet. » nsignificant quantity

e —\

gy .
T ]
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defined by Lone Rock Point and Apple-

“Into the small bay
wastes of an extensive rendering

tree Point are discharged the
establishment.
About two miles north of Appletree Point, Winooski River

This river drains 993 square miles in the

empties into the lake.
land. Near

State of Vermont, most of it farming or mountain
the upper end of the river is situated the city of \lontpelier, and

near the mouth are Fort Ethan Allen, an extensive United States

Army post, and the
habitants. From both the army post and W

village of \Winooski, containing 3,783 in-
inooski village are

discharged large quantities of sewage.

§ the various points above men-

tioned to the configuration of the shore are important, as they
are such as to protect large areas of water and render them
comparatively stagnant, that is, they are so situated that circu-
lation must he considerably less than that in the broad lake. A
few miles south of Burlington, Shelburne Bay, a large body of

water from 70 to 100 feet in depth, makes into the mainland.

Shut in from the rest of the lake except at the comparatively
Red Rock points, this bay

narrow outlet between Shelburne and
is comparatively stagnant. A slight current from the mnorth
seems to flow along the shore ahove Red Rock and circulate in
the bay. This is quite pronounced when a strong north or
northwest wind is blowing. This bay is therefore considerably
polluted by the sewage of Rurlington, and on account of the
lack of dilution the water reveals a somewhat higher amount
of organic matter than has been noted in the water of the broad
lake. Rurlington is protected by a long, artificial breakwater
around which the current ewirls, the direction depending largely
railing winds. It has been noted hy

upon the direction of the prev
various observers that when the wind blows from the south the

current seems to be deflected from the lake into the south end of
Burlington Bay, thence northward inside the breakwater. Simi-
larly during a northerly wind the subcurrent runs south behind
the breakwater. Just north of Burlington there is a small area
of comparatively dead water eastward from Lone Rock Point.

The geographic relations 0
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Between Lone Rock Point and Appletree Point there is another
bay well protected except from southerly winds. This is the bay
into which the offal from the rendering establishment is turned,
and at the mouth of which, on Appletree Shoal, the water intake
of the city has been placed. North of this, Winooski River makes
out into the lake at a southerly angle, the current deflecting
southward even when the lake surface is quiet. Now, as has
been stated on previous pages, the normal current of the lake at
the shore is southward. The water of Winooski River when dis-
colored by floods is readily traceable southward into the lake,
the track having been observed as far south as Juniper Island
when strong northerly winds were prevalent.”

EFFECT ON LAKE CHAMPLAIN,

The conditions above recited seem to be well adapted for
confining the impurities coming from the Burlington sewers and
from Winooski River in that immediate region, the trend of the
impurities varying with the immediate local conditions, Normal-
ly, without winds, the sewage from Burlington takes a southerly
turn along the shore of the lake and swings outward, taking a
northerly course by Appletree Point, or a little farther to the
west. The water of Winooski River apparently flows south and
then swirls into the broad lake in the same manner; thus the
impurities are concentrated first at one place and then at an-
other, the ultimate mixture giving to the water in the region of
Burlington and for several miles north, south, and west a char-
acter which by no means warrants its consumption for domestic
purposes in the raw state. ‘The impurities issuing from Bur-
lington and the Winooski are almost entirely of a sewage na-
ture, there being very few industries the waste from which com-
plicates the pollution problem in an important degree. The
specific tests by which this pollution can be traced are the familiar
ones commonly used in sewage-pollution cases. There shouid
be under normal conditions a general increase in the amount of
chlorides in the water, a slight rise of the amount of organic

o,
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. . . h

matter, but most of all a surplus of intestinal bacteria, of whic

’ - - - .qe

the Bacillus coli commuins 18 the most familiar. . 1 "
It was necessary to secure some data concerning the nor.‘ ; !
] , i sible

water of the lake, or rather to secure as good an 1de.a ai poi1 o
if i 11 mixed and the

r would be if it were we

of what the lake wate . ‘ od and T
various ingredients uniform 1n proportion. For this p vp' ‘
ose portions of the broad lake which

7 d in th
samples were collecte influences, whether

seemed to be least affected by polluting

natural or artificial.
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Tt will be noted at the outset that the water contains a
fairly high proportion of dissolved solids for this part of the
-, country. Where in this case the water contained from 63 to 70

parts per million of total solids, L.ake Winnepesaukee in New

Hampshire contains 20 parts; Rangeley Lakes, in Maine, 20 to
26 parts; Moosehead Lake, in the same State, 23 to 24 parts;
while the various smaller lakes and reservoirs in Massachusetts
r contain from 18 to 37 parts of dissolved matter per million.

The analysis given in the table further show that the quan-
tities of lime and magnesia found in the water are extremely
high for this part of the country, the lime running from 19 to
22 parts per million, while that in the water of Rangeley and
Moosehead lakes is approximately from z.2 to 2.5 parts. The
amounts of iron, aluminum, and silica are fairly large, while the
proportion of soda is far higher than in any other surface water
of New England. Tt is essentially a carbonate water, although
the amount of sulphate contained in it is proportionately some-
what greater than is usually found in this part of the United
Qtates. The ¢hlorides are high, exceeding by about 100 per cent
the normal chlorides for this region.

The sanitary analysis shows that the water contains a small
amount of organic matter. The fact that the amount of chlorine
is ahove the normal for this section is unmistakable evidence
that the water has heen polluted. TIndeed, it is not necessary to

| refer to an analysis to determine this point. But the amount of
T organic matter in the samples under investigation certainly indi-

cates that the water in the broad lake is of satisfactory quality.
The amount of albuminoid and free ammonia is considerably
less than that contained in several normal surface waters of New
England, while the nitrites and natrates gives insignificant testi-
mony, save that in the case of the latter it is shown that oxida-
tion has been rapid and abundant. No bacteria of intestinal
origin were found in this water. As might be expected from the
large amount of calcium and magnesium noted in the inorganic
analysis discussed above, the water is very much harder than that
generally found throughout New England, the hardness deter-
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mined by the soap method being, on the average, 50 parts per
nullion, against 2 to 12 parts in the lakes and reservoirs of New
Hampshire, Massachusetts, and Maine.

After quoting much more fullv from the report made in

1892 by Professor Sedgwick than has been done in this article,
Mr. Leighton comments as follows:

“The statements above recited with reference to the water
supply of Burlington indicate in a measure the condition of the
lake in front of the city twelve years previous to the investiga-
tion of which this publication is a report. Since that time the
population of Burlington has increased about 30 per cent. There-
fore, the conditions, admittedly had during that period, must of
necessity be still more unfavorable at the present time. It is
thercfore safe to enter upon the investigation with the assump-

tion that Burlington sewage does damage the lake, and the prob-
fem resolves itself into a question of the extent of that damage.
One of the most striking features in connection with Bur-
lington pollution brought out by the report of Professor Sedg-
wick is the apparently enormous power possessed by the lake to
assimilate large quantities of contaminating matter and to con-
ceal almost every chemicel as well as biological evidence of the
presence of pollution. It is inevitable that the increased quantity
of sewage resulting from the increase in population above stated
will render the detection thereof in the lake a less difficult mat-
ter than during the period covered by Professor Sedgwick's re-
port. In addition to this, the interesting question presents itself,
whether or not by the continued pollution, vear after vear, the
lake immediatcly surrounding has lost a part of the remarkable
power which it was at that time shown to possess of assimi'ating
these impurities and making their detection difficult. T['ndoubt-
edly precipitation of the organic matter is a great feature of
this so-called assimilating power, and it has been well shown
that the continued sediwmentation of putrescible matter will in
time result in such large accumulations that thie actuai conditions
will assume those somewhat similar to a septic tank. In other
words, the arca will become a seat of fermentative changes. the

o~
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It being that the character of the surrounding water re\:eal(s:
e e‘ni' d a large part of the power to concegl sewag
B Cond’mons alrltut;itv was afforded to investigate with reffci—l
. 1()S:;) t;:;) 1;1:'1:;111211' !;oint, but the results hereinafter submitte
cnce 1 T

LR
ions with e to it.
contain interesting suggestions with referenc

e, giving
1n Mr. Leighton’s report a table follows the adb.ox eer_.e bt Stf_
- * o D '
lysis of a series of samples of water taken at di 10
ana f

» R l.nld E;}lelbul ne
tions al()]l tl]e SIIOI c QOthh (6] E 1E ur llngLOIl and aro
" S e

Bay Concerning these the author says: . indicate
: . 2 indica
“Although the results set forth 1m the above ‘.cabth erion
ERLA RS- .y ater 11 ¢ TICE
tnmistakably the polluted condition of the W atti, b1e no continu-
s X ore taken, there appears ;
in which the samples were © ’ : : e polluting
" Y yeneral logical trend as the distance from,thL : o 'Lsizz
r nor T : - : ermphs
1t;‘mt isbincreased or diminished. The results d\st(:er D ened
P al ount of scwage ma >
e fact that although a :arge am - tion of volatile colids
into the lake at Burlington the determmar;1 . \ on s
mto : ‘ ) S s leatly ‘his determinat s
leatiyv.
dees not sct forth the conditions © ept in those cases where
therefore, mworthy of confidence excePt lati 11 with them
€ : st . -elatively W .
5 nations agree 1€ ) :
. accompanying determi . show a
t:('f LWL o‘r" fhc camples, such as Nos. 10, 12, 13, ind [ta’e - ormal
: - of volatile solids considerably higher thatt
percentage Of VOIT™ hat the chlorine in those sam-
for the lake, and it will be noted tha the results of the
les is 1bndrma]1v high. On the other hanl(’ o t of volatile
ples 38 @Br T 1 . a normal amoun olat
ation i le 6 show a d
determination in samp ; . :oht be expected,
slolids with extraordinarily high chlorine. .:s mliﬂm e nable in
the chlorine determinations give the spect ¢ kr\e oreater majority
th:e investigation. It will be seen that by far t1e c considérablv
{ the qa;«.ples contained an amount of ch or.r;}e]irl ;lse ‘(h‘d;’l
o ‘h the normal. This can be due to 1o & = veral
higher 1227 ge. On the other hand, there were s¢¥ )
. Burlington sewage. . ich may be
the }31‘11 rz;ntainirg 2 normal amount of chlorine, which ;a‘mr
mrles ¢ i vy e e urer wate
sa 1[aincd by the statement that the dilution b}y) theél spirl o the
. . 3 1 s L
(;:Xgm the broad lake must be irregular 1n the 1a_,, S vsis of
1“;1\';ical conditions would indicate. The risut‘;izns o and
- : les of water taken at s B
several series of sampies © . lowin
south of the city are then given and finally, the {0 g
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CONCLUSIONS ©

’l'h? data show clearlv that the sewage of Burlington and
from Winooski River pollutes practically jche entire sthe from
Cok?hcster Point to Shelburne Bay and includes within the con-
tarmmatcd area the water intake of the Burlington citv supplv
I-.io.\\' muck more extensive the effect of pollutio; from t'hese. l\:fo
pomt.s may be, opportunity was not afforded to determine' Tﬁe
arca ncluded within the investigation is sufficiently lar\Te‘ to in-
dicate t.he general pollution of the water in this vici;itvL In
lc.omzectlon with the report on the early conditions of tl:lt.’, .Bur-
Ington water supplv menti i _
that evidence congzrﬁinge?}t].em;i(lli(:tjeriigzsf 68_'7 e e S'hown

' ‘ peTSis sewage matter in the
lal'ce 1s particularly elusive and that the best methods of identi-
fying the unfavorable effects of Burlington sewage dis‘posz;I \;'as
found to be in the improvement which was 5110\\:n in htlﬂe occur-
rence of intestinal diseases in the city. There has bee*;Ano gen-
61:211 mqui.ry with reference to the abnormal amount of’ sov»cgiIed
dlarrhuza in Burlington since the investigation made by Professor
Sedgwick. Nevertheless, the tvphoid records in that éit\‘ are ﬁot
such as to inspire confidence in the water supplv. A Vre ort o"f
the local board of health shows the following t\'[;hoici recé)rds:

Typhoid cases in Burlington, Vi., 1900—1004.

|

YEAR. Cases |
reported | Deaths.

— | H

1900, ..o j |
woon L[ B I
100D, - ‘ 22 3
1003, LTI e 19 | 3
19040 ................................................ “ 29 “ 2
.................................. | 31 ...

aTo November 25.

The rec
Y Ihe record of deaths from tvphoid in the vear 1904, up to
}mvcmbetr 25, was not available, and the report of the ﬁumbcr
of cases is probablv not correct. T,ocal officials state that many

S Y
v o *
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of the typhoid cases which have occurred during the year 1904
are not vet reported to the health officer, and that when the final
returns are made the number stated above will be increased ma-
terially. Compared with the earlier conditions stated in the ve-
port of Professor Sedgwick, the present death rate from typhoid
appears to be no greater, but, although the earlier morbidity
statistics are not available, it is generally admitted by those con-
versant with the tvphoid history of Burlington that the disease
is more prevalent than formerly. Dr. B. H. Stone, director of
the laboratory of hygiene at Burlington, has reported that 33 per
cent of the daily samples of Burlington water taken from the
aboratory tap during the month of November showed the pres-
ence of Bacillus coli communis. TFor each of these determina-
tions only 1 cubic centimeter of the water was subject to exaini-
nation.

Considering the results of the sample series stated in pre-
vious pages, the degree of prevalence of tvphoid fever in Bur-
lington, and the results of examinations made at the State labor-
atory, it appears to be unquestionable that the sewage of Bur-
lington and Winooski River is highly damaging to the lake n
that vicinitv. The area in which Bacillus coli communis was
identified is much larger than any comprised in any other in-
vestigations where specific examination was made for evidances
of poilution. Burlington is undoubtedly the source of the most
serious contamination occurring in the lake.”

The following from this report on algae in the water of the
lake will ke of interest to many who have noticed and wondered
at the abundant growth of plants of this sort during the latter
part of summer.

“The statement has repeatedly been made that, as a result of
the discharge of foreign material into Lake Chaniplain, there is
a super-abundance of algae of the offensive species. In fact,
this has been considered one of the main points of evidence mn
support of the charge that the lake is being damaged by muni-
cipal and industrial wastes. Therefore it was believed necessary
to give as much attention as possible to this phase of the ques-

20
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tion. It was impossible to undertake the refined series of ex-
periments necessary for a final opinion on this point, but suffi-
cient observations were made to permit certain generalizations.

Nearly all quiescent surface waters contain microscopic or-
ganisms in large numbers. The occurrence of these organisins
in such waters is as natural as the occurrence of fish. They
take their place in the flora and fauna of water life as inevitably
as o the water lily, the tadpole, the eel, or the brook trout. The
mere presence of algae in a water is certainly not evidence of
any unnatural feature. On the contrary, their absence would be
unique. Therefore the supposition that because of a superabund-
aut growth of algae along the shores of a iake there must he
polluting miaterial turned into the water is unfounded.

There are many varieties of algae. A sample of water from
almost any lake will reveal numerous kinds, Nevertheless, they
have a seasonal distribution. For example, a certain species may
be fourd in abundance in spring and in only small numbers in
summer or autumn; likewise, a different species may be scarce or
absent in spring but especially numerous in summer or fall.
Similarly, a certain kind of algae may be abundant during one
year, but scarce during the next vear or a cycle of years there-
after. These variations may be due to causes quite as natural
as those which bring about similar fluctuations in the potato,
corn, wheat, or cotton crops. ‘The fact that a certain trouble-
some algae appears along the shores of a lake during several sea-
sons in greater abundance than in former vears can by nc means
be attributed offhand to any change artificially made in the char-
acter of the water.

Some organisms thrive under certain conditions of water:
therefore the presence of such organisms in exceptional nuiumbers
may be taken as an indication of those conditions. On the othier
hand, the absence of these forms may in many cases be inter-
preted as an evidence of the nonexistence of those conditions,

Algae die out unless food material is present, and increase
in number as the food is increased. Organic matter, by its
oxidization, supplies carbon dioxide and nitrates, which are fa-

—ree
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vorite food for algae. Therefore, other things beingdeq:al\,Nz;rlll)Ir(-1
thing which would increase or decrease these Erol:c S
have a consequential effect upon the number of algae. N
Algae impart certain appearances, odors, am.c}E ta.s’tese Sti ) Oi-
water. Some of these features aredthe trest;teo; rl; deulc)tr:)cof ;heir
the organisms, while others are due to r.elation ol
death and decay. These odors and tastes ha.ve no lation to
any polluting material that might be place.d in the V\a?«.r,‘ .
:;Ichufoévloletry\%here that the organisms'ﬂ.ourlsh, wtn;t%le; cl(t)ﬂ];; ni:
the high mountain lake with no.susp1c1f>n of.a}-tl c1a. C
nation: or in a stagnant pond which receives c1t'y S(j,wage. .
A large portion of Mr. Leighton’s report 1s glve};1 to' adv o
sideration of the effect of the wastes from pulp mil s .11n s
conclusions as to these as well as the o?her matte;rsuu.:r;' ve
his study of the water of Lake Champlain ar.e as. ollow h e
“1. Soda-pulp waste from the Champlain ml'lls of t i} 1 -ey
York and Pennsylvania- Company, si‘tue}ted at Wﬂlsbo'ro, r.n dis._,
is not perceptible in Take Champlain beyond aerlaxn'nur n e
tance of 2,000 feet from the mouth of Bo.uquet .1?/er, r()l
that the sedimentation bed installed at Willshoro is use .R |

2. Sulphite-pulp waste from the mills of ‘.che J. & ].d og;:f
Company, situated at Ausable Forks, .L\. Y., 1sd ‘atppz::ze?r Oym1 e
ceptible in Lake Champlain for a considerable distance !

h of Ausable River. o .
m(mt;lg. The sewage of Burlington and Winoosjkt .Rweg '.1;1?,
serions damage to that part of Lake“ C‘hamplat‘r;l 1rr;{mleOr lz._or;l
surrounding. The inhabitants of Burlington are ‘drinkmg 1I:
their own cesspool.’

4. Soda waste from the mills of the Ticonderosa Pulp
znd Paper Companv, sitvated at T icogderog:‘a,‘N.w?;:ati;;se rz
high proportion of chiorine fo appear in the lake water.
is no real damage from this source. .

| = The water of the broad lake is of good quaht.y.

é. The sewage conditions as a whole are a gr1ow11ng .1\1‘eirr\;

ace, and if the lake is to be preserved as a water supply tae ent
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question should be studied from interstate and international
stan<inoints and the necessary safeguards provided.”

What is to be the future of Burlington’s water supply is at

present undecided. Since the above report was given there

have been numerous deliberations, several committees have been

appointed and have sought in vain for a satisfactory solution of

the difficulties which the case presents. The most likely solu-

tion, if one may venture any opinion upon so involved a matter,
appears to be the disposal of sewage in some way other than
running it into the lake and by securing J.ake Champlain from
pollution obtain from its naturally very pure water an ample and

wholly satisfactory supply. Meanwhile, the citizens of Burling-

tion who are wise, thoroughly boil the water supplied and re-
miain in as good health as at least the average people of similar
towns the country over.

Calling wells over fifty feet in depth, deep wells there are
in or near Burlington abont twenty-five, some of them several
hundreds of feet deep. In most of these the water is hard and iu
most of those drilled in the city west of Church street there is
a large content of magnesia so that the water cannot be used
for steam as it clogs the pipes.

For information concerning these and other deep wells in
the State I am much indebted to Messrs. J. P. Hoadley, M. O.
Snow and J. A. Willams, well drillers, all of whom have cour-
teously and fully answered all enquiries. Almost all of the deep
wells in this city go through the surface drift and enter the un-

- derlying rock, but there are some as at the Gas Companv’s yard,

which do not enter the rock at all, though very deep. 'The un-
derlying rock is in some cases Cambrian Red Sandrock, in others
Utica Shale. As is shown elsewhere, some very deep wells
have been drilled in the Utica without finding any water at all.

The drift is extremely variable in thickness even in locali-

ties not distant from each other, being ten times as thick in some

wells as in others. It will be instructive to notice in some detail

the character of the material passed through and other facts
concerning some of our deepest wells. Other similar facts are

- —
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pounds. The drill first passed through g8 feet of drift and then
40 feet of red sandstone.

Yet nearer the lake shore is a well of the Gas Company.
This well is 164 feet deep; it has a 6-inch tube and the water
rises four feet above the surface which is only 8 feet above the
lake. A constant flow of 20,000 gallons in twenty-four hours
is given by this well and the temperature is constant, being 42 F.
This well was first bored through 30 feet of peat, 40 feet of
clay, and 194 feet of gravelly hardpan, and does not enter the
rock.

During the past vear the Gas Company have completed a
second well not far from the first. This well is 194 feet deep
and goes into the sand rock 24 feet. In this the tube is 6 inches
as in most of the deep wells, though in some the bore is 8 inches
in diameter. In drilling this well there were found, first 65 feet
of peat and then clay, then 105 feet of sand and gravel and final-
ly, 24 feet of sandrock. This is also one of the few flowing wells
in this region or for that matter, in the State. The water rises 16
feet above the mouth of the well, which is said to be only 8-10
feet above the lake. Water flows 45,000 gallons a day and has
a uniform temperature of 45. Unlike most of our deep wells
this gives water that is not very hard. In the same neighbor-
hood, at the Whiting Brush Fiber factory, a well has recently
been drilled. This is 218 feet deep, 65 through drift, the rest
through rock. It is also moderately soft and also flowed 3-4
feet above the surface. It flows about 6,000 gallons a day.

About a mile north of the main part of town, on North
avenue, is a well 150 feet deep on the property of Mrs. A. B.
Kingsland. This water is reported very hard. Mr. Kingstand
‘writes: “In drilling this well they went through 20 or 25 feet
of soil, then 25 feet of red sandstone then through a layer of
sand, and then sandrock again. The drillers said that they never
before had the experience of finding sand between two strata
of rock.” Still farther north on the Barker place is a well 306
feet deep. In drilling this well several streams of water were
found as the boring went down, but none large enough till the

v
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deep wells as a more abundant and sure source of supply. Or-
dinary shallow wells are also common. I have data of some
twenty deep wells in this town. Some of these are as follows:
There is a deep well at Mr. 1. McNeils'. This is 250 feet in
depth, all but 60 feet in rock. Tt furnishes good, soft water at
the rate of 2 gallons a minute. Mr. R. G. Whalley has a well
235 feet deep, 104 of which is in rock. It furnishes soft water,
5 gallons per minute. Mr. H. J. Carpenter has a well 180 feet
deep. Of this 96 feet are in drift with much blue clay. The
rest is in limestone. This well was at first put down to 155 feet
and later 25 feet were added and the quantity of water was
thereby doubled, although not very large, less than 2 gallons a
minute,

The deepest well in this region is one put down by Mr.
Fzra Meech. This is 280 feet deep. In this the first 1go feet
pass through the drift, the remaining go feet found only shale.
Mr. William Brothers has a well the depth of which is 91
feet and all in gravel, no rock being found.

It is good soft water and flows 15 gallons per minute. There
are several others from 75-200 feet deep.

CorcresTeEr.  This town includes very different physical
conditions. In some parts the surface is level and sandy while
elsewhere it is hilly and there is much clay. There are some
springs in the latter part of the town, but water is mostlv
obtained from wells except in that part of the town which is
included in the village of Winooski where there is a public
supply.

Leaving out this village for the present, we find that the wells

are many of them shallow, but that there are also some deep
wells.

In the sandy portions of the town the shallow wells are
quite liable to become dry during a prolonged drought.
The principal deep wells are as follows: At Fort Ethan

Allen, a military reservation a mile square which is situated in

Colchester, there are four deep wells. The water in none of them
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by a corporation. The water was collected in two reservoirs, but
was not sufficient for the increased need of the large village. In
1905 the village bought the property of the Aqueduct Company
and in addition set about improving it and increasing the supply.
Two 8-inch wells were drilled and the water from these, raised
by compressed air, is taken to the reservoirs and with that from
three springs furnishes ample quantity for all ordinary uses.
One of these wells is 412 feet deep, the other 453 feet. This
latter was 206 feet in drift and 147 feet in rock. The other
was 199 feet in drift and 213 in rock. In both, water was
reached at about 100 feet. The Commissioners report as to the
quantity given by the wells, “From the best tests we have been
enabled to make, we feel warranted in saying that these wells
would furnish at least 75 gallons per minute each for ten or
twelve hours per day. This amount added to the natural flow
of the springs will give abundance for present demands. As to
the quality of the water we believe there is general satisfaction.
The greatest problem has not been solved; viz: power (for
pumping). So far the power used has been electricity. For
convenience and giving little trouble it cannot be excelled. But
there may be something cheaper; and if so we mean to have it.
From the figures of the Aqueduct Co. the committee repre-
sented that, after paying running expenses and interest on bonds,
there would be a gain of $1,500 a year, but as near as we can
figure the ordinary running expenses for the eight months, the
profit would be at the rate of over $2,000 per year.”

At the layge woolen mill near the Winooski river there is a
well 405 feet deep. The natural flow is twenty-one gallons a
minute, but when helped by a hot air engine it flows thirty-seven
gallons. 'This well is almost wholly in the red sandstone, on a
few feet of drift being gone through at the top. F. E. Thomp-
son has a well 161 feet deep which gives fifty gallons a minute
of soft water. The water is 50 feet deep in the well and is
pumped. In the village of Winooski there are some ordinary
wells, but the common supply is from the public system.

Essex. This town includes two villages, Essex Center and
the larger one Essex Junction. Of the latter Mr. W. C. Sawyer

. 2
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Sr. Grorce.  This is a very small town containing but few
families who are supplied from springs, or common shallow

wells.

SouTH BURLINTON.
In this town there are
shallow wells and some deep wells.
Burlington the underlying rock is a more or less siliceous lime-
stone, and some of the deep wells go into this. Mr. H. B.
Chittenden has on his farm a well 185 feet deep which is mostly
in the limestone. The first 35 feet are in drift, the rest in stone.
No water of any account was found in drilling until a depth ot
170 feet was reached and when the entire depth was reached
the water rose to within 15 feet of the surface and by the use
e gallons a minute are obtained. 'The ordinary

Is south and east of DBurlington.
some springs, some ordinary
In the eastern part of South

of a pump fiv
wells here are from 20 to 40 feet deep.

UxprruinLt. This town extends up on the west side of
Mt. Mansfield and as would be expected, springs abound every-

The rock is all crystalline or schistose and none of it

where.
ells are

coluble so that nearly all water is pure and good. W
not wholly wanting, but are rare. There is a public system
owned by a company which furnishes spring water from a small
reservoir to which it is piped from the springs. The water is

soft and good. See anaylsis in table.

Westrorp. This, like the preceding,isa town well furnished
with springs. The report says “Small springs without number.”
And of course, from these the families are abundantly supplied.

WiLristoN. There are numerous springs in this town,
but there are also many wells and some deep wells,

Winooskl. See under Colchester.

ESSEX COUNTY.

This county occupies the northeastern part of the
State. Much of its area is ouly sparsely inhabited
and there are no large towns. The surface is rugged, the rocks
mostly metamorphic and therefore insoluble. Most of the
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county is well supplied with springs which afford an abundance
of pure water. The county is bordered on its eastern side by
the Connecticut River. It is also watered by several streams
and contains many ponds, some of them of considerable size,
It is N‘fi)“r"gyfﬁve miles long from north to south and twenty-three
miles wide from east to west. There are nineteen townships in
the county. Wells are few and there do not appear to be any
deep wells. There are mineral springs, at two localities, Newark
which has a sulphur spring and Brunswick where there are six
in a group.
Broomrieip, This town is largely supplied by springs.

BricuTox. The principal village in this township is Island

Pond, which has a public supply coming mostly from springs,
though two dug wells and a number of driven wells are reported.
Nearly all families, however, get water from a system owned by
the Island Pond Water Company. The springs from which the
water is taken are on a mountain two miles from the village
and two hundred feet above it giving a pressure of go pounds.
There is a mineral spring in the town owned by Almon Smith.

The water contains iron, magnesia and sulphur, It issues from
slaty rock.

Brunswick. All the farms in this town are reported to
be supplied with spring water. 'The mineral springs have been
already mentioned. They “Are all large flowing springs.” The

water of each is somewhat different from that in the rest, but all
contain iron and sulphur.

CanaanN. This town has a public supply from springs
which are situated across the line in Canada, The water is
piped to a covered reservoir holding 22,000 gallons. See table
for analysis. ‘There are also some driven wells in the town.

Coxcorn.  “Very few wells in this vicinity. Water supplv
from running springs.” Some of these springs are quite large.
Cold spring supplies nearly twenty families, others eight or
less, i. e. three or four and many one or two. Mr. C. S. Hastings
writes of one of the Concord springs. “This is one of three

S~ —,
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the
springs within thirty rods of each other. Some years ago

i i 1 water
water was run through a five inch sluice and at times the

two inches deep. One of the other springs is quite .largel
WadS with the overflow of a third furnishes water for the r}a11lroa(
s i ird spring has an
ank at the North Concord depot. This thir ‘ h
:;llch and a quarter pipe running to a tub on the };;c?::(xivz;:nk ’ing
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many times in the spring the water O.VCI‘HOV.VS the curb g e
is fo high. There is very little difference at diiferer
y fOlilrs fifletthe gﬁow of this spring and its temperature varies
?ietif: from 47° F. in mid-summer or winter.”

Fasr Haven. This town is supplied by springs mainly, but
there are a few rather shallow wells.

Gransy. There is according to report, only one, wMe.lllIS 11?1
. i 1
this town. All are supplied by springs. Atel?ste\ilesfallv e
here are more wells, 3
the north part of Granby t
fourteen feet deep.

ndant
GuipHALL. There are here no wells, but abu

springs. 'There is a public supply from springs just over the
State line in New Hampshire.

“Nearly

every
LEumiNcroN. There are here few wells. 3

. 2
farm is supplied with spring water.

“ g in town owns a spring
JUNENTURG. “Nearly everyone
1argeI zr small.” There is a public supply from three large
springs, the water of which is piped to the village.

There are more wells in this town than in

S th e chief source of supply,

most parts of the county, these being th
though there are some Springs.

Springs alone are reported from this town.

The hills have abun-

NEWARK.

Vicrory. “Very hilly and rocky.
dance of good springs.”
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FRANKLIN COUNTY.

This is one of the counties

lying along the Cana-
dian border and on the west it is bordered by Lake
Champlain. The eastern side includes a portion of the Green
Mountains.

Hence there is much diversity in the

surface
features of the county.

Along the lake the land is often level,
though even here hills are by no means wholly absent.

The eastern part is very rugged and uneven. Springs are
everywhere abundant and wells are not numerous anywhere.
In area this county embraces about six hundred square miles.
It is about twenty-five miles from north to south and something
over thirty from east to west. There are but few ponds. The
northern part and the Lamoille runs through a portion of the

southern border. ‘These rivers with their tributaries water con-
siderable portions of the county.

There are fifteen towns in the county. At least five of these
are furnished by public supplies.

BakersrIELD.  The Bakersfield Aqueduct Company supply
water to this village of six hundred residents. Only one well is
reported as used in the place and this only for cattle. Outside
Mississquoi River crosses in a somewhat sinuous course the
the village “Fvery farm has its spring.” The public supply is
taken from springs.

BErksHIrE. Springs furnish most of the water used for

domestic purposes in this town, but there are a few wells.

ExosBURG. The town at large appears to be supplied with
water for domestic use, from springs most commonly, though a
few wells are used. FEnosburg Falls, which is the principal part
of the town so far as population and business goes, has two
systems. One pumps the water from the Mississquoi River and
carries it without any sort of purification to the various houscs
of its patrons. As a matter of course, this is liable at any time
to contamination and is always open to suspicion. The other
system is owned by the B. J. Kendall Company and takes its
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. i a minute. Ac
i Tt gives 2 gallons a muniie S
lt?wrl?edjs arotgher 8 inch well which 1s 435 feetf dfeii. - rOCkg s
‘ r ~0 feet and 355 1eet, .
clay and gravel for 70 ‘ ot
t}froug; f'a]ions abminute. Another deep well m Pf‘a;t 2 o
e
tg‘rlnzecs‘remt;]erv "This is 117 feet deep. The:rst zoqiﬂder ¢
: ora 1 ck for the remair s
avel. then comes a slate roc e el
alndtlfra\lilhas about the same capacity as that of the two p
depth.
ing. . . .
T AIRFIELD. There 18 a pubhc-suppl)
also numerous private springs on farms.

here from springs and

vl k f no one
reypek. There are no well.s here.’ 1 Lnoxz oAnOther
whoI;L:;Ta well, all are supplied with spr;?g wx:;lli:é il
: ndent, however, reports some w‘e s. g A
Cfor:ejgfo and’;rive rather hard water. Springs are y
ff)cr fhe Asuppl}' of drinking water. Cews
There is a public supply owned b). T. . .Oft
spring. The water 1s soit.
every farmer in this section
and barn.”

FRANKLIN. ple
Webster. This comes from a 1arge
hster. ‘ 2 ’
One correspondent writes— Nearly |
has springs and running water to house .
In this town, so far as can be ascertainec
n m, s

mostly from the western part of the
B Springs are

GEORGL:.
reports, which have c?me
township, the water irom
also used and the railroad tanks a

wells is mainly used. e
t Fast Georgia are supplied

R lls are in use here. There
Both springs and wells are

A< limestone abounds in this reglon
In the western part of High-

HIGHGATE. ‘
are several sulphur springs.
all water 1s more or less hard.

ate no S 1€ g te ring N B t
1 l ! o SO qp o th f T
Sp 1 S, are ne rings a (e]
wn as \_h a &
g &

21
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marny ye ici

e y years have been used medicinally and the hotel near therm

been ’

e a popular summer resort. The water shows the fol
1 o R o 5 » )
wing parts in I1,000,000.

Sodium chloride

Sodium sulphate . .............. o
Sodium carbonate .............. . . Ny
Calcium carbonate. .. ... ... .. . o
Magnesia carbonate . .. ......... o
Potash and boracic acid.............. t.raiz'

Mo~rtcomERY. Although “There are any amount of

S r' bRd

tlll)i;rgjceon gll :}}:e farms,” yet wells are considerably used in

. . n the average they are 20 feet d |

is hard. 'The wells a , ' . e i
S appear to be mostly in the vi i

f ‘ : . stly e village while the

arms outside are supplied with running water from springs

'O‘V'l(‘rOl\IERY (:E TER t]lere 1sa s 1 AN 1C 1 1)1} the water
N
At IK\I ma 1 1b1 sSup

This water is pi : i
175 feet above the village. o el o a reservolr

Ricaror i '
Vil 0 D. The}'e is here a public system owned by the
" a;, 0.p ¢ water is taken from mountain springs and i)ipe(l
en reservoir which ha i
to ar s a capacity of 70,000 gall
o ' ) 000 gallons. It
bi enough above the village to give a pressure of 142
ounds, Se ¢ i
P Sce table for analysis. There are a few wells in use

taker??ril:B‘?;i'facTehf:;Ztiesr as}?:(‘;lijcf S‘?pplly h1ere e e being

: welv

(r)lfecotrelj ;:1 ntc\itc;dre;slenrl\if(c));rs, (1)1ne built1 from aV i)o]r?(?cgfti 2(:22):3?\:
: \ ' gallons and the other, roir

E\an:lr:iisa Szzpa;;cll};i ofTE: hundred. ;re1d0 ﬁ‘?tr_{' C:w:iﬁfc::; rb:zlelgnosl.l::

snal; . se resery i i

;1;)1; Itée:lf_ ther‘e is a re.servoir wh‘iS}I:Sis agieI;iuri?:foiéetIZbgijz

-ake Champlain and gives a pressure of three hundred pounds

in th
e lower part of town. There is one deep well at the

Frankli i
nklin County Creamery. 'This is 177 feet in depth. It goes

Elilsrougg 10 ffeet of drift, then in the Utica shale. The water
es fifteen feet above the top of )

the w.
thousand gallons per hour. 1 e well and flows about three

. «
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Another deep well is on the property of the C. V. R R,
This is 350 feet deep. The bore is 8§ inches. The first 50 feet
are through gravel, then Utica shale. The flow is 30 gallons per

minute.

Sarrpox. Mr. J. T. Shepley of Sheldon Springs writes—
“We use drinking water from a spring on the highway from St.
Albans. We also pump water from the Mississquoi at our
works and after being filtered it is taken to tenements.” There
is here a large mineral spring. The Mississquoi spring. The
water of this is not only used at the spring, but bottled and ship-
ped. The spring flows three hundred gallons daily. This water
contains an unusual variety of materials as the following analysis

shows.

Analysis of Mississquol Spring water.

Total solids ........ 224.8 Loss on ignition............ 30.4

Fixed solids........ 185.4

Sodium chloride.... .38 Calcium chloride . .......... 2.12
Magnesium chloride. 60 Sodium sulphate........... 6.52
Calcium sulphate.... 12.00 Aluminum sulphate . ....... 2.70
Magnesium sulphate. 5.51 Sodium phosphate . ........ 0.08
Sodium bicarbonate . 10.16 Potassium bicarbonate. .. ... 4.11
Calcium bicarbonate .126.62 Magnesium bicarbonate . ...72.19
Manganous bicarbonate 1.40 Ferrous bicarbonate....... 3.03
Silicic acid.......... 15.25 Crenic and Apocrenic acids trace
Titanic acid ........ trace AMMONIA  «.vvvnvrvoneenns 0.08

Swantox. The public supply is owned by the village. The
water comes from the Mississquoi River and there is no filtra-
tion. There is no reservoir. By the pumps an ordinary pres-
sure of forty pounds is obtained but this can be doubled if
necessary. ‘The water is soft and better than would be expected
from such a source, but it must always be liable to serious comn-
tamination.

Outside of the village springs are used some of which give
hard and some soft water.
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. GRAND ISLE COUNTY.
- h1s. iount_\' has a peculiar topography as it is composed
ree 1slands and a peninsula i P :
ree n Lake Champlain, I
> . . Its total
ﬁveea;;fl]lv‘fn as only eighty-two square miles and it includes but
owns. Naturally, the surface i i
thoan g vns. v, € 1s much less irregular
y other part of the State and j
elevation that is more th 4 cighty Tt dbone
s an two hundred and eigh
the lake and very f i ot e anove
y tew are as high as this, me
: , most of the surf
beglgloply a few feet above the water of the lake. The r(a)lzli
underlying the surface soil is i i .
all either 1
more commonly the Utica shale. estone or shale,
e lFroxtn 1the char;cter of this region it follows that manv farms
ocated near the lake and can readil v
: | ' y get water by wind-
mill pumps and this method is commonly used Wells Zu"e also
c i : .
V;)ar?;lo?v[on farms which are too far from the shore to take lake
N th.er‘ zst of these are ordinary comparatively shallow wells
e € are a number of deep wells as will be seen from the fol-,
o g;egorts. In some parts of Grand Isle it has been found
;f thessa is acto—ry to dig very large, but not very deep wells. Some
t]»Ie dr.fet are 13-23 feet in diameter and 12-20 feet deep. Where
e 10 is deep, the wells.are wholly in this deposit, but usually
Wa%ergis into the shale of limestone. In most cases the well
very hard.. Springs would not be expected in such a

region and v i
g vet there are quite a number. Cisterns are used by
a number of the residents. ]

ALBURG. i i i
are ymus Gdeeg‘he lrlockhm this town is wholly shale and there
 sey wells that have been drilled it hi
water is alwavs hard and not i s o The
. . ot infrequently contain
vater 4 3 s sulphur and
% rl%mn::l]-a:}l] quimpt}. :II:he deepest well is that of thepRutland
. R e station. This is 303 feet dee
\ : L 3 p. The first 36 feet
zf‘et}in drflft, the rest is in the shale. Water rises to with?n two
or Zee eet of thf': surface. There is a flow of sixtv gallons per
nuAe. Other drilled wells are from 20-140 feet dée y g
t ALBURG SPRINGS there are minera] .

used by many. waters which are

Like the water at Highgate Springs, this is

charged with sulphuretted hydrogen. An analysis is as follows:
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Water from Alburg Spring. Parts in one million.

Sodium chloride. .. .. 140. Sodium sulphate .............. 24.
Sodium carbonate. ..230. Calcium carbonate ............. 36.
Potash and Boracic acid. .. .traces.

Magnesia carbonate.. 22.

Iste La Morre. There are very few springs on this island
and almost everyone has a shallow well. All of them, so far
as I could ascertain by inquiry, g0 through the drift at least to
the top of the limestone ledge below, but not usually into it. The
usual depth is not more than 15 to at most 20 feet. As in all
limestone regions, the water is hard. The island is underlaid
by Chazy and Trenton with a very small amount of Black River
and a smaller area, along the extreme eastern edge, of Utica

shale.

Norte Hrro. This peculiarly long, narrow and irregulat
body of land is wholly underlaid by Utica shale. There are a
few springs which are used. but where water cannot convenient-
ly be obtained from the lake. wells are the source of supply.
These are ordinary shallow wells except one at the creamery
where the shale has been entered to a depth of 120 feet and a

good flow of water obtained.

Graxp Iste. This town occupies the northern part of the
island of the same name. The northern half, approximately, is
Utica shale, but the southern part is largely Trenton, with
patches of Chazy and Black River and, on the east Utica. The
Trenton has been elevated so that it forms quite a ridge which
in places is eighty or a hundred feet above the lake level. Most
of the springs on-the Island are in this ridge. But the main
supply from which water is taken. aside from the lake, is the
common and deep wells. At the creamery at Pearl, a post
office in the town, several springs are used. The water flows
into a small reservoir and from here it is pumped to the building
where it is used for creamery purposes.

Sourr Hrro. 'This town includes the southern half of the
island. The western part is mostly Trenton with patches of
Chazy, Black River and a little Beekmantown. The eastern
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part is all of it Utica. The Trent .
continued . on ridge mentione :
few Springihrgi:ég}:hthls part of the Island and in itdaarlzozznis
. hpo“rtio‘n (ft water supply is much the same as in the
clsewhere in th of the Island. Some of the wells here :
always useful. % hceoilnty, are dry in summer, but many ail_i
e b the om 1:al.rge wells mentioned previously are mor
nstance, on the B :;. er ones unless these latter are deep Fo‘e
e ] fOLuet Landon farm there is a well sixtee.n feel;;
throngh the dfiest irteen feet d_bep which has watered fifty cattle
thisa shallow bast season. This well goes to the limestone and i 7
bored, forty—t;vo Y}Was blasted out. On the Dubuc farm is a w gl
Todine Spring 1 eet deep 'and this is never dry. Near :h’
sulphuretted I:Vdrguse there is a spring which is charged W'tfl
among other thi bgen and the water is reputed to contain i .
ings, but I cannot get any analysis in iodine

LAMOILLE COUNTY.

This county has the same vari

__This county s aried topography that i
in most cl)aughs tii this State. Along the Lamoille Rive: i;:l:zg
runs through the courflty fron? east to west there is level inte
e Greenw;lqy rom this there are hills and mountains X
B Rt the oun;aln range, including the northern end. of
Mansfeld, the hi%yei; ;)rail:r(i;een Mountains are in this county.
ecause of ) e region abounds in spri
e e Fh]?t come from them. There are alsoprrlmgs -

pecially in the eastern part of the county e

The rocks of Lamoille co
e : _ unty are mostl 7 i
twentyorszl"lflecn a;?l the.refore insoluble in water. '12’ he Ccro}s:il]mii
prenty sev Widtheas (;n lenglth from north to south and agou;
e same In » n .contams about four hundred square mil
n towns included in the county. Several of ntl}llgsst;

have public suppli

ipplies of water and m
: . o) . .
spring water for their needs st are able to get sufficient

BELVIDERE. ©
RE. “Most of the water supply of this town i
is

from spri 7hi
prings which are generally considered good.” Th i
. ere is

v
(8
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little possibility of contamination in this sparsely settled region.
There are a few wells in this town.

C AMBRIDGE. There is a village supply which comes
springs in that part of Cambridge which is in the village of JEF-
FERSONVILLE and here so far as 1 could learn there are no wells
in use. In Cambridge proper; there are a few driven wells but
nearly every family is supplied with spring water. There are a
few comimont shallow wells. There is also in this part of the
town a small public supply from springs. In that part of
Cambridge called PLEASANT VALLEY there appears to be more
wells in use than clsewhere. All the water is soft and good.

Epex. While both wells and springs are used in this town
t springs are far more frequently used.

d in the drift, the water being found
ter being found

from

the residents say tha
What wells there are €n
in gravel. They are from 12-50 feet deep, Wa
at from 10-16 feet. '

FLMORE. Springs are mainly, the source of supply here,
though there are some wells. Families in East Elmore are sup-

plied with water from a large spring owned by C. S. Budgett.

Hypr PaRK. This is one of the most important towns of
the county. The main village 18 provided with its water by 2
public supply which takes water from springs in the neighbor-
hood, owned by Hon. C. S. Page. This supplies the larger
part of the village, but there arc other smaller supplies. In the
Page system, the water of two large springs is pumped into a
is piped over the town. Outside of the

reservoir whence it
d a few wells.

village the water comes from springs an

There are several systems in this town, but most

JorNSON.
of the residents take water from that owned by the town. This

{akes water from a mountain brook fed by near springs SO that
it is practically spring water. For quality see table of analysis.
The water is taken from the brook to the village and what is
not needed for ordinary uses is carried to a reservoir where it
ig stored to be used for fire purposes. There are a few wells in

town.
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MoORRISVILLE., T} .
. .LE. here 1s here a sy
which like t . system owned by the vi
aeed springs hfe preced.mg, takes the water of a moti,ntainvtl)uage
and tl gs, from which the water is piped to covered rO'Ok
d thence to the village. See analysis in tabl cred reservons
analy e.

\lIORR[bl W S 18 §hl (0] W & I'T ville
OWN. Thl S the towns p f thh MO 1S 11

1S the most il‘n 3
b portant pal‘t. ()HtS'(le ()f lh V ag W
| 1 e 111 be, ellS appear

SIOWL- RN lat(’e D P
& S Illlg flIIllSheS a Slllall lel)hC su pr

herf.. g . y
he v 1] € owns tlle svstem FOI‘ quallt see table
I la .

Those not usi :

) using this water fo

. r the mo :
springs, but a few use wells * part use their own

WATERVILLE.  Spri

. : LE. oprings and wells ar )

spr e both used .
prings. There are three small public systems , but mostly

many get water. from which

Wor.corr.

. o .
SPIII gs are most LOlIlIIl()rll\ USCd m thlS [)Ia(‘,e,

1 S Se(l l ter 1 1aily cCome rom
bllt some we l are alSO us . he wa
18U H 1mes f 0

ORANGE COUNTY.

This county i i

’ v includes in its w i

Green : -s western portion a part

e h .ountafn range and is therefore rough I(; i o th‘e
ull of springs. The i gh and [rreguar

T and ndeed eastern portion, however, is less rug-

B borde(;- ,.t hthe most mountainous part is confined to tﬁe

' , the more level, or rath

e mor ) er less uneven part -

COgu me ies otfh tche area of the county than the rougher I;;art CO;‘e}:
3 irtv-four miles from east to west and twent'\ i het

v-eig

\Vl(le EI()III IlOltll Q SOthh, an y
d COIltalllS S1X hlllldled aIld ﬁft

On the east is the Connectic i
e e ¢ ut River and sever
srean Sse P:)r\l “cclklerL{%h d1fterer.1t parts of its area. Thea lprsinr:?iuzrl
o s are. ae1 rlels. Waits, Ompompanoosuc, a branch pof
the Win pondsn( {«;\O branches of the White River. There are
put few n . 1e most e*tensive rock is the Washi
e. he Bradford schist is also (uite o

there are granite deposits and slaty beds extensive and

These beds according

e e

'
-~
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to Dr. Richardson, are mainly Lower Trenton. The county

contains seventeen towns.

For a full account of the geology of this county se€ Third
Report pp- 61-101. These beds according to Dr. Richardson,
are mainly lower Trenton. The county contains seventeen

towns.

BRADFORD. Bradford village is supplied by a public system
concerning which Mr. E. M. Everett writes “The water supply
is derived from a series of springs forming two brooks which
join and the water is piped to 2 reservoir near the village and
high enough, two hundred and fifty feet, to give a pressure of
one hundred pounds. This supplies a large part of the people
with water for domestic use and other purposes. For analysis
see table. 1n addition to this public supply, there are many
s, especially those outside of the village, which have their

familie
ngs or wells, mainly the former as wells

own supply from spri
are not numerous.
Driven wells are common in this town, al-

DBRAINTREE.
{ not in most of the

though some springs are in use. In some 1
driven wells the water apparently comes from an adjacent
stream. a branch of the White River. gtill the wells are not
all alike as in some the water 1s soft, while it is hard in others.
PBrOOKFIELD. Mr. J. W. Parmenter writes:  “The water
supply here is almost entirely from small springs furnishing
water to single farms. There is hardly a well in use in this
locality. There are no large springs that would be sufficient for
Ar. Alden Boyce writes of Fast Brookfield :
farm in this town but has one or more
le have running water

2 water svstem.”
«“Phere is scarcely a
springs on it. Therefore most of the peop
from springs.”

This town has no public supply, the people get-
ting their household water from wells and springs, the former

being most commonly used. Cisterns are also used to some €X-
quite hard, so that for laundry

CHFELSEA

tent. hecause the well water is
purposes it cannot well be used.
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CorINTH. “The surface of this town is broken into hill
and valley, therefore farmers largely have abandoned the ordi-
nary wells of the earlier inhabitants and bring water for house
and barn from the spring which issues from the hillside. These
springs are mostly small. But there is one, the Darling Spring
which has the dimension of a small brook issuing from a cleft
in a ledge at the foot of a hill.” C. T. SARGENT.

Wells are also used by a not inconsiderable number of
residents.

Mr. C. L. Speare writes of Corinth and West Corinth:
“There are very few springs in this section. Nearly all wells
are what [ call drainage wells, that is, wells into which the water
filters from the top of a sort of hardpan which is stuck in this
section from three to ten feet, but at Corinth Center the wells
are from 25 to 40 feet deep and a few considerably deeper, one
being g6 feet deep. All are dug and stoned up, no driven wells
nearer than Chelsea and none bored. T have dug quite a num-
ber and simply dig till we get water enough and are tired of
digging in the hard pan. 1 have never dug through it and do

not know its depth. At Corinth and Corinth Center there is
quicksand.”

FarLer. There are in this town springs, dug wells and
driven wells. Mr. C. F. Thourber writes: “The main water
supply is brought from a brook. There are not many wells in
town.” Mr. G. W. Comstock writes of West Fairlee: “There
are no wells or pumps used in this part of town. Our water is
furnished by flowing springs.”

NEWBURY. Water is obtained here from both wells and
springs. The relative number of these varies in different parts
of the town. Mr. N. B, Tewksbury writes of Newbury Center:
“There are very few wells in this part of town and those that
there are the people use only in warm weather,” Mr. J. B. Tyler
says of West Newbury: “The people here are mostly supplied
by springs.”

OraNGE. In this town “but few people get their supply
from wells. As far as I know most get water from springs that

.

1
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come out on top of the ground. There are some large springs
\ dry aip in a
i d and that seldom dry
that boil up out of the groun v : pins
drouth. but the smaller springs often dry up imn a dry time
b

Mr. E. G. PEAKE

RaxporpH. There are in the various parts of this tow1111
: | sma
South Randolph, Randolph Center, FEast Randolph, mar‘lyq‘ tn;m
:prinqc and some of considerable volume. Some are constant,
¢ in C ture. ‘
both in tflow and tempera . - .
In the village of Randolph there 1s a pubhc' suppl(}ir WET:H
takes the water of twenty springs located two miles an f:1 11 :
> - - . -
from the village. The water is filtered and d1str1buti_d rom )
ro . "
million callon reservoir situated two hundre(;l anldﬁ or;t)z)fundﬁ
o ivi f a hundred and five 5.
i town, giving a pressure of a hul ]
e The water is ordinarily taken not tromkthe
. i beine kept
reservoir, hut directly from the springs, thg reservy 0}111 tbe;ll:::d 8;;
inl V The water is somewha , 85,
up mainly for fire purposes. ' oY
'f‘plt is considered good. There are some wells in town whi
M 3 S cd g

vary from 8-20 feet in depth.

Analysis see table.

STRAFFORD., Springs appear to be almost the only supply in
. bR
this town as “Springs are found on every farm,

About the same conditions exist here

3 TRAFFORD.
o spring water is mostly used, but there
f=]

as in Strafford, that is,
are a few wells.

i are used here and, so

uerrown. Both springs and wells ed here and, &0

far as can be discovered from the reports receiv “,Tl bout

eaual. numbers.  Still Mr. W. S. Combs erte.si . 1eunv: “

subply is mostly from wells, the water of wh1£c1 1;,l rrll)ilv I.)up’

y ings ich are used for v sup-

though there are a few spr1ng5'wh1c T el be
ply.” ‘'The water of the wells is hard. a

found by digging 10-20 feet below the surfa.ce. .

In that past of Thetford called Post Mills, there is a spring

strongly impregnated with iron.

small public svstems
In NorTH THETFORD there are two P
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ssf'nec-l by the Union Water Company and The North Thetford
. ater Company. They supply twelve or fifteen families each
here are a few drilled wells in the town. .

e Topsmay. Ordinarily, springs are used in this town, but
¢ are some wells. These latter are quite shallow. '

Tuxpripce. B i i
NBRIDGE. Both in Tunbri i
there 1 e | bridge 'and South Tunbridge
o ap ul supply of good spring water coming from
- M 7 ! 2
imerous small springs. Very few wells are in :se and the
are no deep wells., o
VERs inki
ERSHIRE. The drinking water here is mostly obtained

from wells which av
. erage about 15 f i
is considered soft. 5 teet in depth. The water

town\\ ;}IS‘I{INGTON. Both springs and wells are used in this
. 1. 1ere are about as many of one as of the other. There
15 also one private system in town. This is owned by G. E

Huntington and w i
rater is taken fror .
families. m a large spring to 15-20

Weins River.  This village is a part of the town of Jew-
?)u'ry and might well have been considered under that town- but
it 1s usually regarded as a place by itself and therefore it ,is SO
treated here. There is a public supply furnished with w t>
pumped from Wells River into a reservoir two hundred and
twenty feet above the town, ol
distributed through the ‘village.
and numerous springs,

The river water is filtered and
There are a few wells reported

‘ WEsT FARLEE. “Nearly every one here owns his own
springs and has the best of water.” E. P. Grorer

WirLiaas ;
o Hr IA},.?TOWN. Th.ere are here abundant springs which
pply the residents of this town with good water

S
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ORLEANS COUNTY.

The second county from the eastern border of the State in the
northern tier along the Canada line s Orleans. It is
thirty-three miles from north to south and thirty from east to
west. [t contains eighteen towns.

The surface is most of it very rugged and in parts moun-
tainous. Perhaps no connty in the state is more irregular in its
surface features than this. The rocks are mostly metamorphic
or granitic, and therefore do-not materially affect the water.
The larger streams are the Missisquoi, Barton, Black, Clyde,
and Lamoille rivers. The county lies largely between the east-
ern and western ranges of the Green Mountains and many of
the peaks and foot hills of these ranges are wholly within its
limits. Beside the southern end of Memphremagog, which ex-
tends from Canada eight miles into Orleans county, there are
numerous lakes and ponds, some of which are not inconsider-
able in size, and are well known as popular resorts as W illough-
by, Caspian, Seymour, Echo, etc. Twelve of the towns have
within their borders ponds of a size sufficient to provide a water

supply if it were needed. But no such supply is called for since
the whole county, as would be expected from its topography,
is amply furnished with springs which supply running water
and purer than most ponds contain. As will be seen in the fol-
lowing reports, nearly all the towns in this county can get spring
water. The well-nigh universal reply to inquiries as to the sup-
ply of water suitable for domestic purposes was, “Few wells and

many springs in this town.”

Arsany. Water here is largely from springs, hut there
are a few wells though of no great depth. The water in both
wells and springs varies, being hard in some cases and soft in
others. Here as elsewhere, the well water is more often hard
and the spring water soft. In digging wells water is most com-
monly found in a layer of sand. There is a public supply owned
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by the Albany Water Company which takes water from a group
of springs.

Barron.  Almost the only source of drinking water here is
springs. Some of the best springs flow out of granite rock and
the water is regarded as very fine. It is soft, cold and pure. A
correspondent writes that he knows of only three wells in town.
There is a village supplv which uses the water of a mountain
brook. The water is filtered and stored in a reservoir holding
a million gallons. It is high enough to give a pressure of a
hundred and fifty pounds. Bartron LANDING also has a public
supply which comes from springs and is piped to a reservoir

holding thirty thousand gallons. There is here a pressure of
forty pounds.

Browwiveron.,  This town is supplied by springs and wells
in apparently about equal number. Mr. C. A. H. Gardyne
writes: “Brownington as a whole is principally an upland plat-
eau with a number of flat cedar swamps of from twenty to a
hundred acres. There are no large streams flowing through the
town, but it is well watered by small brooks. On some of the
higher ridges there are not many springs, but generally spring
water can be had for farm buildings. This water is generally
soft. Water in wells is found at from 10 to 20 feet and is
good but hard, and forms lime scales in kettles. The springs
arc mostly rather small. The valley of the Willoughby River

abounds in fine surface springs, but the location of many pre-
vents their utilization.”

CuarLeston. This is a long, narrow township with a vil-
lage at each end known as East and West Charleston. Springs
abound in both. In WEesr CHARLESTON there are a number of
wells, though the greater number of families use spring water. In
East CHARLESTON, only one well is reported. There are several
ponds in this town and the Clyde River runs through Pension
Pond to Salem Pond in Derbyv and on through this into Mem-
phremagog.

ol ey ed e o N .
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many parts of the countv, and there is consid

derable woodland.
Caspian Lake, Elligo Pond, Long Pond and other smaller bodies

of water are in this town. Wells are common and water is
pumped by windmills from some of the ponds.  Springs are also
common and are much nsed.

Hovraxp.,  Springs appear to be the main source of water
supply here,

IRASBURG.  Water in this town is obtained from wells,
springs, and in some cases, cisterns. Springs, it is said, furnish
most of the water used for domestic purpcses,

This water is
usually soft.

Yav. This is a mountainous town and ¢prings abound, hut
wells are somewhat wused.

The water from the springs is re-
ported soft and clear.

Lowrrr. This town is nearly surrounded by mountains

and from these abundant spring water flows. Still there are

some wells from 26 10 30 feet deep. The water in different wells
appears to vary in qualitv. For example Mr. G. W. Crafts says:
“We have two wells about six rods distant and the water in one
is soft and in the other hard. Each is twenty-five feet deep.”

MorcaN. This town is reported as hav

ing springs every-
where and very few wells,

NEWPORT. There are two public supplies in Newport. The
Newport Water Company, owned by the village, takes water
from Derby Pond a mile east of Derby Center. The water
flows irom the pond to a reservoir holding a million gallons.
The water is hard. For analysis see table. The other svstem,
owned by the Raymond Water Company, takes its supply from
a spring and the water is piped to a covered reservoir holding
a hundred thousand gallons.

Trov. This village and also NorTH TrOY are supplied by
public systems taking water from a mountain stream in one

tase and from springs in the other. The water ic said to be
soft and pure.

- ., ‘ SN SRS S —
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Naturally, these various sorts of rocks affect the character
of the water and in general the water supply.

Benson. This is one of the two towns in Rutland County
that has T.ake Champlain on its western border, and like all

lake towns, it gets all the water that it can conveniently directly
from the lalke,

The rock in this town is Ordovician limestone and shale and
the character of the country is such as to preclude the abundance
of springs found-in so many parts of the State.
of the rock makes all water har
as to he objectionable.

The character
d and in some cases so much so

Where water cannot be taken from Lake Champlain it is
generally taken from wells. These are many of them drilled

into the underlying rock and vary in depth from fiftv to a
hundred and fifty feet.

In a few cases the water in these wells rises to the sur-

face and even flows over, but it does not in any ¢

ase rise much
above the surface.

Braxpon.  Water is obtained here from various
but the main supply, the town system, is brought from a pond
called Fern Lake which is some six miles north of the main
village and 165 feet above it so that water readily flows from the
lake to the town. Fern Lake is fed by springs which bubble up in
it and to some extent by brooks. The lake itself is the only
reservoir.  Its surroundings are said to be good, but the north
end is marshy and there is complaint that in summer the water
has a strong vegetable taste and odor.

sources,

About three hundred familics are supplie

d with this water
and some motors. For analysis see table,

Otter Creek flows through th
to some extent.
donlestic purposes.

is town and its water is used
Probably this water is not much used for

Analysis of Otter Creek water at this point is as follows:

A L N —
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18 e 018
ids..oovvnnn 935.20 Free ammonia ... ...
'II;cO)Zil OZOIiIgrSlition ..... 32.00 Albuminoid Ammoma ..... ... 112?;
Fixed solids........ 63.20 Chlorine ........ocoveoeon .
...... 62. v '
Hardzze;;;' .\.vells are still used in Brandon. The water is very
hard.

i i town

At ForestpaLE, a small village in the east part of the
the water is mostly obtained from wells. ' ) e
CastrLeErox. Wells of various sorts, drilled, ug,1 used,
- a i i SO .

i in this town. Springs are a
shallow are in use 1n po
(Lejlpythe water is hard. Wells are more used than spring

There is a public supply in this village

CENTER RUTLAND. d by the Vermont

i vhich is owne
derived from a large spring which is ov

Maﬂ')ll‘eheczg‘lijj:y.is walled and covered and there is a small

v rater is soft
reservoir a hundred feet above the towmn. The wate
nd is considered good. . .
’ CHITTENDEN. Springs abound in this town and are uni .rere
& N . N ar
sally used. A very few wells are also used. The tsnggrslever
not ‘onlv verv abundant, but are reported as constant a
failing.
(;ngRE\'DO\' “This place is in the valley of t]ge %)t;er an}?atshz
re locate f the vallev. Each farm
cated on each slope 0 . : '
o rom springs on higher slopes.” A few wglls
The Post Master of Fast Clarendon writes
All water is obtained from

supply of water f
are also in use. '
“There are no wells in my delivery.
s | |
3;pm;lc’kslrendon is somewhat of a rc?sort on a}clcotlmsttoi;tz rrtmn?\r/[a;l.
spring analysis of which was given 1n t'e‘ta “Thi “,:ater -
Riobe?t Murrav the manager of the hotel writes e ol
naturally carbonated. mildly aperient .contennmgv1 %lSht aicgunt pal
mineral ingredient lime and magnesia salts.,t W I:l;cdidnal .
its alkaline character and to a g.reat extent 1ts ! proper
ties. The Company controls tour ey or
<ize and one large. The large spring has s

b2
thirtvy million gallons a year.

springs. three
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Daxsy. Mr. E. J. Rood writes of this town: “With the
mountains rising abruptly on two sides the majority of our in-
habitants living in the Creek valley we are blessed with an
abundance of springs. almost too many. At the present time
(March 1903), the village is supplied with water from a

single
spring located two miles back on the mountain. There are a
few families, however, who have not the town water but get it

from wells in their cellar or near the house. One can dig down

almost anywhere here and strike water which has more or less
current.”

Fair Havex.,  There is a public supply here obtained from
Inman Pond a body of water some three miles north of the town
and a hundred and ninety feet higher. The pond is eighty acres
in extent and surrounded by forest and pasture. The water is

piped directly to the village with no reservoir. It is rather hard,
but otherwise is good.

HueparptoN.  Water from springs and wells is mostly
used in this town, but that from streams and cisterns is also
used to some extent. All water in this region appears to be
soft, or at least not very hard. The northern part of Lake
Bomoseen is in this town and water from this source is used
by some. Mr. H. AL Redfield writes “Hubbardton is well
watered by springs, streams, lake and ponds. The quality of
the water varies. Springs within twenty rods of each other will
often he one soft and the other hard. A portion of the soil is
clay, a large portion slaty, a portion sandy loam. 'The surface
is all hills and vallevs.” TIn HorrToxvirLe which is in the town,
there are some deep drilled wells from which water is pumped
by windmill. This water is sometimes alkaline. Mr. D. P.
Narramore writes, “I have a well that I dug several vears ago.
It is on nearly the highest ground between I.akes Hortonia and
Hortonville. T should judge about seventy five feet above the
Lake Hortonia and the land slopes all around the well and it
has never failed to give all the water T needed.” Mr. C. M.
Morgan has a well on this same ridge and several feet higher.

32
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. . . - town
Ira. There are many large springs in the hlllsdof this o
e 1 ells ig hirty feet deep are
i cer fail. Wells from eight to thirt)
which never iail. ' v N
somewhat used, but springs supply most of the o
Mexpox. It is said that there are no wells n ftns . thé
MENDON. ' : .
but that the numerous springs furnish ample water b(;r. oty
eds of the residents. As will be seen later, the public supp
ne . : |
of Rutland is taken from brooks in this town. o
i son -
N «Gs. Wells are used here to
MIDDLETOWN SPRINGS. . ' e e
tent, but springs much more. The Montvert SprmgsT(lio “I,)ate}r’
. = . . v. N '1
havé a fine hote! and mineral springs 1n the \1llagi_. . “Reheuma_
;lnalx'sis of which is given below is recommended fos
- - . v( (»{On etc.vu ~
tism. gout. indigestion, o |
Analvsis of water used by Montvert Springs Company.

70,000 grains contain:

TANIE ovvevvcmimema e 1.036 gr‘:{ms.
Iron protoxide ........... ... 829 i}
AlUMING oot e e 084 i
SOAA o veivi e 1.997 )
Carbonic Acid ... ..ot 4229 "
Magnesia .....oooeiiieeieees .62? )
Manganese . .......eeeeenen 726 )
Pota(éh ...................... 1 .997‘ )
Sulphuric Acid ..o 382 )
ChIOFINE v veeenrmeaneenes .705

The above substances are combined as follows: “
Calcium Sulphate ........c.v-- 144 gr”ams
Calcium Carbonate ........... 3.351 )
AANGANESE .« v v sereeceens 1.176 .
Pota;sium Chloride .........-. 1.304 .
Sodium Carbonate ...........- 3.218 .
Magnesium Carbonate ........ 1 .2653 i
Iron TR e lf)%i )
AlUNMING o vve vt e )
Sodium Chloride. ..o 217

There are a few deep wells in the town which are drilled

into the underlying rock.
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MounT Hewry. Here two springs supply most of the water
used, but wells are also in use. Mr. E. D. Barr writes “Near
Summit station there are two mineral springs that issue from the
rocks, They are about a rod and a half apart. One tastes
strongly of sulphur, the other is said to contain more iron.”

In that part of Mount Holly known as Mechanicsville only
springs are reported.

Pawrer. This town is largely underlaid by Ordovician

and Cambrian rock, slates, shales, limestone and quartzite with
some schist. The water supply is mostly from wells. These
are of various sorts, ordinary dug, driven, and deep. Ordinary
wells are from fifteen to thirtv-five feet deep while the driven
wells are deeper and the drilled wells are from one to six hun-
dred feet or even more.

Mr. W, O. Williams writes of West Pawlet “Cistern water
is used to a great extent but about sixty families are supplied
from a well owned by J. McFadden.”

Prrrsrierp.  This town has a water system owned by C. W.

Brigham & Co., which takes water from a stream. Wells, usually
from 10-20 feet deep are used and also some springs.

Prrrsvorp.  The chief supply here is from what is known
as “The Sand Spring”. This is a very large spring four miles
north of the village on a mountain side in the town of Chitten-
den. Mr. C. J. Fenton, Town Clerk writes: *“T'his spring has
been sounded to a depth of three hundred feet without finding
bottom. A fair sized brook runs away from it, or did before it
was utilized for our supply.”

The spring is owned by the Pittsford Aqueduct Company
and furnishes an unfailing supply to a hundred and twentyv or
more families. )

Wells and cisterns are also somewhat in use. Of that part
of Pittsford known as Frorexcr Mr. T. R. Willis writes as
follows: “The wells and springs on the west side of Oftter
Creek are hard or lime water, while on the east side nearly all

are soft water.” This would be expected because the rocks
about Florence are marble and limestone.

m.—f‘i Pa——
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SHERBURNE.
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West HAvVEN.

The water of one

e o T (;I‘lns town is situated on the lower part of
plain and on the south runs the Poultney River

Water i
r is pumped from both of these sources. The lake is not a
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shallow and

esirable source of supply here at it is narrow,
btained from

muddy. Drinking water appears to be mostly 0
deep wells. The underlying rock is Ordovician limestone and
shale and hence the water is quite hard.

\WEST RUTLAND. Until 1904 this town depended mainly
upon wells, but since then a public system has been installed and
¢rom this most of the residents get their water.

The supply 18 obtained from a mountain brook which has
been dammed as it flows through a deep ravine and in this way
a large reservoir partly natural and partly artificial, has been
made. This is over 2 mile from the village and considerably
above it so that a pressure of a hundred and twenty five pounds
is obtained in the central portion of the town. The water is
found by analysis to be of good quality and abundant in quantity.
There are no dwellings near the brook before it enters the

reservoir from which it is piped.

It is said that in many of the wells in use before the public
supply was provided there was 2 perceptible current in the
water which was reached at depths of from 6-10 feet, though
driven wells were sunk deeper in the hope of getting a larger
and more constant supply.

The quality of the well water varied. In some it was soft

and in others hard. :
!
WASHINGTON COUNTY. N

This county is hordered on the east and west by nountains

and hills and mountains are scattered through its area. It is

thirty-four miles from north to south and thirty-one from east to

west. The W inooski River runs through it in a northwesterly

ral of its principal branches are largely in this

d, Dog and other rivers and streams. There

portion, but few else-

direction and seve
county as the Ma
are numerous ponds in the northeastern
where. The rocks are largely limestone, (the Washington

Timestone of Richardson see Third Report of Vermont Geolo-
gist) schists and granite. There are Very extensive beds of
ihie latter rock in the eastern part of the county. The geology
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of this county is taken up in detail in the Third Report in Dr.
Richardson’s article on The Terranes of Orange County, pp.
61-101, and also in the article by Mr. G. L Finlay on The
Granite Area of Barre, pp. 46-59. In both of the above articles
there is much valuable information as to the rocks of portions of
this county as well as of those of adjacent areas. Washington
County includes twenty towns. ‘

Barre. This is the largest town in the county which has
grown up very rapidly from a country village and has not yet
become fully settled in its present status. It is not only supplied
by a public water system, but has almost a superfluity of them.
The country about Barre is hilly and the hills are steep and full
of springs.

At present, there are six supplies from which several
families take water and outside of the city numerous farms
have each its spring or springs. The main supply, that con-
trolled by the city, comes from several brooks; Orange Brook,
Scott -Brook, Williamstown Brook, Barre Brook, and Martin
Brook. The principal source, however, is Orange Brook, Barre
Brook coming next in importance. A correspondent writes:
“The two main sources of water in Barre are Orange Brook and
Bolster Reservoir, the former coming from the town of Orange

~with an unpolluted watershed of about ten square miles. This

has a temporary open reservoir which holds twenty million
gallons. The latter supply has a water shed of about ten square
miles and includes Peck Pond. It has an open storage reser-
voir which can hold twenty-three million gallons.”  For
analysis of this water see table. About twelye hundred families
are supplied by the municipal systemn. There is pressure at the
office of the Superintendent of a hundred and thirty pounds.
The system is a gravitv one, but there is a pump which can be
used if necessary,

Besides this large svstem there are, as has been mentioned,
five others, some of these are small, reaching only a few families,
others are larger. Mr. H. R. Worthen has a spring which sup-

plies one business block and three families. The water is said
to be good, but hard.

— e
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The Crystal Spring Company supply some‘two hundred aéli(i
fifty familieé. This water is piped from a spring to a reserv
and thence distributed. . ‘ .

Mr. Harvev Hersey takes water from six springs alr;_ s pd

yal. J o . . ' 11
plies over forty families. The springs come out irom sz ist an
the water is soft. The Barre Spring and Founta.ln ompany
supply a number of families taking water from springs. ;

The Barre Pure Spring Water Company supply a hundTr;
and seventy-five families and could furnish a large'r number. The
water is tglken from a large spring to a reservoir whence it 1S
distributed. 7

i a

At Graniteville, Messrs, E. L. Smith & C’Ompafl[};\ havete!‘

well a hundred and fiity feet deep in the gra;utf':. the \\:ard
i ithi thé surface. It is rather

s to within a few feet from : e .

la‘tljfl contains some iron. Elsewhere in this village, as springs
do not occur, wells are used by all inhabitants. ‘
Brrrin. Families in this village have wells, but.the fa'rma
‘RLIN. . n
outside of the village are for the most part supplied with springs
from which they take water. | _
Capor. This town is supplied from numerous ordinary
wells. .
Carats. Wells ten to thirty feet deep are largelsy usgc} here.
In East Carats, however, springs are used a‘nd the famlhlar re:f
port is again repeated.” “Every farm has its own supply ©
: ’sprincr \ther »  There are a few shallow wells and as in malthy
townz, these afford the main supply in t.he \;llllage tw};ﬂec alawi.:

1 i f it. So too in that part o

springs are used outside o 3 i
cilleg Sopoyt springs are mainly used, though some ’I’fifmhes tlef;
- . . < 0
i Mr. A. A. Bliss writes, is par

both springs and wells. 1 : . o
+he country being very hilly gives a good chance for spntnl;gse o
burst out ‘of the hillsides, usually near the north or sou .
of a ledge,” the ledges running nearly north, east and -south-
west. In the wells water is reached within twenty feet. f
Duxsrry. This is a mountain town lying at the t')ase o
Camel's Hump. TFrom this it follows that the surface is very

i sed.
hillv and springs are abundant. Still there are some wells use
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Easr Moxrperier.  This village s

springs. supplied mainly by

Favsrox i mo i
~. This town is almost wholly supplied from

springs, there being only
. S va few -
is soft and good. g and shallow wells. The water

MarsarieLp. Tt i i
.D. here is a village s - i
o : ‘ ge supply here taking w
o \(z}gl‘rmcsprmgs. The svstem is owned by the Be?ch:;cier
rks Company. The coll ; N
\ . ected water g ings 1
piped Fo small reservoirs and from these t (l)f th'L ee. The
water is soft and pure. e (o the vilage: The
Outside of i
e of the village each family has its own supply

spring wa o
g water. Though there are a few wells in use

AMipp X o .
ire three SLEStE\ Spring water is universally used here. There
e vstems ffrom which the village is supplied. The water
very soft. Mr. M. W, Mil '
suppli Ir. M. W, Miles has a large spring whi
pplies seventeen families. The water is purc a pring which
analysis of this water see table purc and good. For

Messr

ieht famiﬁs(;SS:fllc)lai(ll ?1112 Iréobart have four springs and supply

' , Mrs. C. C. Ainsworth 1 i '
e mnd - 1 has three spri
SOUth1 SejlfveI} families take water. These sources arle ajf;i)fr(‘sllqn

lc /7- - . . n

souh eo tl¥e Winooski River which flows through ;
nd the water is piped across gl the town

\L[‘O\A TPE -
LIER IlllS town llaS )rO‘ba )1\ a g’Icat(:r nl]n]bel Of

more or i .
knowledglee Sisn PjcLli:shc Wate—r supplies than any of which I have any
the most largely u(s)erda?}i Ot-her State. There is first and by fa}
hundred families. besid e city system which supplies about eight
piped from Ber‘i.n 16351( ZS shops, stone sheds, etc. This wate:is
and four hundr‘ed al?zll tlier?il)%efte()tt‘rljlliles land @ half from town
water ) ) above the main stree
b izhic(lj t1sw1:1€ge,r z}[bout fifteen thousand acres it is rtcs[.)or’trel(lie
through an open PaO ected.  From the pond the water ﬂows,
capacite.  This \Eaisag? to a reservoir of six millions of gallons
efforts have b er is not always satisfactory and various
een made to remedy sources of contamination and

with some :
measure of success, still the water is not

suspicion. above

nasmt e o eed,
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Besides this more general supply there are at least fourteen
others.

Montpelier is largely built in a rather narrow and deep
vallev and naturally, springs abound in the surrounding hills.
The rock is mainly schist. Yet with all its sources of supply
this place has time and again been threatened with lack of water
in very dry seasons.

Of the various <maller systems the io
pal ones. The Hubbard system takes water from a group of
thirteen springs which are connected so that they can be used in
oroups, a part being used as long as sufficient and when needed
others can be added. Over two hundred families are supplied
with this water which is rather hard.

The Corry Spring in Fast Montpelier s piped to the city
and supplies some twenty families.

The Shurtleff Spring supplies nine families. The water s
harder than most obtained in the region.

The Blanchard Spring is a large and constant supply for
over twenty families and three large business blocks. The water

is softer than that of many of the springs in this locality and is
v good. The spring is located on a hillside and

llowing are the princi-

considered ver
two hundred and seventy-five feet above the river.

The Graham Spring i small and is used by only a single
family.

A spring on the Dewey estate supplies the Pavillion hotel
and one family. It is located in the north part of town.

The Swinton Spring supplies twelve families. The water is
hard. The Mather Spring supplies three families and is large
enough to supply more as much of the water runs away.

The Brook's Spring supplies four families and has been in
use for over fifty vears. The water is soft.

The Smilie Spring supplies sixteen families.

moderately hard.

The Hinckley Spring on Seminary Hill supplies twenty
h has often two hun-
but hard.

The water is

families and a large boarding house whic
Ared occupants. The water is considered wholesome,
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The Langdon Spring supplies several stores, a large res-
taurant and a number of families. It is a large spring and its
flow has been found to be a thousand gallons an hour. It is in
East Montpelier and is piped into the city. The water is per-
haps the best and softest of any of the springs enumerated.

The Colby Spring, formerly used has been condemned and
is not used. There are several other springs from which water is
taken in different parts of Montpelier, but they are of less im-

portance than those mentioned. In North Montpelier the water
used is spring water.

Morgrowx. Mr. L. Wilcox reports, “There are no wells
in this town that I can recall. Families are furnished with water
from small springs. Usually each family has its own spring.”

Nortrr1rLd. This village is supplied by two Companies.
The Northfield Aqueduct Company take water from {four
springs and a brook a mile and a quarter from the town and five
hundred feet above it. There is no reservoir but the water is
piped directly. The water is very soft and otherwise good. The
Andrews Aqueduct Company take their water from springs on
hills east of town about a mile and a half distant and a thousand
feet above it. There is no reservoir. 'The water is harder
than that of the other Company, though not very hard.

Praixriern.  This town is almost wholly supplied by

springs, but there are a few wells. from 70-50 feet deep. The
water is soft but in some cases has a sulphurous taste. Mr. J. S.
Chamberlain writes: “There is seldom a farmhouse that cannot
be supplied with good spring water running to it though some
are short during a long drought. The supply of Plainfield vil-
lage comes from the base of a sand hill with no buildings nearer
than half a mile. If all the water of this spring were used it
would supply a village of fifteen hundred inhabitants, but at
present the village has but four hundred and fifty residents.”
RoxsUry. This town while using spring water mostlv has
been also in part supplied from wells. These are from 10-20 feet
deep. Verv few, if any of the wells are now used. There is a town

C—
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The water comes from

; ilies. .
A Outside of the village

i i lies
system which supp " e

springs. 'The water is g0
each farm has its own spring.

vv: I'SFI D. [ [l Wate[ 1p[) \ come f O nu O
EL € Su 1 S rom
AY . merous

springs on the hillside.”

¢rom springs though there

J is mostly
e e The wells are from

The water is soft.

W ARREN.
are some few wells.
8-15 feet deep. | o
There are several systems in this vﬂlfige.

{ springs

wned by the town takes water from a group cl)1 Cgver:d
"rhaStt(?we sevf;n miles distant. There 18 .here.z ad Smawvaterbury
« e reservoir and from this the water 15 p1p¢ t.o Watern

age , o
Sto; gistributed directly to houses, but the SUrPlUS is ke
. hundred feet higher than the village a P

7 1 an .
dinarilv only for fire purposes. The water is soft p
or 3 3

i i 1 Warren

i ' Hopkins, Somerville and
Nt e e about o Olilies in Waterbury center and
A few wells are also

W ATERBURY.

reservoir two

system supplies about sixty fam N
tflere are two or three smaller systems.

used.

Y. € ke ro ‘PI mgs
\\ OC DBURY VA atet‘ h re 1S nlalnl\ ta n i m » 29
00 g

though there are a few wells in use.

most used here as sources of

o far S it Wells are also used to

water, each family having its own.
3
some extent.

WINDHAM COUNTY.

- + of the State. Tt is
i : southeastern par .
This county forms the ' e
hirty-six miles from mnorth to south and t\xem_\' Tg, rom
ot to VIt contains seven hundred and eighty q

east to west
miles and ther . e
The Connecticut River flows along 1ts eastern b(frdert "
) v ; 1 ent par
Villiams, Saxtons West and Deerfield rivers w ate? gn"[er nioun
3 N/ 14’ wdl S, - | ' ; . ’
) fl'ts ar;:a The surface is hilly and irregular with so ne ot
oin . : re probably
tainous towns in the western part. The rocks are {

e is in it twenty-three towns.
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the most part Precambrian. though some of the masses are

a
little later.

ATHENS.

The water supplv in this town is wholly from
springs.

Brrrows Farrs. This is in the town of Rockingham, but

it is so much more widely known by the village name that it is

treated as if an independent town. The chief water supply here

is that owned by the town which takes water from Minards
Pond which is about one and a quarter miles from the village.
Farr Brook is used as supplementary to the pond. The system
flows by gravity and affords a pressure of a hundred and fifteen
pounds. Mr. A. Cooledge writes that he does not know that any
wells are used for domestic purposes. The water is very soft.

PrarTLEBORO. The principal supply in this town is that
furnished by the Chestnut Hill Reservoir Company. The water
used by this company is taken from springs and collected in a
six million gallen reservoir whence it is piped over the village.
The water is very soft and otherwise good. Another supply is
the Western Aqueduct Company. This company uses spring water
collected in a covered reservoir. The water is harder than that

from Chestnut Hill and does not appear to analyze as well in

other respects. Besides these larger supplies, there are num-

erous small supplies from small springs, the water from which is
said to be “verv excellent.”

In time of need the water of West River is pumped and
used.

BrookLine. Mr. C. P. Stickney writes of this place: “In

this localitv the hillsides abound in cool springs which furnish

most of the water for domestic use.” There are also a number

of wells in the village, some of which have water with mineral
matter. There is a mineral spring from which at different times
considerable water has been hottled and shipped from the Rail-
road Station at Newfane. The water is said to have “A great
local reputaticn for its medicinal qualities.”

Dover.  Spring water is universally used here but in East
Dever, wells are used especiallv in hot weather when the spring

. .
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e . by the time 1f
‘s i some cases too warm to be palatable D)

water 18 11 SO S '

reaches the house through pipes.

S;l)]l[l s CcOoml 12 rom sean: 1 the I()CL\S
S 1
g 1 > f

D o | furni ommon supply-
1 trom the ground furnish the most € 1
O e iso ¢ Some of these are deep-

Wells are also used to some extent.

T2 p S .
C ON Spr ngS and oran a W s su pI 11
R.\FI N 1 T 1 1ary v e“ v tl S town

«“\[ost of the water used for d
H. Stowe.

omestic purposes
(3UILFORD.

comes from springs. | e
Although wells are used in this town, SPTIE
: gh

PAX. ‘
i he source of the water supply.

are more commonly t

.. .

Taaatca. Mr.o J. C. Robinson v'vrites, "jamlafla :(sle;: Z:Elb:t’
iy rowr vith many good living springs on the 1 s‘, S and o
]““.\. t(I))\mesT A laro'feknumber of these springs supply wa T
: e an ; : is ,
ft::lf:;\' ilse and for cattle the pas‘sureﬁ.h 'Ijhea \Ii:;;_ e
soft and apparently pure. Most springs ave a Ia o
SO e f the vear. The water 18 cooler i son o
thf Sprm%h::et;rc' about twenty families in Jamaica Vi ag
others. J \

capplied by fifteen springs.”

NDO? . 1 [)I mngs a[) year to Pe \lse(l ab()ut
‘/{)\ NDERRY \\elS art (l S 2 1

g w and the

Jlv in this place The wells are usually shal?o ;Sidered
ater i not very satisfactory. That irom springs 1s €0
water 18 N6 3 sf 3
good. |
“{"pon most of the farms here there 1s an
ﬁ\' few are used at the present time, r’t’mnmg
: the place of well water.”  Mr.

M ARLBORO.
ordinary well, bhut v
water from springs having taken
R used in this town. Wells,

NEWF:\A\'E‘I" 1 to some extent. There is no public supplly.
’fi?“'e{?‘(?rel{‘:jfe \\'r{tes. “There is comparatively 1o clay n
Mr. M. O.

N i b a

(- W ' (na cou Ity s 1 a
e |a 1€ T ot Of th towns m \\ mn h m cou - t t
\ W 1 or m nos

e 1 ¢ aV 1 erv { mpac usu 1 v
l th oI 4 iew feet the g‘rd '61 1S very ha. aa d CcO [ sua

(a 1n sur : \ \. e SUr e S D e -
pl u faCe \\'ater can ed.:ll . be e)\Cll e, ac Spru 2@ re
« S > ¥ At < % fq E
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quentl\' flow from fissures in rock.

i e mostly
Springs are MOSHY
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Mineral spring water is shipped from this place, but as
noticed in the proper place, the spring is in Brookline,

PurNey.  Springs and wells are both used. The latter are
reported as from 12-20 feet deep.

Rockincmam, The principal part of this town known as
Bellows Falls has already been considered. The town outside
of Bellows Falls is abundantly supplied by springs,

SOMERSET.
and abundant,

STRATTON.

Water is wholly from springs which are good

This is a mountain town at least in part and
#mple water can be obtained by most of the residents from
springs.  Still some wells are used,

TownsHEND. Wells and springs are apparently used in
about equal numbers, The water of both is soft, or in wells
not very hard. The wells as usual in this region are not deep.

VERNON. Here as in the previously named town are wells
and springs. There are some deep wells,

Warpseoro.  “The water for family use is from wells dug
and stoned up. They vary in depth from 10-20 or 30 feet.
Others obtain their supply from springs on hillsides and conduct
it to their houses in pipes. In some localities these springs are
numerous and as a rule, are to be found at the foot of land slop-
ing to the north. I know of one boiling spring close beside a
brook on level ground that never fails and the water comes up
through quicksand which by the action of the water has made
a mound of earth in shape like a sugar loaf and the grass is
green all the vear. I also know of a spring on a side hill sloping to
the northwest that comes up through a round hole in the solid
ledge. 'The hole is an inch and a quarter in diameter and the

water always fills it and there appears to be a good deal of
pressure behind.” H. E. KIpper,

WesTyINsTER. Mr, G, H. Walker savs: “We have no deep
wells in this town. There is a large spring that supplies the
village for the most part. There are a few small wells 20-30 feet
deep.” At Westminster station there are a few driven wells.

- 4,

A

\ 1
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WarrincuaMm. “There are no artesian or deep wells here.

i only a
A1l around on the hillsides are springs and our wells are only
few feet deep. The water is very fine.

A. A. BUTTERFIELD.

i upply is entirely from
WirmiNcroN., “OQur domestic water supply

springs or from shallow wells fed by springs.” O. H. Jones.

“ i in this place. As
WinxpaAM. “There are no large springs ' p

most every house is supplied by private springs.
HAPMAN. ' o o
© “The water supply of this town 1s mostly living springs. We

1 ili these
have beautiful, soft spring water never failing among

hills.” S. M. SMITH.

WINDSOR COUNTY.

This is one of the counties which is bordered by the Ctohnn:;(;
It is forty-eight miles from north to S'out one
thirty miles from east to west. Besi?les the Con}rllercr‘:lcuart g
on the east there are the White 1n t}'le northe thgm })art.
Quechee in the central part, the Black in .the so’}lhe part
The county contains nine hundred square m1}fs.in e SEuthern
ing rocks are slates, schists, and some granite pe souther
There is also a considerable development o

’ and some other rocks.

ticut River.

part. :
River limestone, Bradford schist ,
The county includes twenty-four towns. .
As a whole this county is less mountam?us  most o
those in the State, but the northeastern towns ari yOIated
irregular and there are more O €SS is

an most of

upheaved and :
in me ‘here.
mountain masses elsew ‘ . . N
AxpOVER. Both wells and springs are used in 1Ttlhls t(t))\ ,
L . ave been
probably the latter more commonly. lzlr\s farmaosstlin ave been
in, i dover proper wells are

able to ascertain, in An 1 D use

in that part called SIMONSVILLE SpTIngs are more-co g
B .ll\IORF Mr. W. R. Bryant writes of this town, : Our
ALTIMORE. . W, . our

town lies at the foot of Hawk Mountain and our peop

jith drinking water from springs flowing from the

lied w . .
5}3313 f the mountain.”” Some wells are also reported in this
side o .

town.
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BArRNARD.

R Wells appe o .
in this town. ppear to be the main source of supply

Still a few springs are reported.

BEI] . y,
IEL The[e 18 hele no publlC Sl‘]ppl but g[()upS ()i

families in some

Am ‘ cases get their water f{

familh . r from a co

ch is a large spring. Most of the people rizlx:z o got

- fro There a , Y

Ny vate : re very few i

o eiltsh:rlllz.idge 1s situated in the White Riveryvalley ‘:relgst}in 12151?
her side are full of springs i b all

necessity for wells.” M. \%. irnc‘)‘;}d]mh e

small supplies mentioned above .

following:

water from private springs.

. As examples of the
oo there may be named th
ooowing: & | 1arCushm.an supplies the families at “Thz

ge spring. J. A. Graham supplies families

on River Street; E. D, Gi 1
on K . D. Gilson supplies North Main Street, and

At East Ber
S THEL there are m ' i
use sprinn ore wells, but still most families
BrivGEwarER. This i
¢ . his is one of
e of the most mountai
o o s is clt?unty and as would be expected, ‘¢ Nearl cvery
o . ’
il upplied with spring water.”” In Bridgewate ’ 'el‘ljery
- ‘ ater vi
: a few wells, but in WEsT BrIDGEWAT age
eported, only springs. e none &

At BRIDGEWAT
sEWATER CoRNERS both spri
thou s both springs and w
.gh \Yells are less common. The water of b\wel]s are used
springs is reported as soft. oth wells and

CAvENDISH. Spri
DISH.  Springs are largely used here, but there are

also b -
excellsr:? :rr]gefr; an.dhdug wells. Some of these wells are ve
mis a ]arge su 1 ry
Mr. C. E. Warf supply of water. For i
had all theirarvhfld says that «“ A few years ago seven }I;Sntl"_‘]r?ce
called water from my well.”” In that part of Les
ed ProcTorsvILLE only wells are reportedp of Cavendish

CHESTER., ]
Mr. G. L. Fletcher writes from this town

(X3 S N
prings are plenty
y, pure and

class. There _ good. Wells are

Untilggfi more than four hundred wells dugﬁarj(tj
een years agor : h

latterl er go running water was scar
pipes from sprin Who had ueed swells have bronght macet im
springs to their houses and we have & :\ater '
> have a water com-

stoned.

Vel et
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pany that bring water in an iron pipe from a reservoir which
receives the water of a small brook two thirds of a mile from
the South Village and those who had no spring water have taken

that furnished by the Company. Three rivers run through
Chester, North Branch, South Branch, Middle Branch of Wil-
liams River and many wells are fed by under currents from
these streams, as 18 shown by the fact that in digging the wells

he level of that in the streams. The Mid-

water is reached at t
dle Branch runs through the main part of the town, Chester
hrough North Chester and

Village, while North Branch runs t
Chester Depot and the three unite about a mile east of Chester

Station.”’
Mr. F. W. Pierce says of his own well, This well in com-

rers in the main part of Chester Village is dug in

mon with otl
what is evidently an old river bed. The writer, as well as most
ter for drinking upon that

of his neighbors, depends for wa
brought by the Water Company.’”’

This Company takes the water of a brook which has a water-

shed of between three and four hundred acres much of which is

owned by the Company. They have an open reservoir holding
five hundred thousand gallons.

It is about two miles and a
half from the main village.
For analysis see table, page 257
HarTrFORD. There are several water companies in this
place and in that part ot the town known as White River Junc-
tion all taking water from springs. There are also many private
springs in use particularly outside of the villages which supply

he water of Ceasar Brook is piped to Hart-

single families. T
This water is soft and

ford and supplies about forty families.

pure.
Mr. H. C. Pease writes, Two years ago 1 bought four acres

of land, one acre being swamp from which clear cold water
always runs. 1 laid deep in the gravel six hundred feet of tile
pipe and conducted the water to a reservoir. This spring 1s
twenty thousand gallons daily.”

the largest in town and flows
lied with this water. White

Twenty or more families are supp
River ]unction will be considered in order.
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Harrranp.,  Hartland is not well supplied with springs
and must therefore depend upon wells. Still there are a few
springs.

Luprow. This village has a public system; as to this Mr.

W. M. Bixby writes, ¢ Within the village limits very little
water is used except that from the public system. Thisis taken
from mountain springs, elevation about six hundred feet. At
present we take about half the flow which never varies.”” Out-
side the village springs are used, and also some wells.

NorwicH, This village has a public supply owned by the

Norwich Aqueduct Company. The water comes from springs.

Wells which are fifteen to twenty feet deep are also in use.
Wells are more commonly used outside of the village. The
water in both wells and springs is reported hard. In a part of
the town called Lewiston there is a‘driven well sixty-five feet
deep in which the water rises thirty-three feet. Mr. C. P.
Brown writes that, ¢¢ This well goes below the bed of the river
(Connecticut) and there seems to be an endless supply of water.
We have run the pumps even seven or eight hours at a time
and could see no difference in the supply of water.”

Shallower driven wells are common near the river which
flows along the eastern border.
PrvyMmourH.

Springs supply most of the water used in this
town.

Some of the springs are reported to be quite large.

PourrET., Springs on all the hills and mountains about
this town. '

ReapiNng. The water used in this town is reported to be
from wells and to be soft. Some of the wells are only four or
five feet deep and are practically springs.

Other wells are
deeper down to twenty-five feet.

RocCHESTER.

There is in this village a public system owned
by the town.

The water is taken from springs, ten in all, and
collected in two small reservoirs and then it is piped to a large
open reservoir built of stone and cement and holding over a
hundred and five thousand gallons.

There is a pressure in the
village of ninety-six pounds.

The water is soft and pure.

LY G
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The water used in this village is supplied from

N . 1 e
ROYALTON. In SouTH ROVALTON, springs ar

ordinary springs and wells.

almost the only source of supply. -
Suaron. Both springs and well§ ezlreee

mostly. Wells are from ten to twenty feet p- = andant

There is no public supply, bu ant

Sy th Some wells are reported, u

The well water 18

Springs

i 1e households.
springs supply the : .
sgrings are the principal source of supply
not regarded as good as the spring walte;.  eceive theie wales

> 3 «c All of the people h€
STOCKBRIDGE. A
G. B. Fish. e
Of GAYSVILLE, & village in this town, Mr. F. P Ijail:lezll hm;
¢ The water supply is obtained from small sPrlllnge11 e ally
et occasionally a well in the valley which w
excep ‘ <y Y
¢ 1 with the nve
e e e obtained to some extent frorln
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ive while the springs gV . The :
g;vil ot szarl:xir of the spring water from the hills 18 reporte
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from springs. '
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e and]?jcflitjf fl"Although this place is a parthoi
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wate tl‘emel' astaking water from springs. There is afsugﬁe};
e the illage which furnishes water to more am{l. X
Otzvnedn;)yo:::r‘;;stgm. About two hundred and. ﬁfttzkéirr};;em
et the i e water 18 -
B Sl'lp}f)lzrirof?d t:;s sS;rI;:nges.. r'rl‘li'lle water- is collecttlad 11;
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gm{th has used on his premises water from White River



344 REPORT OF THE VERMONT STATE GEOLOGIST.

This is rather hard, but is otherwise considered good. Mr.
Smith also had a well drilled to a depth of two hundred feet
but the water was not pure and no use was made of it. The

Hartford Water Company also supplied families in this part of
the town.

Witper. This is another village in Hartford. It has its

own water supply owned by the Olcott Water Company. The
water is taken from three springs, two of which give soft water
and one hard. The water is distributed by hydraulic rams arid
aqueduct and about fifteen thousand gallons are supplied daily.
It is reported that there are «“ No wells in this vicinity.”” Out-
side of the village the farms have small springs which supply
them.

Wixpsor.  This town has a public system which takes

water from springs, and supplies most of the town. The
water is collected and pumped to a stand pipe. Water from
Dudley Brook is also used, but mostly for motors, though form-
erly it was used for domestic purposes.

Woobstock.  There is a public supply here taken from a

stream. The water is rather hard, but is reported as very

satisfactory, except as to supply. Mr. George Aitken writes,

#¢ We have running through the town a nice brook which will
turnish plenty of water, but in order to get sufficient fall for
- power and fire purposes, will necessitate the building of about
four miles of large piping and the damming of the stream, this
is now being talked about, and I have no doubt will be done
during the next two or three years at least.

We have several large, fine springs near by, these are a source
of revenue to the owners during the summer months, being
distributed through the village in five and ten gallon carboys at
a moderate price.

Our public water is very fine, and perfectly satisfactory, only
lack of quantity.”’

WEesT Woobstock, ¢ The people here use the aqueduct
water principally. This comes from living springs.”’
SourHs WooDnsTOoCK.

There are numerous springs here
and also many wells,

Some of the springs are large.
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