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STATE OF VERMONT.

Orricr or State GrOLOGIST,

Burninaron, Vi., Oclober 15T, 1904.

To His Excellency, John G. McCullough, Governor of Ver-

mont

Sir:—In occordance with the provisions of Act Number
6, 1900, 1 herewith present my Fourth Biennial Report on the
Mineral Resources and Geology of Vermont. This report con-
tains a summary of the results of investigations carried on dur-
ing the years 1903 and 19o4.

When all things are considered it will be found that the
Geological Survey has made satisfactory progress.

The very moderate appropriation from which all expenses
must be met renders work upon any other than a small scale
quite impossible. Much of the field work that has been done
has cost the State little more than the actual traveling expenses
of the geologist, and the very valuable assistance which has been
given by Professors Seely, Hitchcock and Marsters has cost
very little,

I think that it may be easily shown that in the results of the
work done during the two years covered by this Report, the
State has received that which is of far greater value than the
money expended.

As heretofore, a large number of samples of ores have been
tested and an account of the composition of each sort has been
sent to the owner. It is believed that in this way much money
has been saved which otherwise would have been spent in need-
less assaying or in useless attempts at mining. The introduction
which immediately follows gives a general statement of the
work of the two years.

Very respectfully,
GEORGE H. PERKINS,
State Geologist.
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INTRODUCTION,

The following pages form the Fourth Report issued by the
present State Geologist. The Report immediately preceding this
contained—A sketch of the Life of Zadock Thompson, by G. H.
Perkins; A Bibliography of Works on Vermont Geology; A
sketch of the Life of Augustus Wing, by H. M. Seely; An Ac-
count of the Mineral Industries of the State, by G. H. Perkins;
an account of The Granite Area of Barre, by G. I. Finlay; a
description of The Terranes of Orange County, by C. H. Rich-
ardson ; a survey of the Geology of Grand Isle, by G. H. Perkins;
and a Petrographic Description of the Dikes of Grand Isle, by H.
W. Shimer. The chapter ou the geology of Grand Isle includes a
paper by Professor Seely on Sponges of the Chazy.

During the two years since the last Report was published the
whole of Grand Isle County has been explored and mapped, as
will appear in pages following. The Brandon Lignite Deposit
and its peculiar and exceedingly interesting fossils has been care-
fully studied ; many of the mineral and rock deposits in different
parts of the State have been examined and the water supply of
Vermont, so far as it is used for drinking, has been investigated
under the joint authority of the United States Geological Survey
and the Vermont Survey. In addition to what has been accom-
plished by the State Geologist, valuable investigations have been
carried on by Professor C. H. Hitchcock on some of the problems
presented by Glaciation found on the high elevations in the State,
Professor V. F. Marsters has made a careful study of the Asbestos
Deposits and the adjacent rocks, Professor H. M. Seely, who for
many years has studied the Stromatoceria of the Chazy and con-
tiguous beds has furnished a paper on the forms of this genus
found on Isle LaMotte. The Bibliography given in the previous
Report is again published, as important additions have been found
2
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since the first list was issued. The biographies of the pioneers in
scientific work in Vermont are continued by that of the first State
Geologist, C. B. Adams, by Prof. Seely. The Mineral Industries
of the State are more fully treated in the present than in some of
the previous Reports as their great and increasing importance
demands. '

It has seemed eminently fitting that a biography of the first State
Geologist appointed in this State and one of the leading scientists
of the State should find place in such a report as this.  Accord-
ingly a sketch of Professor Adams published by Professor Seely,
in The American Geologist, is here reproduced with the portrait
which accompanied the original article.




PrLAaTE L.

Courtesy of THE AMERICAN GEOLOGIST,
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Sketch of the Life and Work of Charles Baker Adams.

By Hexry M, Segvy, Middlebury, Vt.

PORTRAIT—PLATE I,

Amherst College was greatly honored by the men that graduated
in the classof 1834. A member of this class in later years said
something very like this: ¢We led our class, you at one end and
I at the other.” This playful recognition by Henry Ward Beecher
of the superior scholarship of a loved and loving friend and class-
mate must not be taken too seriously for the great preacher him-
self was no mean scholar in rhetoric and kindred studies. But
whoever was the trailer evidently there was a leader of this class
of eminent men. The name of this leader stands as the title of
this sketch.

Charles Baker Adams was the son of Charles Jeremiah, and
Hannah Baker Adams. His birthplace was Dorchester, Mass.,
the time of hisbirth January 11, 1814. He was fortunate in many
respects, particularly in ancestry, in surroundings, in taste, and
in training.

The father, Charles Jeremiah, was a Boston merchant born at
Medfield, Mass., 1789, and of that kind of stock that made the
family name Adams famous.

It is not always possible to say what a man is worth, the sum
hayving a sliding scale from the minus of a pauper or the lower
down minus of a criminal, to the plus high power of a president
of the United States. When Henry Adams stepped out on the
landing place at Salem mnear 1632 there went with him unseen
potentialities the value of which one can hardly overestimate. No
bound or recoil answered the footfall of this man as he walked
forth into the new world to which he was bringing his energies.
But later all America became responsive to it. Through his des-
cendents he became a large factor in shaping the fortunes of this
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new world., The family name runs along the early and later
pages of American history.

From the labors of an immediate ancestor of Charles Jeremiah
has come mostly what is known of the early relationships of the
family, he having compiled the first known genealogical record of
the family in this country, threading almost untrodden regions on
horseback for the purpose.

Charles Baker Adams was in the seventh geuneration of the
American family, having come down through lieutenant Henry
Adams the oldest son of Henry Adams the immigrant.

This founder of the family settled in Braintree, Mass., and here
was gathered a household of eight sons and one daughter Ursula.
The names of the sons were Henry, Thomas, Samuel, Jonathan,
Peter, John, Joseph, and IEdward. These children he had prob-
ably brought with him from England.

Henry, the oldest son, was the first town clerk of Braintree and
the first record of a marriage was that of himself with Elizabeth
Payne, November 17, 1643. The second marriage entry was that
of his brother Joseph and Hannah Baxter. These were the great
grandparents of John, the future president, as well as of the
second cousin, Samuel, the revolutionary patriot and state
governor,

A paragraph giving the genealogy of Charles Baker and, inci-
dentally, at the same time showing the size of families of earlier
times will be interesting. Henry Adams 1st, eight sons and one
daughter: Henry 2nd, seven sons and one daughter; Henry 3rd,
three sons and four daughters; Henry 4th, four sons and seven
daughters ; Elijah, eight sons and eight daughters; Charles Jere-
miah, two sons; Charles Baker, five sons and one daughter.

Near the time Henry 2nd made the record of the marriage of
his brother Joseph he removed from Braintree to Medfield and
was the first town clerk of Medfield.  Iere his branch of the
Adams family became numerous and distinguished, and here
Charles Jeremiah was born.

It wvould be interesting to know something of the pursuits of the
lad Charles Baker, of his friends and associates in his Dorchester

home, but the years have gone by without record of remembrance
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further than that he was early inclined toward natural history,
«fond of bugs,” as was said of him.

His tastes led him away from the mercantile pursuits of his
father and pointed him towards the life of a scholar. From Dor-
chester he went to Phillips Academy at Andover and in 1330 en-
tered the freshman class at Yale. The next year, 13371, he enter-
ed Ambherst College and graduated with the class of 1334.

The college curriculum of the day was thought to be a well
rounded one, framed by the experience of renowned educators
of both the old world and the new, designed to give a complete
scholarship. It was not the purpose to fit a young man for a
special profession but rather to ground him in the principles that
might be needed in any of what were then the learned profess-
ions. So young Adams had the full benefit of training in ancient
languages, mathematics, mental and moral science, and whatever
of natural science was then taught. In many ways this was a
good course. It was strong meat for strong men. Adams took
well to this nourishment and grew on it. Ilis diligence with his
endowment enabled him to forge forward in scholarship and his
scholarship placed him at the head of his class.

The wide world opened before the graduate, but apparently the
young man was not quite sure where his field lay. It might be
that of theology so he turned his steps towards the Theological
Seminary at Andover. Here he spent the first two years of his
post graduate life.

In 1836 he was tutor at Amherst College and during the year
gave a course of lectures on geology at Bradford Academy, and
assisted president Hitchcock for a brief time in a geological sur-
vey in New York state.

In 1838 he was called to Middlebury College, Vermont, to take
the professorship of chemistry and natural history. While oc-
cupying this roomy chair and doing all the exacting work con-
nected with it, he in some way found time for creating a cabinet
of natural history which under his diligent hand grew to symmet-
rical proportions.

The rocks of the state, the minerals at hand and far away, the
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insects of the surrounding country, many of the vertebrates and
especially the mollusks from foreign waters, as well as a com-
plete suite from the state were collected and here systematized in
this museum,

While Professor Adams was busy with the large work to which
he had set himself, the blooming time of early state geological
surveys had come. The studies and lectures of Professor Amos
LEaton, had had a widely beneficent influence. His labors with
those of others created at that time a great wave of geological en-
thusiasm. The people of the various states became wonderfully
interested in the rocks and minerals of their lands, and this interest
brought about by legislative action the organization of state sur-
veys. The subject of a state geological survey had been brought
before the legislature of Vermont as early as 1836, In and out
the legislature the matter was discussed until 1844, when late in
October of that year a statute was enacted making an annual ap-
propriation for the three succeeding years for a geological survey.

Early in the spring of 1845 governor William Slade in whose
hands the selection of the head of the survey was placed, appoint-
ed as such head, Professor Charles B. Adawms.

Professor Adams, who had had preliminary training and exper-
ience under his college professor Edward Hitchcock, entered at
once upon the work assigned him. He was fortunate in the
choice of his assistants. He called to his aid Professor Zadock
Thompson, of Burlington, who years later became successor in the
work of the survey, and Rev. S. R. Hall of Craftsbury, who had
chief oversight of the agricultural features of the survey; Denison
Olmsted, Jr., and later T. Sterry Hunt gave help in mineralogy
and chemistry. Also volunteer and temporary assistants gave ex-
cellent help. The state was taken under general survey. Ac-
cording to the directions of the governor, seven suites of speci-
mens were to be assembled for the state; an eighth was to remain
in the hands of the principal of the survey, to be disposed of by
him at his discretion. The complete suite was for the state col-
lection; the less complete were to be placed in the cabinets of va-
rious schools in the state.

Much preliminary work was done the first vear of the survey.
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The personal work of the principal was directed to ascertaining
the character and limits of the geological formations. Six thous-
and specimens were collected and a first annual report on the
Geology of the State of Vermont, a paper of 92 pages, was pre-
sented.

A busy year, that of 1846, followed. A map of the surface
rocks was projected, several sections were worked out, all the
counties of the state were visited and in some cases revisited,
drawings for future illustrations made, specimens of fossils, rocks,
and minerals were collected, bringing up the number to 12,000,
and a second annual report, a work of 267 pages, was presented.

This second report contained, besides much other matter, a brief
treatise on geology, for the instruction of the people of the state,
with illustrations from the rocks of the state, prepared by the
principal of the survey. A careful, comprehensive statement of
the economical geology and mineralogy as well as the agricutural
features of the state was made.

The results of a collection of sixty samples of soil by S. R.
Hall, the altitudes of the mountains of the state by Zadock
Thompson, and analyses of rocks and minerals by Denison Olm-
stead, Jr., were put on record.

A third annual report, that for the year 1847, was briefer, a
paper of 32 pages. In it the work of the year is sketched though
not largely. Careful sections from Lake Champlain to the Green
Mountains had been carefully worked out by the chief of the sur-
vey, the geological map continued and corrected ; 3,000 specimens
had been added to the previous collections. The collection—that
for the state now numbering 2,000 specimens—had been ticketed
with number, formation and locality, and made ready for distri-
bution among the institutions to which they were assigned. The
assistants on the survey had been diligent. T. Sterry Hunt had
reported the analyses assigned him. The principal had had the
deep satisfaction of the presence of Professor Desor and Professor
Agassiz for a little time, and at Burlington and vicinity he had
their suggestions in regard to the drift of Vermont.

The work of the three vears had been leading up to the prepa-
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ration of a final report. At the close of the third report Professor
Adams made estimates, very moderate estimates, for each of the
two years required for making out the results of the geological
survey.

Near the close he had previously said: *‘The remainder of the
winter will be occupied in collating the field notes and in making
the necessary plans for the preparation of the final report. . . .”

“The time and funds provided by the bill for the geological
survey will be exhausted on the first of March, 184S, and ad-
ditional funds and time will be necessary for making out the
results of the survey. In the annual reports but a small part of
these results has been given and this has been done in a discon-
nected way. If we may be allowed a familiar illustration the
process of the geological survey thus far has consisted in finding
and bringing together the various materials which are yet to be
used in the construction of the edifice. Some benefits we hope
have already resulted from the survey, but it still remains to make
it a source of permanent utility.”

But to the loss of the state of Vermont, and perhaps a greater
loss to the science of geology the master builder who had so care-
fully and so laboriously selected the material, was not permitted to
build into a harmonious whole the edifice so wisely planned.

Professor Adams, in the last year of the survey, 1847, had ac-
cepted a position outside of the state, a professorship at his Alma
Mater, Ambherst College, Mass.

The state legislature at its succeeding session neglected to make
an appropriation for this work. The cause of this failure is not
at this day quite clear. It may, in great probability, be attributed
to the absence from the legislative body of those members who
early were the advocates and supporters of the survey.

The work stopped. Professor Adams issued a thin fourth re-
port now exceedingly scarce, the mere shade of the final report
which was so near his hand.

The results of this period of three years’ work may be partly
summarized in the following statements. There was exhibited
an eminent example of a careful systematic geological survey,
there were published annual reports of the progress of the work ;
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a map was prepared of the geological formations of the state as
these formations were then understood. Labelled collections of
rocks, minerals and fossils were placed at Montpelier and with
various literary and medical schools of the state, a mass of
geological notes was accumulated. These last, however, were
made in a private shorthand and not readily deciphered except
by the one who had made them.

Near this time Professor Adams, in connection with his friend
and Ambherst classmate Professor Alonzo Gray, published a text
book, Elements of Geology. A person familiar with his annual
reports, recognizes that in illustration and in thought this book is
the outcome of his geological work in Vermont.

The deepening of the groove that Professor Adams was im-
pressing on the science of geology apparently stopped here. A
suggestion as to the possible cause for his turning abruptly aside
from contributing to geology is that he found in his new college
associations one whom he looked upon as a master in the science,
his old teacher President Hitchcock. With him he would not
enter into competition. Whatever may have been the cause, he
turned easily to another and a much loved field that was awaiting
him, that of zoology. This he entered with the same enthusiasm
that had characterized his work in Middlebury, and the wider
border, the mountains and valleys of Vermont. Here at Ambherst
as at Middlebury he put his fashioning hand on the Museum of
Natural History to which he transmitted his personal collections
accummulated in the Vermont survey.

His more especial original study was in connection with the
class Mollusca.  The shells of Central America and the West
Indies received his careful attention, and in pursuance of his object
he made thither successive voyages. He visited Jamaica in 1844-
45 and again in 1848-49, Panama, 1850-31, and St. Thomas,
1853-54-

In some parts of his work Thomas Bland, Esq., an English
lawyer of New York City, and resident of Brooklyn, was in con-
nection with him, and later Robert Swift a merchant of Philadel-
phia and St. Thomas.

Frequent published papers came from his study and his pen and
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between 1849 and 1851 successive contributions to conchology
app.eared to the number of ten. These had been read before the
various scientific societies and were mostly printed in the Annals
of the New York Lyceum of Natural History. Various Mollus-
can collections, largely the work of his own hands, were examined
and catalogs prepared and printed. 1In April, 18571, there ap-
pearefl a Cfitalog of the land and fresh water shells that inhabit
Jamaica giving a number of land shells, 364, fresh water, 25, in
all 389. His great work in connection with Mollusca was with
these forms in and around Jamaica. He hoped to prepare a mon-
ograph which should be a complete study of the species and var-
ieties of that region.

From such opportunities for collection and having the gift of
making accumulations it is not strange that the Museum under the
charge of Professor Adams took on an unique character and large
proportions.  Professor Hovey of the chair of physics had accu-
mulated what may be considered the nucleus for the marvel that
crystallized around it. A marvel it was, the hundreds and thous-
ands of specimens grouped as to relationship and bearing a pe-
culiar personality by the labelling in the beautiful handwriting of
Professor Adams. At the time his formative hand left it, a half
century ago, it contained about 8ooo species and Professor Louis
Agassiz said “I do not know in all the country a conchological
collection of equal value.”

A somewhat similar collection made by Robert Swift, for the
sum of $30,000, passed into the keeping of the Smithsonian In-
“stitution.

Teaching at Amherst with collecting in the West Indies went
on year after year with Professor Adams as had his teaching at
Middlebury and the geological survey of Vermont. )

But the year 1853 was a sad one for Amherst College ; an over-
whelmingly calamitous one to his family there. While at work at
St. Thomas, W. I., he was attacked by the Yellow Fever.
He was most faithfully cared for by his co-laborer in the con-
chological field, Robert Swift. But the grip of the fearful
rr}alady was too powerful to be loosed by any loving ministra-
tion. The strong, the courageous, the hopeful naturalist,
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yielded his life, dying January 18, 1853, aged thirty-nine
years.

Some time later a memorial stone, the appreciative gift of
scientific friends, was placed at his grave, the spot at which on
St. Thomas his body was buried. So in a way St. Thomas at
this early date was pre-empted to the United States, by the
deposit of the body of Professor Adams, and the erection of the
stone that stands sentinel at his dust.

In person Mr. Adams was not large but sturdy, his counte-
nance was that described as intellectual, his eyes large, black,
lustrous, his hair abundant and black, early showing of gray.
He was a good horseman, a strong swimmer. The sons recall
the incident of the father’s gathering the four small boys to-
gether at sunrise one summer morning for a stroll with him.
He led them a mile away across country to a creek, at the time
swollen to a torret from recent rains. But it seemed to invite
the professor who prepared himself for a plunge telling the
youngest, a mite of a boy, to do the same. Then leading him to
the brink, he, poising him for a moment in his hands, tossed
him far out into the current. ‘The little fellow did not cringe
or cry, was not afraid, for his father was there. Te floated
with his head well above the water and when swept down
stream- turned his eyes expectantly towards his father. The
father looking for a little at the wholly trusting boy, dashed
headlong into the stream, swam with vigorous strokes until he
reached the little waif, when turning his broad back to him,
told him to climb up and hold fast. Then such a ride as the
boy had! To and fro the strong swimmer went with his small
load to the joy of all the party and until the lesson ended.

In demeanor he was quiet and self contained, with a grave
cast of countenance. In physical endurance he was tough to a
degree, never suffering from lack of sleep, not knowing what
it was to be tired. Obstacles in his way he pushed aside, was
reckless in the matter of expenditures when such were needed
in accomplishing his work. He neither cared for nor feared
danger even when, as his friends knew, the peril was great.

An associate of Professor Adams speaks of him as a typical
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scientist, one who possessed a greed of collecting, a remark-
able power of classification, an ability to so marshall his indi-
viduals and groups that they gave expression to his thoughts.
He was diligent, methodical, a tremendous worker. For a
little he was brought in company with Agassiz, and one who
knew them both thinks, that in brilliancy of intellect he meas-
ured up equally with this world renowned naturalist.

In the classroom he had the fullest confidence of his stu-
dents. Chemistry and natural history were not then the hand
to hand sciences between teachers and scholars as today, but
the instruction he gave in these departments commanded the
careful attention of his listeners. While fast becoming a mas-
ter in his own realm his work and study were not bounded by
special science alone. He was alert to all that was going for-
ward in the world of thought, keeping abreast with the recent
discoveries that were at the time famous. His early scholar-
ship never deserted him and so in emergencies he would for the
time assume the chair of Greek or Latin, logic or moral sci-
ence, to the delight of his classes. The expression ““All round
scholar’’ found an exemplification in him.

Quiet humor, laconic speech, and the enjoyment of a happy
turn not unirequently enlivened his class experiences. One
or two incidents may show this. The college class of 1842 of
Middlebury never forgot one day’s exercise. The students, as
was the custom of those days, were called on in their turn to
recite.  When H. M., fleet of tongue but not always careful in
his preparation, was called, he went glibly with a long disquis-
ition that had no real relation to the assigned topic, and coming
to a halt, the professor quietly said <“Not correct.” Tacking,
he again tried his skill in improvising and at length coming to

arest he heard the same words «“Not correct.” The young man
at his wits’ end then impulsively exclaimed, ““Then I don’t
know anything about it.”’ “Correct, ’’ instantly, from the pro-

fessor; ¢“Next,”” and the recitation proceeded—proceeded as
well as the electrified condition of the class permitted.

Another incident that has gone into print, rather fantastic-
ally dressed, really belongs here. Some of Professor Adams’
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boys at Amherst College did, as they thought, a nice bit of wor]i<,
and it was well done. Taking the head of one insect, the mid
body of another and the hind body of a third they neatly joined
the fragments. Then bringing the triple monstrosity to the
professor they confessed their perplexity inregard to the class
and name of the object. The professor looked at it a moment
then remarked, ‘‘Gentlemen thisisa hum-bug.”’

The classroom and laboratory work at Middlebury college
must have been exacting yet he found time to make a complete
collection of the Mollusca of the state. And this was a small
portion of his outside work. The collections illustrating the
various branches of zoology in addition to geology and miner-
alogy, bear evidence of his swift and certain hand. He dupli-
cated and more than duplicated this work at Amherst.

Life was full of promise to himself, his family, and to the
scientific world. Near ten years of professional life had been
spent in connecticn with Middlebury college, and half that time
with Amherst. With slender help from without he was push-
ing his favorite study when attacked by the fatal malady,
which in comparatively early life took him from his chosen
field. Science lost a zealous, helpful promoter, when in the
early blooming of his powers the promise of great fruitage was
sadly and suddenly cut off.

To the family the loss was more than can be told. One son
had died in infancy. The wife, four sons and a daughter sur-
vived him. In 1839 Professor Adams had married Mary
Holmes, a woman of strong mental endowments and noble
character, the daughter of the Rev. Sylvester Holmes of New
Bedford, Mass., and to her care the young household of five
children was unexpectedly committed. How these children
were trained to honor their father and their father’s name, and
how they exhibited their loyalty to their country may Dbe
learned by a recital of their career. Two of his sons, Charles
Breck and Sylvester ITolmes, died in 1861, members of the
Union Army in the Civil war. One, Edward Hitchcock, served
twelve years in the navy during the latter part of the war of the
rebellion and the period of reconstruction that followed, and
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Henry, the fourth son, was in one of the hundred day regiments
made up of men called away from pressing business. And
later his grandson Charles Melbourne Atwood, son of his only
daughter, Mrs. Lillie Adams Atwood, gave his service and his
life in the recent Spanish-American war.

A portrait of Professor Adams, the gift of his son Henry,
appropriately honors the library of Amherst college. On the
shelves and in the cases of both colleges, Middlebury and Am-
herst, are abiding evidences of his work in the form of suites
of Vermont rocks collected during the state geological survey.
These with his mineralogical and zoological specimens stand
just now at the half century mark, as a memorial of the ability
and incessant activity of Professor Adams.

He was a member of many societies, chiefly the following:

Association of American Geologists, Boston Society of Na-
tural History, Philadelphia Academy of Natural Science, Ly-
ceum of Natural History of New York, American Academy of
Arts and Sciences, Natural History Society of Nuremburg
(Corresponding Member), Honorary Member of Jamaica So-
ciety.

It may not be possible now to obtain a complete list of the
publications of Professor Adams, nor can the date and order of
appearance be certainly indicated. The greater part, however,
will be comprehended under the following titles:

BiBLioGRAPHY.

First Annual Report of the Geology of Vermont, 1845.

SECOIld %3 13 13 43 “ [ 1846
Thlrd 113 %3 1 < ‘¢ %3 1847'
Fourth ‘¢ X < (4 13 (X 1848'

Contributions to Conchology. Numbers 1 to 10, 183g9-1851.

Stoastoma (Monograph.)

Citrinella (Monograph.)

Catalog of Mollusca. Middlebury, Vt. Am. Jour. of Sci.,
1841.

Catalog of Mollusca collected in Jamaica, W. 1.
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Catalog of Genera and Species of recent shells, Middlebury,
Vt.

Catalog of Professor Hovey’s Shells, Amherst college, Mass.

Catalog of Shells in Amherst college collection.

Elements of Geology. (In connection with Professor Alonzo
Gray.) Harper & Brothers, 1852,
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List of Works on the Geology of Vermont.

In the Third Report published in 1902 there will be found a
List with the above title. It is here republished because of
some important additions and corrections which have come to
the knowledge of the author since the former List was written.

Report and correspondence on the subject of a geological and
Topographical survey of the State of Vermont 1838 20 pp.

Natural history of Vermont, Z. Thompson, Burlington, pp.
222-224, 1842,

Appendix, pp. 14-20, 40-58, 1853.

First Annual Report on the Geology of the State of Vermont,
by C. B. Adams, State Geologist, Burlington, pp. g2, Figures
5, 1845.

Second Annual Report on the Geology of the State of Ver-
mont, by C. B. Adams, State Geologist, Burlington, pp. 267,
Figures 44, 1846.

JThird Annual Report on the Geology of Vermont, by C. B.
Adams, State Geologist, Burlington, pp. 32, 1847.

Fourth Annual Report on the Geological Survey of Vermont,
C. B. Adams, State Geologist, Burlington, pp. 8, 1848.

Geography and Geology of Vermont, 44, 45, 188, 189, Zadoc
Thompson, 1848.

Preliminary Report on the Natural History of the State of
Vermont, Augustus Young, State Naturalist, Burlington, pp.
88, 1856.

Report on the Geological Survey of the State of Vermont,
by Edward Hitchcock, State Geologist, Burlington, pp. 13,
1857.

Report on the Geological Survey of the State of Vermont,
by Edward Hitchcock, State Geologist, Burlington, pp. 13,
1858.

>
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Preliminary Report on the Geology of Vermont, by Edward
Hitchcock, State Geologist, Montpelier, pp. 16, 1859.

Trilobites of the Shales of the Hudson River Group, James
Hall. Twelfth Annual Report, Regents, N. Y., pp. 59-92,
1859.

Notes upon Trilobites of the Shales of the Hudson River
Group in the town of Georgia, Vt., James Hall, Thirteenth
Annual Report, Regents, N. Y., pp. 115-119, 1860.

Notes on the Geological Structure of Western Vermont, W.
B. Rogers, Boston Society Natural History, Vol. 2, pp. 287-
289, 1860.

Report on the Geology of Vermont, two volumes, quarto,
pp. 988, Plates 36, Figures 365, by Edward Hitchcock, Ed-
ward Hitchcock, Jr., Albert D. Hager, Charles H. Hitchcock,
Claremont, N. H., 1861.

On the Age of the Red Sandrock Formation of Vermont, E.
Billings, Am. Jour. Science, Vol. 32, pp. 232, 1861.

Letter to Mr. Joachim Barrande on the Taconic Rocks of
Vermont and Canada. Lower Taconic (Cambrian).— Jules
Marcou, 1862.

Calciferous Mica Schist, C. H. Hitchcock. Proceedings
Bost. Society Nat. Hist., Vol. VII, pPP. 327-329, 1862.

The Winooski Marble of Colchester, Vermont, C. H. Hitch-
cock. Proceedings Bost. Society Nat. Hist.,, Vol. 16, pp.
119, 1867.

Queries on the Red Sandrock of Vermont and its Relations,
J. B. Perry. Proceedings Bost. Society Nat. Hist., Vol. II,
PP. 341-353, 1868.

On Some Points in the Geology of Vermont, T. S. Ilunt.
Am, Jour. Science, Vol. 46, 2nd Series, p. 222, 1868.

Geology of Northern New England, C. H. Hitchcock, 1870.

Natural History of the Counties of Chittenden, Lamoille,
Franklin and Grand Isle, J. B. Perry. Vt. Hist. Gazateer, Vol.
1, Pp. 21-88, 1871.

Note on the Discovery of Fossils in the Winooski Marble at

S;Vanton, Vt. Am. Jour. Science, Vol. I1I, 3rd Serics, pp. 145,
Ioy2,
3
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Report of the State Geologist, II. A. Cutting, Report Ver-
mont Board of Agriculture, pp. 715-721, 1872.

Report of the State Geologist, H. A. Cutting, Report Ver-
mont Board of Agriculture, pp. 758-782, 1874.

Report of the State Geologist, H. A. Cutting, Report Ver-
mont Board Agriculture, pp. 663-686, 1376.

An Account of the Discoveries in Vermont of the Rev. A.
Wing, J. D. Dana. Am. Jour. Sci., Vol. XIII, 3rd Series, pp.
332-405, Vol. XIV, pp. 36, 1877.

Report of the State Geologist, H. A. Cutting, Report Ver-
mont Board of Agriculture, pp. 389-392, 1878.

Annual Report National Board of Health, p. 286, 1879.

Historical Account of the Taconic Question in Geology, T.
S. Hunt. Trans. Royal Society, Canada, Vol. I, p. 217,
1883.

The Cambrian Faunas of North America, C. D. Walcott,
Bull. U. S. G. S. 10, 1884.

Geological Sections across New Hampshire and Vermont,
C. H. Hitchcock. Bulletin Am. Mus. Nat. Hist. Vol. I, pp.
155-179, Plates 16-18, 1884.

The Marble Border of Western New FEngland, by Ezra
Brainerd and H. M. Seely. Proc. Middlebury Historical So-
ciety, Vol. I, Part II, 1885.

The Winooski Marble of Vermont, G. H. Perkins. Am.
Naturalist, Vol. XIX, pp. 128-133, 1883.

A new Genus of Chazy Sponges, H. M. Seely. Am. Jour.
Science, Vol. XXX, 3d Series, pp. 355-357, 1885.

The Genus Strephochetus, H. M. Seely. Amer. Jour. Sci.,
Vol. XXXII, 3d Series, pp. 31-34, 1886.

Studies on the Cambrian Faunas of N. A., C. D. Walcott.
Bulletin U. S. G. S. No. 30, 1886.

Notice of Geological Investigations alorg the eastern shore
of Lake Champlain, conducted by Ezra Brainerd and H. M.
Seely. Bulletin Am. Mus. Nat. Hist. Vol. 1, pp. 293-345,
1886.

Notes on the Samples of Iron Ore Collected in Northern
New England, XI1 Census, Vol. XV, pp. 79-99, 1886.
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Biennial Report State Geologist, G. W. Perry, House Jour-
nal, Appendix pp. 552-556, 1888.

The Original Chazy Rocks, Ezra Brainerd and H. M. Seely.
American Geologist, Vol. 11, pp. 323-330, 1338.

The Taconic of Georgia and the Report on the Geology of
Vermont, J. Marcou. Memoirs Bost. Soc. Nat. Hist., Vol.
IV, pp. 105-131, 1888.

The Taconic System of Emmons, C. D. Walcott. Am. Jour.
Science, Vol. XXXV, pp. 229-242, 307-327, 394-401, 1888.

Observations on Fossils from the Calciferous Sandrock of
Lake Champlain, R. P. Whitfield. Bulletin Am. Mus. Nat.
Hist., Vol. II, pp. 41-63, 1889.

The Calciferous Formation in the Champlain Valley, Ezra
Brainerd and H. M. Seely. Bulletin Am. Mus. Nat Hist.,
Vol. 111, pp. 1-27, 18g0.

Observations on the Fauna of the rocks at Fort Cassin, Vt.
R. P. Whitfield. Bulletin Am. Mus. Nat. Hist., Vol. 111, pp.
25-39, 1890.

Review of Dr. R. W, Ells Second Report on Geology of a
Portion of Province of Quebec; C. D. Walcott, Am. Jour. Sci.
Vol. XXXIX, 3rd Series, pp. 101-115, 18g0.

Biennial Report of State Geologist, G. W. Perry, House
Journal, Appendix, pp. 431-436, 18go0.

The Chazy Formation in the Champlain Valley, Ezra Brain-
erd and H. M. Seely. Bulletin Geological Society of America,
Vol. II, pp. 293-300, 1891.

On the Lower Cambrian Age of the Stockbridge Limestone
at Rutland, Vt., J. E. Wolf. Bulletin Geol. Soc. Am., Vol.
I, pp. 331-337, 1891.

Correlation Papers, Cambrian, C. D. Walcott. Bulletin U.
S. G. S. No. 81, pp. 95-113; 283; 310-311; 381, 1891.

On Plicated Cleavage Foliction, T. N. Dale. Am. Jour.
Sci. Vol. XLIII, 3rd Series, pp. 317-319, 1892.

An Ottrelite-bearing Phase of a Metamorphic Conglomerate
in the Green Mountains, C. L. Whittle. Am. Jour. Sci., Vol.
XLIV, 3rd Series, pp. 270-277, 1892.

On the Continuation of the Rensselaer Grit in Vermont, T.
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N. Dale, Thirteenth Annual Report U. S. G. S., Pt. II, pp.
337-340, 1894.

Trap Dikes of the Lake Champlain Region, J. F. Kemp.
Bulletin U. S. G. S., No. 107, 1894.

Structure of the Ridge between the Taconic and Green
Mountain Ranges in Vermont, T. N. Dale. Fourteenth An-
nual Report U. S. G. S., Part I, pp. 531-549, 1893.

Fossil Localities in the Early Palaeozoic, A. Foerste. Am.
Jour. Sci. Vol. XLLVI, 3rd Series, pp. 441-444, 1893.

Biennial Report of State Geologist, G. W. Perry. Reports
of State Officers, p. 8, 1893.

The Pleistocene History of the Champlain Valley, S. P.
Baldwin, American Geologist, Vol. XIII, pp. 170-184, 1894.

The General Structure of the Main Axis of the Green Moun-
tains, C. S. Whittle. Am. Jour. Sci., Vol. XLVII, 3rd Series,
PP. 347, 1894.

Biennial Report of the State Geologist, G. W. Perry. Re-
ports of State Officers, p. 8, 1894-5.

Algonkian Rocks in Vermont, C. S. Whittle, Journal of
Geology, Vol. 111, pp. 396-429, 1894.

Structural Details in the Green Mountains Region, T. N.
Dale. Sixteenth Annual Report U. S. G. S., pp. 543-570,
1895.

Precambrian Rocks in the Green Mountains, C. R. Van
Hise. Sixteenth Annual Report U.S. G. S., pp. 827-896, 1895.

Limestone Quarries of Eastern New York, Western Ver-
mont, Massachusetts and Connecticut. Seventeenth Annual
Report, U. S. G. S., Pt. ITI, pp. 795-811, 1896.

Reportion a Portion of the Province of Quebec, Pt. J. pp.
1-92, Geological Survey, Canada, New Series, VII, 139g6.

The Chazy of Lake Champlain, Ezra Brainerd and H. M.
Seely. Bulletin Am. Mus. Nat. Hist., Vol. VIII, pp. 305-315,
189g6.

Description of New Species of Silurian Fossils from near
Fort Cassin, Vt., and Elsewhere on Lake Champlain, R. P.
Whitfield. Bulletin Am. Mus. Nat. Hist., Vol. 1X, pp. 177-

184, 1897.
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Upper Ordovician Faunas in the Champlain Valley, T. G.
White. Bulletin Geol. Soc. America, Vol. X, pp. 452-462,
1898.

Slate Belt of Eastern New York and Western Vermont, T.
N. Dale. Nineteenth Annual Report U. S. G. S., Pt. I11, pp.
153-307, 1898.

The Washington Limestone in Vermont. Proceedings of
the American Association for the Advancement of Science.
Boston meeting. Vol. XLVII., p. 295. Dr. C. H. Richard-
son, 1898.

Report on the Marble, Slate and Granite Industries of Ver-
mont, by George H. Perkins, Rutland, pp. 68, Figures 23,
1898.

A study of Bird Mountain, Vermont, T. N. Dale. Twentieth
Annual Report U. S. G. S., Pt. Il pp. 15-23, 1899.

Notes on the occurrence of Asbestos in Lamoille County, Vt.,
J. F. Kemp. Min. Resources U. S. pp. 6-12, 1900.

Report of the State Geologist on the Mineral Resources of
Vermont, George H. Perkins, Burlington, 83, Figures 2q9,
1900.

Third Report of the State Geologist, G. H. Perkins, 1902.

Geology of Ascutney Mountain, R. A. Daly, Bulletin, U. S.
G. S. 209, 1903.
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Mineral Resources.

The very large sums of money invested in the mines, and
especially quarries, of Vermont is sufficient indication of their
importance. For twenty years the value of the product of the
quarries has steadily increased.

The total value of the principal products of Vermont quarries
in 1880 was $1,757,283; in 1890 it was $3,593,449 and in 1900
it was $4,516,102. Thus it will be seen that the value of the
stone product doubled in the decade from 1880 to 1890,
and that it was $1,000,000 greater in 1goo than in 18go.
In the two years from 1900 to 1902 the increase in the value of
these products exceeded 81,100,000, equal to the total gain 1n
the ten years from 18go to 1g90o0.

During the present year probably not less than $7,000,000
worth of stone has been quarried and sold. The amount in-
vested in this industry is at least $12,000,000; the number of
men employed being fully 10,000. There is also a considerable
quantity of other stone quarried in Vermont, including lime-
stone used in making lime-—soapstone, and limestone and
sandstone for building purposes.

The stone industry bas been very prosperous during the
year now drawing to a close. Quite a number of new marble,
granite and slate quarries have been opened and developed,
and new shops and mills, or additions to the old ones, have
been built in 1903. Extensive granite deposits have been de-
veloped in Barre, Hardwick and Bethel during the past twelve
months. Several new and extensive quarries of marble have
been opened in Rutland county. There has also been in-
creased activity in the slate industry in the Rutland county
slate belt and at Northfield. 1t is estimated that the produc-
tion of marble, granite and slate during the present year has
been increased from zo to 25 per cent. (according to the various
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estimates made) over the output in 1go2. This fact makes
1903 the banner year in this industry.

Vermont marble, granite and slate are sold not only in
America, but are sent to the most distant parts of the world,
so that there is probably not a civilized country in which Ver-
mont stone cannot be found.

BUILDING AND ORNAMEXNTAL STONE.

The accompanying map, Plate II, will be useful as it shows
the distribution of each of the principal building stones found
in the State and also copper.

7,
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GraNITE. As has been noticed in previous Reports, Granite
has become one of the most important products of the State,

Moreover the value and amount of Granite produced are in-
creasing with gratifying rapidity. Although the total capital
invested in the Marble business is greater yet there 1s a very
much larger number of companies, and of course, persons, in-
terested in granite. The distribution of granite in numerous
portions of the State may partly explain this, but the two in-
dustries have developed in somewhat different =wvays. The
great number of granite companies, those that are engaged in
either quarrying or working and finishing the stone is seen in
the fact that in and about Barre therc are this year, 1904, not
less than 160 firms engaged in this business. This includes,
besides those located at Barre, those at Montpelier, Northfield,
and Calais. At Hardwick and Woodbury, chiefly the former,
there are twenty seven, at Ryegate and Groton there are twenty
two, at Bethel, Dummerston and Newport there are also quarries
btz and cutting sheds. In all there are not less than two hundred
granite companies now in active operation in Vermont. Natur-
ally, some of these are not very large concerns, but most are

at least of respectable size and some of them are as large, if
not larger than any to be found elsewhere. As in past years,
blank forms were sent to each firm the address of which could
be obtained with the request that the inquiries given be ans-
Wwered as fully as possible and the form returned to the Geologist.

CHUS ETTS

AT OF Ve miont] clrone i i N voves o et o
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Although this request was made as courteously and urgently
as possible, only fifty out of the wholc¢ two hundred replied.
Obviously, it is not possible to make as creditable a showing
out of the statistics of fifty companies as it would be were

the reports of the entire number available. Still, as most of -

the large firms have reported fully, the totals are more nearly
representative of what is being donc than their number might
indicate. The fifty companies reporting have a total capital
of $2,350,800. They employ 2,243 men and the stone finished
and sold during 1903 amounted to $2,778,000. How much

should be added to the above figures in order thatthey include |

the many delinquent companies I cannot cstimate, but, as has
been noticed, all the larger companies are included and prob-
ably not more than twenty-five per cent., or at most fifty per
cent. of the above should be added to represent the nonreport-
ing firms. If we take the latter as nearest the truth, we find
that in the whole State there i1s invested in the granite business
not less than $3,525,000 and 3,364 men are cmployed, while
the total output reaches the sum ot $4,167,000. These figures
are much larger than these given by the U. S. Geological Sur-
vey in ““Mineral Resources of the United States’ for 1goz, but
they are based upon the figures received directly from the
various firms and are more accurate. It is greatly to be re-
gretted that more of the companies do not see the importance
of attending to the circulars sent out by the Geologist since
their sole design is to accumulate material which can be used
for the advantage of the State.

According to the figures of the U. S. Geological Survey,
Vermont is first in the production of the finer kinds of granite,
such as are used for monuments and carved work, while Massa-
chusetts and Maine furnish a larger amount of building and
paving material, so much larger that their total amount is in
each case greater than that of Vermont. However, if the
figures I have given are anywhere nearly correct, and I belicve
that they are, Vermont considerably exceeds thesce other
states in the amount of granite sold. Until within two or
three years Vermont has not supplied a large amount of build-
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ing stone, but during these last two years, there has been a
large increase in this part of the business. The Woodbury
Granite Company alone sent four hundred car loads to Chicago
for a single building and are now furnishing a much larger
quantity for the new Pennsylvania Capitol, while the Union
station at Washington is to be built of the white granite quar-
ried at Bethel.

As would be expected from its wide distribution, the Ver-
mont granite varies greatly in shade, texture, hardness and
other qualities. It is all gray. varying from the white of Barre
or Bethel to Barre dark which is probably the hardest and
finest in texture of all.

There is no red granite in the state. So far as quantity is
concerned, Vermont hills contain enough granite to supply the
world for a very long time. Of course individual quarries may
give out, but the general supply is practically inexhaustible.
Many of the largest quarries are only just beginning to get at
their best stock and some have not yet reached it. In strength,
durability, brightness of color, elegance when polished or
carved, it is certainly unexcelled. Most of the Vermont
granite contains very little iron and therefore it remains clear
and unstained when exposed to the weather. The difference in
the shades of gray found in granite from different localities or
difierent layers in the same quarry, is mainly due to the greater
or less amount of black mica, though there is a difference in the
color of the feldspar, this being bluish in the dark and white in
the light granites. In most of our granites the mica is of the
two species, biotite and muscovite. The granite is mostly,
and probably wholly, of igneous origin and almost always is
found in masses which form elevations of greater or less
height. On this account most of the quarries are on hillsides
or often the hill is a small mountain. The illustrations show
the character of typical quarries. Most of the quarries are
‘‘open face’’ and none is deep. Most of the large quarries have
branch railroads running into them or along side so that blocks
can be swung from their place in the quarry around to waiting
cars and are thus loaded. Thus the Barre R. R. extends from
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the tracks of the Cent. Vt. and Montpelier and Wells River R. R.
at Barre to over sixty quarries on Millstone Hill and the adja-
cent region, going near over a hundred derricks. It is, with
its branches, thirty miles long. It rises over a thousand feet
from Barre to the quarries on Millstone Hill. At Hardwick there
i1 a branch road which runs from the St. Johnsbury and Lake
Champlain R. R. six miles to Woodbury and there enters the
great quarry of the Woodbury Granite Company at three levels,
In fact a railroad into or at least alongside of the quarry is a
necessity if any large business is to be gained. Not that the
old method of transporting stone by teams is yet superseded,
for many tons of stone are annually moved in this way, but where
possible the railroad takes the place of the team. The princi-
pal granite centers of the State are as follows:

Barre.—There is, I presume, nowhere a locality in which inan
area of equal extent so much first class granite is produced as
at Barre, or near it, rather, for there are no quarries at Barre.
They are four or five miles away and some of them farther.
The sketch map, Figure I, shows this and Plate III shows
Millstone Hill on which many of the quarries are located. For
a comprehensive and scientific report on the Barre granite area
the reader is referred to the chapter published in the last, third,
report, byMr. G. I. Finley. There are probably not less than a
hundred quarries in and about Millstone Hill. These are own-
ed or worked by about thil:ty five different firms. From the
quarries the stock which is sold in the rough, as a considerable
amount usually is, can be shipped directly to any part of the
country. That which is to be cut is taken to the various
“Sheds’’ where it is wrought into whatever form may be desir-
ed. Some of the companies own both quarry and cutting plant,
but by far the larger number of the latter carry on no quarry,
but buy their rough stock as needed. There are now seventy
quarries worked in the immediate vicinity of Millstone Hill in
which at least fifteen hundren men are employed. Some of the
large quarries cover a half dozen acres or more. In most the
granite is so located and the beds of such shape that sheets or
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shafts of any size which can be handled can readily be gotten
out. The only limit appears to be that of the machinery nec-
essary to move and transport the masses of stone. Some very
large pieces have already been taken out and placed in distant
Jocalities after suitable working and there are derricks that can

[ Jsemst. STy emanire,

Fi16. 1. Sketch Map of Vicinity of Barre, Vi. Scale 1—125,000.
Drawn by G. I, Fisray.

handle blocks weighing eighty tons. Plates IV, V, VI, VII,
show some of these quarries. The granite in the Barre region is
of three distinct shades of gray, with, of course, numerous sub
shades. These are known in trade as Barre dark, Barre medi-
um and Barre light. As a rule the dark is the best stone, being
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harder and finer in grain and it sells for the highest price, usu-
ally about 25 per cent. more than the next grade. This is es-
pecially because of its value for monuments. It may not be
any better for building purposes than some of the cheaper
grades. The ‘“medium’ is an excellent and very handsome
stone and so is the *“light’” which is listed about 20 per cent.
less than the medium. These prices may very likely be chang-
ed as the demand for the lighter granite for building increases
as seems likely. As those who have seen monuments which
have been cut from Barre granite or, best of all perhaps, the
beautiful Burns monument at Barre, will agree the stone is ca-
pable of receiving the finest work of carver and polisher. Or-
iginally the stone was used only for foundations and for mill
stones. Millstone Hill takes its name from the fact that in ear-
ly days stones, which were considered excellent for the purpose,
were quarried for use in the grist mills of the State, From a
booklet printed to accompany the exhibit of Barre granite at
St. Louis I quote a few paragraphs which are instructive.

“In 1881, according to the statistics of the Vermont Regis-
ter, the population of the entire town was 2060, now that of

e city alone is fully 10,000. At that time only 50 granite
cutters were employed by half a dozen companies, now there
are thirty five times that number of artisans and more than 100
firms in the business. The granite works have an aggregate
floor space of 550,000 square feet, Seventy five derricks reach
over an area of fifteen acres. The number of lathes, column
cutters, and polishing machines in operation is 250. If all the
plants in the city engaged in finishing granite could be com-
bined into one manufacturing center they would occupy a tract
of land one hundred acres in extent. The total number of men
directly or indirectly connected with the business in Barre and
vicinity is about five thousand and the average monthiy pay
roll is $350,000. Several companies have been organized for
the manufacture of the tools and machinery required in granite
work."’

Lists are not usually very interesting nor profitable
reading and it is with some hesitation that I introduce lists of
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he firms engaged in the stone business in Vermont. My rea-
son for occupying space with mere lists is found in the fact
that for several years and especially during the last two, this
office has been frequently asked for just such as are here given.
These requests are not only numerous, but they have come
_::%l‘l parts of the land and this is an indication of the increas-
g interest which the people of the whole country are taking
Vermont granite, marble and slate. Any corrections or ad-
ditions to the lists given in this Report will be gladly received
by the Geologist. Great pains have been taken to secure full-
ness and accuracy, but there are numerous chances of error.
For much valuable assistance in compiling the list given below
1 am indebted to Mr. William Barclay Jr. Secretary of the
Barre Granite Manufacturers Association. The list is intended
to include all who are engaged in any sort of granite business.
Those marked (). own or manage Quarries, the rest manufac-
ture the rough stock.
List of firms quarrying or manufacturing granite in and about

Barre:

American Granite Co.,Montpelier. Brown, John & Co., Barre.

‘Adie & Milne, Barre. Bugbee & Alexander, Barre.
‘Allen & Newcombe, Barre. Burke Brothers, Barre.

Abbiati, E. Barre. Canton Brothers, Barre. Q. |
Barclay Brothers, Barre. Q. Capitol Granite Co., Montpelier. Q,

Barclay, Andrew 8. Co., Barre. Carrle, E. W. Barre.
Barney, Auguste Websterville. Q. Carroll & McNulty, Barre.

:fglﬂ'e“G-ra.nite Co., Barre. Q. Carusi, E. A. Barre.
Bm‘te White Granite Co., Barre. Q. Clarihew & Gray, Barre.
Barre Quarry Co., Barre. Q. Coburn & Trail, Barre.
~ Bartoi, H. 7. Montpelier. Cole, W. & Sons Barre.
-:B_egk & Beck, Barre. Comolli & Co., Barre.
Bedara, Joseph Websterville, Corskie, J. P. & Son Barre.
Bessey Granite Co., Barre. Craven, E. E. & Co., Montpelier.
Bianchi, Joseph East Barre. D. B, L. Granite Co., East Barre.

Bianchi Granite Co.. Montpelier. Davis Brothers, West Berlin.
Bianchi, Chas., & Son, East Barre. Densmore, C. D. East Barre.

}g?bdeau. 8. O. & Co., Barre. Dewey Col. Cutting W'ks, Barre.
"_B?‘_'d'l'AJex. & Sons Barre. Dillon & Haley, Montpelier.
4 ;-B"ﬂdr G. E. Barre. Dineen and Co., Barre.

Bond & Whitcomb, Barre. Q. Doucette Brothers, Montpelier,

Anderson & Sons, Barre. Q. Boutwell, Jas. M. Montpelier. Q. gy

»
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Eclat Granite Co., Barre.

Eagan, T. W. Montpelier.

Fimslie & McLeod Co., Barre.

Frazer, R. M. Montpelier.

Frazier & Parkman, Montpelier.

Giudici Brothers & Co., Barre.

Gill, C. P. & Co., Montpelier.

Globe Granite Co., Montpelier,

Glysson, Eugene Barre.

Grearson-Beckett Co.,
town.

Gillander & Keough, Montpelier.

Hall, John S. Montpelier.

Harrison Granite Co., Barre.

Hill, Felix A. Montpelier.

Hopkins, Huntington & Co., Barre.

Hoyt & Liebourveau, Barre.

Imlah & Co., Barre.

Jones Brothers, Barre, Q.

Jones, A. 8. Barre.

Jurras, J. & Co., Montpelier.

Kane,P.T'. Granite Co.,Montpelier

Kidder, W. D. Barre.

Langfield Granite Co., Barre.

LeBarron, W. J. J. Barre.

Leland & Hall Co., Barre.

Littlejohn & Milne, Barre, Q.

Liynch Brothers, Montpelier, O.

Libersont,Innes & Cruickshank, Q.

McCann & Maroni, Montpelier.

MecDonald & Buchan, Barre,

McDonald, Cutler & Co., Barre, Q.

MeDonnell & Sons, Barre.

McGee, William, Barre.

Melver & Matheson, Barre, Q.

McMillan, C. W. & Son, Barre.

McMinn, J. & Sons, Barre.

Macchi, Z. Barre.

Manufacturers QuarryingCo.,Bar-
re, Q.

Marciasi & Mortimer, Barre.

Marr & Gordon, Barre.

Marr, Alex & Sons, Fast Barre, Q.

Marrion, J. T. Barre.

Martell Brothers, Barre.

Williams-

VERMONT
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Martinson, John & Co., Barre.
Melcher & Hadley, Barre.

Mills & Co., Montpelier.

Milne, Clarihew & Gray, Barre.
Milne & Odgers, Barre.

More, C. H. & Co., Barre,

Moore Brothers & Brault, Barre.
Mortimer & Campbell, Barre.
Murry, J. F. Barre.

Mutch & Calder, Barre.

Noonan Brothers, Barre,

North Barre Granite Co., Barre.
Novelli Calcagni, Barre.

Oliver & Co,, Barre.

Operative Granite Co., Barre.
Oshorne & Son, Graniteville, O,
Patch & Co., Montpelier, Q.
Pecue Brothers, Montpelier,
Peduzzi, Bonazzi & Co., Montpelier.
Pellegata, Magnaghi & Galli, Barre.
Pioneer Granite Co., Montpelier.
Pirie, J. K. Graniteville, Q.
Prospect Granite Co., Barre, O.
Provost & Bussierre, Gouldsville,
Pruneau & Giguere, Websterville,Q
Rae, Jas. & Son, Barre.
Reinhalter, J. B. & Co.; Barre.
Rizzi Brothers, Barre.

Rizzi, L. G. Barre.

Robins Brothers, Barre,

Ross, Clifford & Co., Fast Barre.
Ryle & McCormick Co., Montpelier,
Scott Brothers, Barre.

Sector, James & Co., Barre.
Sibley, Clark, Fast Montpelier, Q.
Smith, E. L, & Co., Barre, Q.
Smith Brothers, Barre.

Standard Granite Co., Barre, Q.
Stephen & Gerrard, Barre.
Straiton, Geo. Barre.

Sunnyside Granite Co., Barre, Q.
Sullivan, Fugene Barre.

Sullivan, Tucker & Co., East Barre.
Summers & Co., Barre.

Swasey & Co., Barre.

Granite Quarry, Barre, MeDonald, Cutter & Co.
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Sweeny Brothers, Montpelier. Wells, Lamson & Co., Barre. Q.
Tayntor, C. F. & Co., Barre. Wetmore & Morse Granite Co.,
Theriault, Paul & Son Mont- Montpelier.

pelier. Q. Williams D. R. & Co., Barre.
Thom, Clark & Co., Barre. Wilson Brothers Granite Co.,Barre.

Vermont Granite Co., Barre. Q. Young Brothers Barre.
Walker, Geo. & Sons, Barre.

List of firms manufacturing granite in Northfield:
Brusa, P. & Co., Northfield. Devine & Burns, Northfield.
Cannon & Slack Co., Northfield. FEllis, E. B. Northfield. Q.
Cross Brothers, Northfield.

GROTON,

About twelve miles north east of Millstone Hill, at
Groton there are several masses of granite. Pine mountain is
a low elevation mostly of this material and west of this is a large
quarry known as the Weber Quarry where active operations
have been carried on for some years. There are also several
cutting sheds near the Wells River R. R.  The Weber Quarry
is the only one in this neighborhood which has been extensively
worked and it is well equipped with channelling machines and
other appliances for getting out the stone. The quarries on
Pine Mountain have been worked somewhat and some very good
stone taken out. There are two quarries in which the granite
is of a more bluish shade than common and of good quality in
the best blocks. At its best, so far as I can judge, this stone is
equal to any other, but in some of the layers there are frequent-
ly what the quarrymen call <‘knots’’ that is, dark spots caused

by an accumulation of dark mica, which spoil the stone for nice
work.

Through the kindness of Mr. H. W. Goodine of The Blue
Mountain Quarries I am able to give the following revised lists
of the granite workers of Groton and South Ryegate.

The following were in business at the beginning of the pres-
ent year in Groton.

M. T Benzie & Co., Cutting Plant, Hosmer Brothers Cutting Plant,

C. L. Booth, Cutting Plant, McRae, Benzie & Co., Cutting

W. R. Carbee, Cutting Plant, Plant andQuarry,

G. K. Coruth, Cutting Plant, Pine Mountain Granite Co., Cut-
B.J. Darling, Quarry, ting Plant and Quarries,

Donaid Fraser, Cutting Plant, W. J. Stevens, Cutting Plant.
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SoutrH RvyeGATE.—A few miles farther north east is South
Ryegate where there is a granite elevation known as Blue Moun-
tain. At this place there are six quarries, all of them worked to
some extent. They are all sheet quarries and are on the south
side of Blue Mountain. The stone is light colored and rather
coarse grained. On this account it is not much used for monu-
ments, but makes good material for bases, foundations and
building. A great drawback here, as at Pine Mountain, is the
distance from railroad. The latter quarries are nearly two
miles and the Blue Mountain three from the nearest station.
The South Ryegate quarries are shallow, but of considerable
extent. ¢

Plate VILI shows Blue Mountain Quarry.

There are at present the following firms engaged in the gran-
ite business at South Ryegate:

A. Anderson, Cutting works, D. A. Morrison & Co., Quarry,

Blue Mountain Granite Works, Joseph D. Rabaioli, Cutting works:
Quarry and Works, George Roben, Cutting works,

James Craigie, Cutting Works, Rosa Brothers, Cutting works,

T. D. Gray, Cutting Works, Ryegate Granite works Co.,Quarry,

M. F. McDonald, Cutting Works, and works.
Edward Metcalf, Cutting Works,

Woobsury and Harpwick.—The stone known as Hardwick
granite is nearly all of it quarried at Woodbury, there being only
a few and comparatively small quarries in Hardwick, The stone
quarried in Woodbury is, however, mostly cut in Hardwick the
adjoining town on the west and that from which all must be
shipped as it alone is on the main line of railroad. The guar-
ries are about six miles from the Hardwick sheds, but there is a
railroad from the line of the St. Johnsbury and Lake Cham-
plain road at Hardwick to the large quarries of the Woodbury
Granite Company. The road is largely owned by this Com-
pany and with its branches is twelve miles long. Prior to 1896
the granite business of this locality did not amount to very much,
but it has developed with great rapidity during the last three
years and now the plant of the Woodbury Granite Company is
not exceeded in size or equipment by any in the world if it is

Prate VIIL

Biue Mountain Granite Quarry, South Ryegate.
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equalled by any. The quarry from which this Company ob-
tains most of its stock (Plate IX) is also one of the largest.
It is on the eastern side of a considerable elevation and the
quarry has cut off the face of this part of the hill so that a solid
face of granite, of wonderfully uniform color and texture, three
hundred feet high is exposed. The beds extend for many rods
north and south and all in all, this is one of the finest quar-
ries to be found. The stone is “medium’ in shade. It is es-
pecially adapted for use as a building stone as it is not as hard
as the Barre and hence can be more cheaply worked. Like
nearly all Vermont granite, it contains little or no iron and is
unaffected by weather and therefore retains its bright, clear ap-
pearance through long and severe exposure. From this Quarry
was taken the stone from which the Rock Island R. R. Station
at Chicago was built recently and there is now great activity in
getting out the granite for the new Pennsylvania State House
at Harrisburg. This Company cut all their own work and also
work a quarry in the light granite at Bethel. While this quarry
is larger than any other in this region it is not thc only one.
Immediately above it on the top of the hill is a fine quarry own-
ed and worked by E. R. Fletcher (Plate X). As would be
expected this furnishes substantially the same sort of stone
as the Woodbury Company’s Quarry as both are in the same
granite mass. Mr. Fletcher also has sheds at Woodbury.

The pedestal of the Sherman monument in Washington was
taken from this quarry. This has reccived very high commen-
dation for the quality of the stone and its beauty. These are the
only quarries at present worked in this locality so far as T have
reports.

Through the kindness of Mr. G. H. Bickford, manager of the
Woodbury Granite Co., I am able to give the following list of
Granite Companies doing business in Hardwick and Woodbury.

Harpwick, V. T. T. Daniels,
Hardwick Polishing Co., E. R. Fletcher,
F. A. Emerson, E. R. Murch,
R. Brodie, Wimn. B. Donald,
Union Granite Co., Stewart Granite Works.
Ross & Imlah, Vavola & Co..

4
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ored so that in trade it is called white and in this it much resem-
bles the “Barre White'’ but it is much harder and probably a
better building stone. When polished it shows the numerous little
dark blotches or spots caused by dark mica seen in any granite,
though these are always very light, but when cut or carved it is
very white though not pure white. It can be carved to almost
any extent and when so treated is an exceedingly handsome stone.

As to that, it is handsome however treated and seems sure to
be in great demand as a building stone since it has the hardness
and durability of granite combined with the lightness of marble,
The deposit has not yet been worked sufficiently to show how
extensive it is, but no one can visit the locality and have any
doubt that the supply is enormous. For the most part in both
the quarries now opened the stone is in rather thin layers, that
is, from 12 to 18 inches thick, though there are much thicker lay-
ers, The Ellis quarry is now uncovered over, I should
judge, five or six acres. The surface soil is nowhere very thick
and is easily removed. This quarry faces the south east while
above on the other slope of a depression is the Woodbury Com-
pany's quarry, and still farther up there is on top of the hill a
new quarry being opened by the Ellis Co. There certainly are
many reasons for believing that Bethel is soon to become a large
producer of granite.

DummersToN,—In the south eastern part of the State about
four miles from Brattleboro in the town of Dummerston there is
a large granite quarry worked by the George E. Lyon Com-
pany. Both light and dark stone is found in this quarry which
is well equipped with all modern appliances. As the quarry is
near the track of a branch line of the Central Vermont R. R.,
the stone is conveyed to the cars by an overhead trolley which
can carry a load of twenty tons, The company owns two hun-
dred and fifty acres of quarry land. There are a hundred men
employed at this quarry.

NEewporr,—During the present year a company has been
formed to operate a quarry in Derby with offices at Newport
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and Albany, N. Y. The work is being energetically started
and good results may be expected. The firm name is Newport
Granite Company.

Winpsor.—What is known in trade as ‘““Windsor Green
Granite’” is a syenite which is quarried on the eastern side of
Ascutney Mountain. A considerable amount of stone has been
taken out here at one time and another. The finest blocks are
now in the Library of Columbia University where there are six-
teen columns, each 314 feet in diameter and 28 feet long. In
the bank of Montreal, there have recently been placed thirty
eight similar columns and in the new building of the Boston
Journal much of this stone has been used, highly polished. In
Bulletin No. 209 of the United States Geological Survey, which
is on The Geology of Ascutney Mountain, I find the following
statements which I quote somewhat at length as they are not
only the latest, but the most valuable discussion of the rocks of
the region ever published. The Bulletin is by Mr. R. A. Daly
and is well worth careful study by any one who wishes a tech-
nical description of the Ascutney region. ¢“The only quarry that
has been worked in the Ascutney area is situated within a few
hundred feet of the contact with the schists in the first of the
phases of the main syenite. -Various attempts have been made
to use this stone for monuments and for ornamental purposes
generally. The rock, as represented in the quarry, is a hand-
some dark green syenite, in this place characterized by medi-
um to coarse grain and a typical eugranitic structure, else-
where this phase grades into one possessing a trachytic struc-
ture. It is a syenite with variable amounts of free quartz and a
low percentage of colored constituents. Primary veins or flow
streaks are common; they are usually finer grained than the
average rock and are even more poorly provided with bisili-
cates. In addition to the feldspars and accessory quartz, the
list of minerals includes in order of their abundance, a horn-
blende, biotite, a pyroxene, allanite, titaniferous magnetite, apa-
tite, pyrite, zircon, monazite, and a lime iron garnet.

The order of their crystallization seems to have been as fol-
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lows, apatite, zircon [magnetite, pyrite, garnet| [monazite
and allanite] [augite, hornblende and biotite] oligoclase, al-
kaline feldspars, quartz.

Tur FeLpspars,.—The constituents which determine the
structure, texture and color of the syenite are the feldspars.
Of these microperthite is by far the most abundant and with it
are associated orthoclase, soda orthoclase, microcline, and a
plagioclase. There is no observable difference in the micros-
copic habit of these feldspars, and it was only by a careful study
of sections and rock powder that all the species could be deter-
mined. All of them are undoubtedly the product of primary
crystalization. The microperthite is especially interesting on
account of its typical development.

The pure potash feldspar is comparatively rare. It occurs
as orthoclase and as microline, both contemporaneous with the
microperthite in their period of crystallization. The plagioc-
lase is no more than accessory. One of the most remarkable
properties of this rock consists of the unstable character of its
color. When broken out of the quarry a fresh specimen is uni-
formly, on the surface of the fracture, a light bluish gray. In
the course of twenty four hours, under atmospheric conditions,
this tint changes to one with a greenish tinge, and after expos-
ure to the air for about thirty days it has become a deep brown-
ish green. This green color is in its turn lost when the rock
has suffered more pronounced weathering after many years ex-
posure. The final change gives the familiar yellows and brown
of a decomposed ferruginous rock. Examination quickly show-
ed that the color change of the rock was conditioned by the
feldspar and that it is altogether a superficial phenomenon, tak-
ing place only where the air has access to the mineral. The
probable explanation of the color change is found in the oxida-
tion of the ferrous oxide of the feldspars to the ferric, thus giv-
ing a yellow which in combination with the fundamental blue
gray of the under layers of the crystal substance, affords the
green of the altered surface.

HorxprLExpeE,—The next most important constituent of the



RS T A0) PALIINND S¥ AVURAS JO A0

TIX ALY



‘Auedmo) AUANIRINUE N UL
TAURID PRIMIDIA() JO PU] JBAL) JO MALA [RIdUAL)

TIIX HL¥'Td



Prare X1V.

Overhead Crane—end yview L

T

wane Manufacturi ng Company.

REPORT OF THE VERMONT STATE GEOLOGIST. 39

Green Granite Co., but lately it has been managed by Norcross
Brothers.

It should be added to what Mr. Daly has written as to the
change of color to which the stone is liable that this should be
understood as referring to pieces exposed to outside conditions.
As a material for inside work it is not to be set aside since in-
doors it does not change, at least appreciably, and for some pur-
poses it is very desirable as it is unlike other stone in color and
takes a very fine polish.

Formerly granite has been quarried at Kirby where there is
said to be a large mass of the stone, but at present no work is
being done.

METHODS OF WORKING GRANITE.

Granite quarries and cutting plants usually called
“sheds’’ are managed in a wholly different manner from
that which prevailed a few years ago, and those who have not
lately visited these plants have little idea of modern methods of
treating the stone. The invention and intreduction of pneuma-
tic tools has revolutionized quarrying and all the various pro-
cesses through which a finished piece of stone must pass. It is
qiute a revelation to a novice to hear of sawing, turning, plan-
ing, or carving so hard a material as if it were wood. All this
has very materially reduced the cost of production and made
possible structures that formerly were unattainable.

In any important piece of work plans are drawn before the
stone is disturbed in its original bed in the quarry. When it
has been fully ascertained what sort and what size is wanted
the block is quarried accordingly and at once numbered and by
this number it is known until it reaches its final destination.
Not only are drawings made, but if there is to be any carving or
moulding, patterns of the exact shape and size needed are made
and when the block reaches the cutting shed all is ready for
each workman to go forward with his special part. In detach-
ing the block, or slab, as the case may be, from the quarry the
old hand drill may be used, but in a large up to date quarry the
drilling will be done by compressed air or, less commonly, by
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steam. Plate XI shows pneumatic drills at work. Plate XIT
shows a block which is to be cut into a shaft as it is split from
the quarry mass. Channelling machines are far less common
in granite quarries than in marble, but they are sometimes used,
The pneumatic drill is much lighter than that moved by steam
and therefore preferable in most cases. Such a drill can sm];l
a hole five eighths of an inch in diameter and a foot deep in
about two minutes. Where possible the block is disengaged
without blasting, by drilling a large number of small holes and
driving in wedges. This is shown on Plate XI. When the
block reaches the cutting shed it is taken from the car either
by a derrick or by an overhead crane. The older granite sheds
were built in a circular or polynodal form in order that a
derrick in the center might be able to swing stone to one or
another part as needed, but the overhead crane has changed this
so that the new sheds are all built long and rectangular and a
track runs on the ground for the railroad cars and another track
overhead carries the crane, Plates XIII and XIV. It should
be noticed, for the benefit of those who do not live in granite
regions, that the term shed does not necessarily mean a mere
opén or partly open structure, but it isin the parlance of granite
menany building in which the stone is worked. Most of these
so called ¢‘sheds’ are very substantial structures and some of
the new very comfortable the year through. Plate XV shows
the interior of a granite shed. This view gives a very good idea
of a typical shed. The traveling crane is seen overhead just
beyond the middle of the picture. j

The quarried block having been transported from the quarry
to the cutting establishment is there subjected to one or another
process as it is to be used as a block or in thin slabs or in col-
umns or whatever is desired. Ifit is to be used as a large piece
it may be put under a McDonald stone dresser by which a very
rough surface is rapidly made smooth. This is a very powerful
machine, the cutting being done by two revolving series of bev-
elled discs of hard steel. By these the stone is cut down
over a large surface 34 of an inch at every stroke, More com-
monly a piece of stone is put under a “‘surfacer” which is less

]






PraTe XVI.

Pnenmatic Surfacers at Work on Granite,

Courtesy of H. G. Kotten.
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costly and, for all except large work, sufficient. A common
form of this machine, for the illustration of which I am indebted

to Mr. H. G. Kotten maker,is shown in Plate XVI. The

power is compressed air and, as may be seen in the illustration,

25 =
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Fia. IL.
Kotten Surfacing Machine. 3. 4, 5, Different forms of Chisels.

moved from block to

block as needed. The text figure (Fig. II.) shows more in de-
tail the structure of a surfacing machine.

the machine is so made that it can be
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It is claimed that one of these surfacing machines will do as
much work in a day as could be accomplished by ten to fifteen
men. The method by which the machine works may be under-
stood by noticing the cylinder which the workman is directing,
In this a chisel, or more often several, is rapidly moved up and
down, the down stroke having great force, a pressure of go 1bs.
being used. A good machine can cut off from three fourths of
an inch to an inch and-a half, as the stone is hard or less hard,
over a surface of from sixty to a hundred square inches per hour,
The stone dresser being a very costly machine is used only in
the largest establishments, but some sort of surfacer is used in all.

If instead of a block or thick piece, thinner are wanted, then
instead of the surfacer the gang saws are used, as in Plate XVII,
loaned by Messers. Patch & Co., of Rutland. In sawing marble
smooth saws abundantly supplied with sand and water are used,
but in sawing the harder granite this is not sufficient. At the
Woodbury works the saws have peculiar and very coarse teeth,
while at the Barre works | saw only smooth saws and the differ-
ence is said to be due to the greater hardness of the Barre
stone. As in other stone sawing, plenty of water is used,
streams continually flowing over the block, but no sand is used.
Instead, chilled steel shot is supplied in large quantity and these
little shot, which, as they are shovelled over the blocks, look like
black sand, moved back and forth by the blades of the gang, cut
through the hard stone at the rate of two or three inches an
hour. '

As machinery is perfected and more costly work is done on
buildings or mausoleums the amount of carving increases and it
is very interesting to find that elaborate patterns can be done by
machinery, though the machine cannot do it all, the skilled
workman must guide it. Still the pneumatic tools do save a
great deal of labor and thus enable the workman to do far more
and usually do it better, than if done wholly by hand. For
any elaborate pattern the carver is furnished with a full sized
model in staff. It will be seen that in all the pneumatic tools
the workman does not strike any blows as formerly, but gives
his whole attention to directing the cutting tool.
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Prare X1x,

Cavacchi Pneumatic P

olishing Machine.
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If a surface on block or slab is to be polished this is done, no
longer, tediously, by hand, but some sort of polishing machine is

used. Plate XVIII shows one form quite commonly used. The
polishing is done by the disc at the left end of the figure and the

" whole is guided by the loop justaboveit. A pneumatic polish-

er has been invented by Mr. Cavacchi, of Barre, which is shown
in Plate XIX which he has loaned. As may be seen, this machine
uses no belting and is run by compressed air. Columns are
worked out by hand in a rough form and then put into a lathe
and turned. The lathes used are not unlike those used for turn-
ing wood, but the cutting tool is very different. Instead of a
chisel a revolving steel disk with bevelled edge is used and the
stone is partly cut and partly pressed off as the turnings are not
fine powder, but quite large flakes, some of them as large as a
silver fifty cent piece. The surface left however is smooth.
Very large columns can thus be turned. I saw at the Wood-
bury Company’s works a lathe which was turning one of twenty-
two columns each a single piece, and each when finished to be
twenty-nine feet long and three feet six inches in diameter and
weighing twenty eight tons. The lathe on which these were being
turned was one of the largest ever constructed and was capable
of turning a column thirty two feet long and six feet in diam-
eter.

The blacksmith shop is a part of a granite working establish-
ment that is not usually thought of and yet it is absolutely

- essential. A moment’s thought suffices to convince one that any

tools that can be made must soon get so dull as to be useless when
working on granite. And yet few realize how soon a tool is put
out of use. On the average hand chisels can be used only from
three to five minutes before they need resharpening. Hence each
workman must be supplied with fifteen or twenty fresh tools each
hour he works, Hammers, bushing tools and the like last some-
what longer, but sooner or later, and generally sooner, all tools
must be made over. This means not merely grinding, but heating,
forging and retempering, and finally in some cases grinding.
Therefore there must be a force of skilled blacksmiths at hand
in every stone working plant. As a rule one blacksmith can
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sharpen for fourteen men so that in the large works twenty or %
: ; i Prare XX,
thirty men are constantly at work sharpening tools.

At the works of Barclay Brothers in Barre, [ saw a very inter-
esting machine, the second ever made, I believe, which did much
of the work of the tool sharpener and with two attendants was
able to do as much as five men could do, In this, the Pirie Tool
Sharpening Machine, the tools are laid side by side, on a moving
carrier which”takés them slowly through an oil furnace where 4
they are h_,e(tJtcd as desired, the degree of heat being regulated

at will., “As the tools emerge from the furnace they are passed
one by  one under a sort of triphammer die which shapes them
ang then if necessary they are ground between emery wheels
and finally dropped into a brine tempering bath which is on
another carrying belt and by this they are taken under a stream of
cold water and finally dropped into a box ready for use. - At the
Barclay Works this machine has sharpened for seventy cutters and
had an hour to spare in the day.

The above brief account of methods of granite working has
been compiled from an inspection of the works of the Woodbury &
‘Granite Company, Barclay Brothers and Jones Brothers. For
information as to different machines, I am indebted to Mr. J. L.
Sargent of the first named works and to Mr. William Barclay, Jr.

As shown by the map, Plate II, the deposits of marble in Ver-
mont are confined to a small area, which is mostly in Rutland
county though extending a short distance north and south of it.
Besides this area of true marble there is a narrow strip in north- pa
western Vermont which supplies the mottled Champlain marbles.
It is quite remarkable that from so small an area should have come
the stone which has made our State pre-eminent. While, as has
been seen, granite is produced and worked by a large number of

companies, marble is handled by only a few, and by far the larger
part, by one. So far as I know, all the quarries are worked by o~ |
companies having their own finishing plant. The following |

I

companies are now engaged in this business in Vermont, Works of the Vermont Marble Compal

v at Proctor.

List of Vermont Companies engaged in Quarrying or Manu-
facturing Marble:




One of the Quarrie

PraTe XXI.

s of Vermont Marble Company,

West Rutland.
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Barney Marble Company, Swanton, now owned and managed by
the Vermont Marble Company.

Brandon-Italian Marble Company, Onarries, Brandon, Mills, Mid-
dlebury.

Burlington Marble Company, Burlington.

Columbian Marble Quarrying Company, Quarry at Proctor, Mill at
Rutland.

John Cullen Quarry Company., Danby.

Danby Marble Company, Danby.

Fastman Quarry Company, West Rutland.

J. K. Freedly & Sons, Fast Dorset.

Imperial Marble Company, Danby.

Noreross-West Marble Company, Ouarries, Dorset, Mill, Manches-~
ter.

Orvillo Marble Company, West Rutland.

Raleigh Marble Company, Pittsford.

Rutland-Florence, West Rutland, Pittsford.

Sterling Marble Company, Pittsford, Beldens Falls.

Vermont Marble Company, Quarries, West Rutland, Proctor, Pitts-
ford, Swanton, Mills, Proctor, West Rutland, Swanton.

White Stone Brook Quarrying Company, Danby.

Besides these The G. E. Royce Estate has Mill and Quarries,
Pittsford. ** Not worked pending settlement of the estate.”

The Dorset Mountain Marble Company, Dorset. Not working.

Continental Marble Company, Dorset. Not working.

All of these companies are large and the Vermont Marble
Company is probably much the largest in the world. The com-
bined capital of these companies is about $8,000,000 and they
employ 3,400 men, and their sales in 1903 amounted to consider-
ably over $3,000,000. Within the past two years there has been
a notable increase in the facilities for producing marble possessed
by these companies. Several large mills have been built and
equipped with improved machinery, new quarries have been
opened or old ones long idle reopened, and in all directions in-
creased activity, so that undoubtedly the sales for the present year,
1904, will largely exceed those of previous years,

The Vermont Marble Company alone produce about one-half
of all the marble sold in the United States and two-thirds of the
finer grades. They have recently added the Beldens Falls prop-
erty including the water power, and are about to expend several
hundreds of thousands of dollars in installing electric power in
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their plant at Proctor, putting in three 100 horse power dynamos
and other machinery. Plate XX shows the immense plant of this
company at Proctor. Plate XXI shows a part of the series of
quarries at West Rutland, and Plate XXIT some interiors.

During 1go3 this company got out 1,000,000 cubic feet of
marble and expect to do more in 1904,

The Freedly quarry on Dorset Mountain has been worked for
many years continuously, but the other numerous quarries on and
abour Dorset Mountain which formerly were in operation have
been idle for a long time until within two or three years when the
Norcross-West Company reopened one of the old and opened
several new quarries, built a finely equipped mill at Manchester
and a railroad six miles long from it to the quarries and are now
doing a large business. The quarries and mill are fully provided
with the best modern machinery, and the former can produce 60,-
ooo feet of stone daily. Plates XXIII and XXIV show two of the
quarries of this company. This company are now getting out 530,-
ooo feet of marble for the New York City Library and 230,000
for the new medical buildings of Harvard University. The stone
is light, more or less veined and clouded. It appears to be a very _
fine grade of marble especially for building purposes and it is 1
very gratifying to those who are interested in the development of
the resources of our State that the use of Vermont marble as a
building stone has very largely increased during the last two or |
three years.

The Rutland-Florence Company is latest in age and is already
a very strong concern, Their mill at Fowler is certainly not ex-
celled, if it is equalled, by any other. It is framed with steel, very
light and airy, furnished with electric traveling cranes, steel frame
saw gangs and all that makes an efficient up to date mill. Itis 430
by 100 feet. The policy at this mill is to do as much by machinery
and as little by hand as possible. For instance, they have it so l
arranged that a block of marble may be placed by a derrick on a i
small car in the quarry and this is volled on to a common plat-
formm car and thus carried to the mill where it may be rolled under
a saw gang or placed conveniently for whatever work it is to re-
ceive carving, polishing, etc., and finally set in the store room

/ & any W 3 stor.
Interior of a part of the Vermont Marble Company Works at Procto
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ready for shipment on the car which brought it from the quarry.
This company owns fourteen hundred acres of quarry land in
Pittsford and Rutland. There is another steel mill at the True
Blue quarry at West Rutland.

Nearly all the light colored marble of the State is located
in Addison, Bennington and especially Rutland counties. The
Brandon guarries on the north and those at Dorset on the south
are at the limits. Besides light marbles there are the valuable
beds of variegated red and white marbles of Franklin and Chit-
tenden counties.

These marbles are mostly light colored, that is white variedly
shaded with black, or less commonly brown, reddish, greenish or
bluish bands, lines and blotches. The varieties are very numer-
ous and many of them very elegant. Besides the veined marble,
pure white, some of it fine enough to be used in the best statuary,
is found.

» Several sorts of limestone are used as marble and when sawn
and polished make a jet black or gray stone. Most of this is
obtained on Isle La Motte.

The limestone quarried at Swanton is usually used for making
lime, and it is also sawed and polished to some extent, when it
makes a very pretty dove colored marble.

A very valuable addition to the marbles named are the so-called
Champlain and Roxbury marbles.

In the scientific sense these are not true marbles, but they are
none the less fine, on that account, and are more elegant and
costly than any of our ornamental stones. The Champlain marbles
are hard, beautifully variegated in reds, browns, greens, olives
and whites, no two slabs being exactly alike and none like any
other stone ever seen. Still harder and more superb is the green,
black and white verde antique of Roxbury, which is a kind of
Serpentine.

During the past year, 1904, marble of various kinds has been
extensively quarried in Swanton, Burlington, Brandon, Pittsford,
Proctor, West Rutland, Rutland, Dorset and Roxbury.

Srare.—Slate is quarried in two areas neither of them very
large and each is a long narrow strip running from north to
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south. The best known and largest slate region is that in
land county west and a little south of the marble area.

Rut-
It is

not more than half as long and perhaps

twice as wide as the

latter.

It extends from West Castleton through the towns of

Fair Haven, Poultney, Pawlet and ends in Rupert. In this
area there are some thirty-four companies now operating and
not far from a hundred quarries are now or recently have been
worked. This area extends into New York and some of the lar-
gest firms owning numerous quarries in Vermont have their offi-
ces in New York at Granville and, as some of these companies
also work quarries in the latter state, it is impossible to separ-
ate the slate business of the two states with entire accuracy.
For a more full discussion of the slate industry of this region
than can be given below, the reader is referred to the Report of
1900, and especially to the excellent paper by Prof. T. N. Dale,
U. S. Geological Survey Report, Ninteenth Annual. Part 111,
PpP- 153, 307, on the Slate Belt of Eastern New York and
Western Vermont. 2
The other slate belt is mostly in Washington county, though
Its present cen-

it runs south into Orange for a short distance.
ter is at Northfield where alone are quarries worked.

In both these regions there has been unusual activity during
the past two years, new quarries having been opened, new com-
panies formed and the production and sales has increased.

Taking up first, though necessarily with brevity, the great
western slate belt, we find that all the firms which have report-
ed are doing an increasingly large business. The following list,
for the revision of which I am indebted especially to Messrs.
Griffith and Nathanael, though others have also aided in making
it full and accurate, is believed to contain all the companies at
present engaged in the slate business either in quarrying”or
Most of the larger firms quarry their

manufacturing or both.
own stock, but some buy the stock and work it up for the
market,

List of Companies engaged in the Slate Business in the West-
ern Vermont Slate Belt:

Aunld & Conger, Poultney, Bronson Slate Co., Hydeville,

es at West Pawlet, Looking No‘rtlu-a.-‘-t.
portion of the Taconic Range. - o
By Courtesy of the U. 8. G. 5.

Slate Quarri
I'he hills in the backgronnd are &
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Buckmaster Slate Co., Poultney

Clayton & Burdick, West Pawlet

Eastern Slate Co., Poultney

Edwards Brothers & Jones, Paw-
let

Edwards Slate Co., West Pawlet

Eureka Slate Co., Poultney

Flamings Slate Co., Castleton

Green Mountain Slate Co., Poult-
ney

Griffith & Nathanael, Poultney

Thos. R, Griffith, West Pawlet

Hensbry Brothers, Hydeville

W. H. Hughes Slate Co., West
Pawlet

Johnson & MecCormick, Pawlet

Jones, Roberts & Rowland, Poult-
ney

John J. Jones Slate Co., Castleton

Jones & Owens, Fairhaven

Lake Bomoseen Slate Co., Hyde-
ville
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R. E. Lloyd Slate Co., Poultney

Matthews Slate Co., Poultney

James Minogue, Castleton

Charles Morris Slate Co., Poultney

Nelson Brothers & Morrof, West
Pawlet. s

New York Consolidated Slate Co.,
Poultney

Norton Brothers, Granville, N. Y.

O’Brien Brothers, Wells

Parry, Jones & Owens, Poultney

Rice & Jones, Wells

Rising & Nelson Slate Co. West
Pawlet

Griffith T. Roberts, West Pawlet

Rutland County Slate Co., Poultney

Scotch Hill Slate Co., Fair Haven

F. C. Sheldon, West Pawlet

R. J. Williams, Wells

D. J. Williams & Son, Poultney

Vermont Unfading Green Slate Co.,
Poultney.

As in the list of granite firms, several of the above have made

no report so that it is not possible to give absolutely accurate
statements as to the total slate business of the State but so far as -
can be ascertained, including the Northfield companies to be
mentioned, there is invested in the business capital to the amount
of $1.000,0co and over 1,000 men are employed, while the output
for 1903 was nearly $1,300,000.

Plate XXV is introduced to show something of the character of
the slate quarries. The slate of western Vermont is green, known
in trade .as ** Sea Green ” and ** Unfading Green,” * Purple”
and ‘¢ Variegated.” There is here no red nor black slate. The
former is found just across the line in New York and some of the
companies that have quarries in Vermont also have red slate
quarries in New York and on this account red slate is sometimes
sold as from Vermont. Black slate, however, is found in abund-
ance at the other slate belt shown on the map in Washington
county. Formerly there was a good deal of activity in this region,
Now, there are two com-
panies busily engaged in getting out and selling this slate. It is
3

but for some years nothing was done.



50 REPORT OF THE VERMONT STATE GEOLOGIST.

a fine black stone, éplits evenly and easily, does not fade anﬂ._
there does not appear to be any reason why the Northfield slate
should not find a ready and increasing market. The two com-
panies now operating in this region are the Northfield Slate Com-

pany and the Vermont Black Slate Company,

The Northfield Slate Company has furnished the illustrations
given on Plates XXVI-XXX. Plates XXVI and XXVII are
of general interest as they give, though less satisfactorily than
could be wished, a general view of the whole slate area so far as it
has been at all developed. Plates XXIX and XXX show the ver-
tical position of the slate in the quarries. These quarries are re-
markable for the firmness of the slate near the top where it would
naturally be more or less decomposed through many years of
weathering, but.it is stated that, while of course not of the best
quality near the surface, it is surprisingly sound.

The Vermont Black Slate Company furnishes the illustrations

given on Plates XXXI and XXXII. The company also sends the

following

DESCRIPTION OF PROPERTY.

“This company owns 365 acres of land which is nearly all under-
laid with black slate, 150 acres being more valuable for quarry
purposes, it being accessible and the slate being easily moved by
cable ways from the quarries to trapsportation. This slate as
shown by Plate XXXI is workable from the top to an unknown
depth. The vein is fully one-third of a mile wide, nearly all of
workable quality, and passes directly through our property.

The company has three well developed quarries which cost a
large amount of money to open. No. 1 is well equipped with
cable ways, derricks and machmery for manufacturing roofing
slate. It is our purpose at once to add modern machinery to this
plant for manufacturing dimension stock. This machinery will
have a capacity of S8oo feet of dimension stock per day and give
us one of the best slate manufacturing plants in the country.

Quarries Nos. 2 and 3 have no modern equipment. A very
little amount of development will however produce large faces of
workable slate, and new machinery will be supplied as needed.

Pr.aTE XXVIIIL, ]

View of a portion of the
Quarry, together with engine
Quarry.

Northfield Slate Compa

Union and Paine Quarries. :

Y 2 ! i he “pit”
ny's property, showing t !
; e hill, the "pit” of the Gov. Paine

of the Union

and tool sheds, and, further up th



PLate XXX,

Face of Union Slate Quarry., Northfield.



praTE XXX

Weighs 234 tons.

thrown out at one blast.
Value, $3,342.80.
vermont Black Slate Company.
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Shows two blocks of slate

Guarry of Vermont Black Slate Company,
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Prate XXXIT.

Shaws face of quarry, incline and carriage lifting slate from the pit,

Position of Slate in Quarry. Vermont Black Slate Company’s Quarry.
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The company also owns 110 acres of land well adapted to the
building of residences, and homes for the workmen, ample dump-
ing grounds for all purposes for years to come, railway right of
way and several dwelling houses now upon the property. The
company has a lease at a nominal rent, from the Central Vermont
Railway Co., of several acres of land near the railway station for
the purpose of erecting a finishing mill and yard room for storing
stock.

We have a complete survey of a railroad connecting our quarries
with the main line of the Central Vermont Railway. This survey
calls for only one-half mile of road and one twenty-five foot bridge.
By this improvement we will be able to place all our stock, as it
comes from the quarries by means of cable inclines, upon flat
bottom cars for transportation to the different finishing departments
and to the main line of the Central Vermont, taking in all our
supplies in the same way, and avoiding all the danger and ex-
pense of hauling slate and heavy material by teams.

The great need of this slate region seems to have been suflicient
capital to properly carry on the work.”

LinmesToNE. —Limestone for building, curbing and macadamiz-
ing is extensively quarried op Isle La Motte at Fisk’s and Fleury’s
quarries owned and worked by N. W. Fisk and E. S. Fleury.
Limestone used chiefly for making lime is quarried by J. P. Rich
at Swanton, W. B. Fonda at St. Albans, L. E. Felton at High-
gate Springs, the Brandon Lime and Marble Company and the
Leicester Marble-Lime Company at Leicester Junction. These
firms sell several hundred thousand dollars worth of stone and
lime annually. There are numerous small quarries located here
and there over the State from which stone in relatively small
quantity is taken for building and road material. South of Bur-
lington there is a large quarry formerly known as Willard’s Ledge
but now worked under the name of Phelps Quarry. This fur-
nishes sandstone for building, foundationsand road material. The
stone is very hard and durable and is of various shades and char-
acters from nearly white quartzite to dark red; the latter, though
hard, is less so than some of the very light. Most of it contains a
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small amount of lime. It is an excellent stone and when used in
building presents a good appearance as anyone may see in the

Cathedral, Court House, Methodist and College Street Churches
and other buildings in Burlington.

Soarstont., This material is quarried at Perkinsville and

Chester and at both places there are mills in which it »s sawed
and ground.
From an article in a recent number of Kock Products [ take the
following facts concerning the work at Chester Depot.
There are two companies working the stone at Chester. One
of these, the Union Soapstone Company, works three quarries.
“The stone is quarried by using channelling machines and then
splitting out the blocks with wedges. It splits easily and in regu-
lar blocks. These blocks are commonly six feet by four and of
variable thickness, The soapstone lies in lenses from four to
twenty feet thick and twenty to thirty feet wide. These lenses
overlap each other so that the deposit is practically continuous
and as they also occur one below another the depth of
the whole may be considerable. The stone is so soft thatit can
be worked up more readily than other kinds and it is sawed,
planed, tongued, grooved, turned, bored, etc., very much as wood
might be treated. Water is not necessary except on the rubbing
beds where the surface is made smooth. The American Soap-

stone Finish Company grind the stone to flour and make a good
wall finish and for filling for some sorts of paper.”

Kaorin. From time to time the variously colored clays at

Brandon, or rather Forestdale, two miles and a half east of Bran-
don, bave been dug and used for various purposes, but for some
years no systematic attempt has been made to utilize these deposits.
In the chapter on the lignite and its fossils which follows in
another part of this volume something of the geology of the region
is given. Within the Jast two years, Messrs. Horn, Crockett &
Company have sunk shafts into the white clays and built a very
substantial and well equipped mill of which they have sent the
view given on Plate XXXIII. This company dig only the pure
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white clay. Formerly the red and brown clays were dug and
ground and made into a coarse sort of paint. This industry, how-
ever, has not been carried on for several years and the old works are
going to ruin. The new company have started energetically and
produce ten or fifteen tons of refined white clay daily. When
first brought from the shaft, the clay contains quite a per cent. of
quartz sand. To remove this, the clay is mixed with water thor-
oughly and the thin mixture is run slowly throngh a labyrinth of
narrow troughs and during its somewhat extended passage, the
silica settles. From these channels the water carrying the clay is
run off into huge tanks of concrete where the clay settles and
from which it is pumped into ** filter presses” where it is pressed
into thick sheets. Finally it goes to the kilns where it is dried.
The present depth from which it is dug is eighty feet, though the
shaft has been sunk forty feet more.

The pure clay is used for making porcelain, giving body to-
paper, etc.

Mr. Horn sends the following analysis by Henry Carmichael of
Boston.

T T o e S [ S U o R e S U i = 48.91
s T G IR A R o o o e 1)
F Ee i 6 S Lo 1 R e e PR R T e ot 0.33
Y S e o e S S S R I e e e 0.34
Loss on Ignition. . 5 R S i i o e s RemeY
Alkalies, etc. bydlfference St S g b e i S

100.00

Messrs. S. C. Lyon and Company of Shaftesbury also mine
kaolin, ochre and china clay.

Firg CLay. The Rutland Fire Clay Company are working a
deposit ¢ Covering 225 acres and containing many grades of fine
clay.” This concern have a large capital, employ thirty men and
sell a large amount of their product. They make a fire proot
wall plaster, stove lining, etc.

Tarc. In the last report the tale deposits of Moretown were
merely mentioned, Since then there has been much woik done
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at one point, and now The International Mineral Company are

pushing the development vigorously. The accompanying views

furnished by this company, Plates XXXIV and XXXV, show
something of what is being done. The bed of talc in which
they are working is very large and of excellent quality, The fol-
lowing analysis of this tale may be of interest. No. 1, average of

three analyses made by C. H. Jones, chemist, at Vermont Experi-
ment Station :

WatarioNay, S Sl

Silica. . by S 57.08
Magnesza e A e A 27.16
Tron and Alummum O\;l(les ............................ 8.40
TR, o e L e St o o e e e T S S e 1.72

Another sample taken from farther north analyzed :
Water (Hel s a e s

e R A R i T AL 75

Silica (5i0).. 5982

Magnesium O\ldc (\IgO) e <3202

Ferric and Aluminic Oxides. ... .« avwvwonn (\Iostl) I‘en)c) 3.5

Calcium Oxide (CaO) . wismeselara s ODE
ASBESTOS.

Two or three years ago there was some activity in

developing the asbestos deposits of the State, but at present all this

has stopped. There is no doubt as [to the presence of chrysotile

asbestos in a number of localties and some of it is of very good

quality, but whether it can be profitably worked under the present

conditions is not certain. Openings have been made and more or

less work done at Belvidere Mountain in Lowell and at South
Duxbury. 1 am very glad to be able to include in this report an
investigation of the asbestos region by Professor V. F. Marsters.

ScyruesToNES, The Pike Manufacturing Company have at
Evansville a plant where they quarry a * Fine grained quartose
mica schist ” and work it up into scythe stones employing some
thirty-five men. This is a large company and they have several
other factories mn different parts of the country.

MeTavrs. The only metals that have been mined in Vermont

for many years are gold and copper. The former metal is found

in small quantities in the quartz rock or sand in many localities
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* Tooking into the Cut in Talc Mass.

Interior of Cut in Tale Mass, Moretow.
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and has first and last been the cause of much trouble and far
greater financial loss than gain, With the possible exception of
the Plymouth and Bridgewater regions, concerning which I bave
not sufficiently definite facts to warrant a sweeping statement,
gold mining in Vermont has never paid. 1 do not intend to say,
that no one has found gold in any amount, for, as 1s stated above,
small quantities have been taken out of quartz or washed out of
the sand of one and another stream, but in every case with which
I am acquainted it has cost more to get the gold than it was worth,
often far more.

It seems very strange that anyone can be so lacking in foresight
as to expect to make money by mining, swhether the mine contains
much or little of the mineral sought and yet there are those who
seemn to think that any mine, especially if,it is on their own land,
is necessarily profitable. As a matter of fact the greater num-
ber of mines are not a success. As in the last report I wish
to call attention to the very common occurrence of little particies of
yellow mica in the rocks of the state. In some specimens, these
yellow sparkling bits of mica are easily mistaken for gold and
many are deceived by them.

1 do not wish to be understood as asserting that gold mining
cannot, under any conditions, pay in Vermont. I do wish to say
that it is extremely huprobable that it ever will and, therefore,
that the utmost caution should be exercised by anyone who
undertakes to start a gold mine, or rather the caution should
come before the undertaking is started. At preseut, so far as
I have had reports, gold is mined only in Bridgewater though
first and last a good many thousands of doilars have been spent
and lost in mining in different places. In Bulletin 225 U. S. G,
S. Contributions to Economic Geology, 1903, Mr. G. O. Smith
has a very interesting summary of the subject of gold mining in
this State from which I have quoted the following paragraphs.
¢ In the town of Bridgewater gold was discovered fifty years ago,
and within ten years of this discovery at least two quartz mills

‘were built to treat the ore. The early work was characterized by

extravagant expenditure and lack of reliable statements. It can
safely be stated, however, that more money was expended in mill
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Assay of a sample of quartz from the Taggart vein

Allen in

Gold...........
b,l\elNone
COpl)Cl'_.' .....I.27 ounces
Leﬂd..”””””.”“”::....................6.19})el‘cent

.« ...6.26 per cent
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This indicates a value of over $6, but the sample represents the
rvicher part of a small ore body. The absence of gold is sug-
gestive in view of the high gold value claimed for this vein.

Quartz has been mined from other parts of the Taggart vein,
but it is said that whatever value it may have contained was lost
in the process of milling. Tour mills were constructed at various
times in this vicinity for the purpose of separating the gold from

the quartz.
Farther north in the same town is the Shatauguay group of

Little could be learned concerning this property, except

claims.
o mill construction

that development activity was being confined t
and road making.

A well equipped quartz mill was being built, but the openings
that will furnish the ore were not shown by the manager of the
property.

In Plymouth, the next town south of Bridgewater, mining

interest extends back over forty-five years. At Plymouth Five

Corners a mill pond was once drained and worked for placer
Sluice boxes and rockers were used and the result is variously
000 to $r13,000. Sowe recent prospecting
and reports of success given out.

aith in these reported

gold.
reported at from %9,
for quartz veins has been done
At the localily itself, however, there is little £
discoveries. Near Tyson’s Furnace in the southern part of Ply-
he Rook Mining Company conducted operations twenty
years ago on an ambitious scale, but, apparently, with no profit
from the mine.” (Bulletin U. S. G.S. 225, pp- 85-88.)

I have quoted the above at length since it is an account of the

only locality in which there has been even an approach to success
and here taking the entire experience into account,

month, t

in gold mining,
the cost has without doubt far exceeded the returns.

There can be no doubt that not a little money may be saved for
better uses than paying for holes in the ground if those who have
it to spend will consult competent persons as to the real value of
the rock in which they plan to work. It is plain to anyone who
knows the facts that some of the good people of Vermont have

been greatly cheated by so called assayers.
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SILVER i ¢
- This metal has never been found in the State except

in combination with other metals

above of the Ply
ymouth rock. It occurs in
‘ e . some of the copper
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as seen in the analysis given

N ly 11 anti
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ivest? ements quoted below, but I have thought it worth while tz
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< 49 M 2 )

publishec ‘m Expansion ” for May, 1904, by Mr. W. L. Hinch
man, B. Sc. of Rutland. Mr. Hinchman says : ' o

“TIn Apri i i ‘ .
oo pril, '1901, while assaying some wall rock taken from next

pper vein in the Plymouth gold distri
‘ g district, to see h
© ‘ ‘ . s ow much
Si fl)lpel Jfsulphlde' it held, I accidentally discovered unmistakeable
Ai sot fm}e]talllc platinum., I kept on experimenting and in
Caugtis ‘%' that year was sure that the gray sandstone or \zhat some
e b

o (1 ‘tint held one-quarter of an ounce of it to the ton asso

ated with pyrites, worth $g i ’ 1

5.25. Since then I have submi
. . ‘ mit
sample:s to a leading chemist and also to a geologist of nati te(i
reputation, both familiar wi i : |t
¢ ith platinum, who h

repu ‘ y o have detected the

e v Aflter such encouragement I have kept on striving to find
a reliable cheap method for extracti !

. tracting the v ’

latterly with complete success. i e profiubly, and

v—
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< Now this sandstone lies in a broad belt, consisting of tilted
cleavable layers, on the side of a 600 feet-high hill, several thou-
sand feet long and 200 feet wide, showing veins of copper sulphides

cutting across the grain of the layers or strata, the whole formation

placed between walls of slaty shale cut by parallel fissure veins of
Above this deposit, near the top of the ridge, there is a

quartz.
aining one-tenth of an ounce of

narrower ledge of black shale cont
Above this again is a large vein of platinum-bearing
quartz. Across the valley, on the side of the opposite range of
hills, lower than the sandstone, and about 1,500 feet away isa fis-
f an ounce of platinum and one-
free milling

platinum.

sure quartz vein with one-tenth o
twentieth of an ounce of gold to the ton, altogether
ore. All these belts, ledges, and veins run parallel to the ridges
of the hills and are located in a serpentine-asbestos-talc-soapstone
district, with a dike of chrominm oxide within three-quarters of a
mile of the platinum, and several trap dikes in the near neighbor-
hood. Some of the quartz veins running with the sandstone and
in the slaty shale give $2.00 to the ton in gold, but no platinum.
A dike of porphyritic rock some distance away gives three-tenths
of an ounce of platinum to the ton with a value of $6.30.

¢ The gray sandstone when wet looks like the ¢ True Blue”
marble, only darker gray and with very small, bright
ing metallic specks scattered through it.

«The black shale when broken up or the dry ¢ mud ’ of the drill
hole soils the fingers like black lead. This rock is filled with
very small veinlets of quartz and the platinum seey
nation with the many small specks of bright iron pyrites.

¢« The quartz with platinum in it has the favorable look of1iron-
stained quartz containing gold, but the quartz is clearer and
heavily spotted with a maple sugar colored brown.
there may be a ¢ powder flash’ of light, goldy looking leaf metal
in the seams of specimens of smaller grain and this is an alloy of
platinum and gold. The porphyritic rock is pinkish in color
throughout and crystalized so as to give almost the appearance of
quartz and calcite, but it is’t when examined closely. This was
pushed up from, way down below in the earth and the platinum is
Il quantity of chromic oxide, showing green-

, iron-look-

ms in combi-

Sometimes

associated with a sma
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ish looking stains in the seams. You can detect a metallic point
now and then on the surface in the sunlight.

“It is my opinion that the crystalline rocks like quartz and por-
phyry, possibly granulite, too, in which the chromic oxide occurs
in thin micaceous sheets of glistening green, are the natural
sources of platinum- in Vermont; the black shale and sandstone
having been enriched from solutions flowing through masses of
disintegrated crystalline rocks and worked into these under pres-
sure along with pyritous matter before they were baked.”

In addition to the above, Mr. Hinchman has kindly sent me
copies of letters from Torrey and Eaton, Assayers, New York,
in which they say ‘¢ No. 4 contains a small amount of platinum,
probably not more than 1/ oz. per ton of the pulp sent and possi-
bly a trace of gold.” Mr. Hinchman says ‘¢ The principal plati-
num prospect mentioned in the article in Expansion is located on
the right hand side of the road from Plymouth Five Corners to
Tyson and three-fourths of a mile from the former place. August
oth, 1904, Messrs. Torrey & Eaton, 30 Wall Street, New York,
found a trace of platinum in grey gneissic rock from th
farm at Readsboro, Southern Vermont.”

It should be stated that the No. 4 mentioned above was

e Keyes

a pulp
obtained from ¢ the crushed vein stuff mixed with quartz, found
between the alternate cleavable layers of limestone, slate and

sandstone rock.”

*The crushed rock matter has been treated to a dead roast.

No. 3 was taken out of a chlorine solution as a precipitate by
using sal ammoniac and permanganate of potash

as precipitants.
No. 4 is the pulp then remaining.”’

Corper.—A brief history of copper mining in Vermont was
given in the Second Report, 1900, and need not be repeated here.
A few of the more important facts may be summarized as follows :
‘Copper ore has been dug with little interruption at one or another
locality for more than a century, the ore at or near the Elizabeth
mine in South Strafford having been dug for the manufacture of
copperas in 1793.  For many years after this copperas was thus
obtained and then came the true copper mining when the chalcopy-

rite, which is the common ore, was dug, no longer for copperas

S, s, e { A, . g, e %
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i i This was not far from
making. but for the copper it contained. This was TR
. i 0 1 as
1S20.  In time the production of copper had. s()l n NS
o 5 - producer in the country
‘er : he largest copper proc : .
e . t mineral industry n the

1 - importan
c hes wetre the most 1r . ’ .
RS nined in the now world

State. Then copper was discovered and Hins e ongh
famous Michigan copper belt, and the eltT?Oll)le = )e].S;ded e
holding their own for a time, ere long began to 01_1761(1 e,
finally Vduring the last ten years or so have b?en w C\Oﬁnth -
Therl: is an enormous amount of chalc()})yute .m oo Of, commer
Strafford, Strafford and Copperﬁe}d. 1116.3 pe]lce‘x‘t{lgt;he e
is low and often there is much pyrite associated w1 b the
rite. The low percentage of copper and the ne?ests h}indrances "
of several miles to the railroad have be.en the glEZ.l T e
successful working of these mines. It a cheap:n 11110 o o
tracting the copper is ever discovered there can ve

i . opper in these
hese mines will again become 1mpongnt. The copp .
ove it fron " but the latter percentage

r cent.,
e £ 1 per cent. to 30 pe i
ores is from I | On the average, the

C on as the first.
is by no means as commo on e e
ro‘)ortion of copper may be stated at not far from 3d P ! atetr;le
'] N
pDull'ino the past two years more or less work has bee?l o1 .
1d ET mine at Copperfield, at the Elizabeth mine at S out
trafion ‘ ine in Corinth. At present there 1s
¢ Tnion Mine in Corinth, At p
Strafford and at the Union ! ‘ send o
t much work going on at any of these pomts, but it 1s posmbAx
not r £ i > e
that there is vet a future for the copper industry of zur State :
0 1 - ility t newer an
i : ‘e is a strong probability tha
will be seen later, there is . u newer e
il s be discovered, if they hav
cheaper methods will soon . v ‘ "
I 'f()l\' and when this 1s accomplished the vast masses of lo
a .e‘ ) . . . F . . 1nen_
grade Vo’re which are to be easily obtained in the locqlme: er
Z’ioned will be in demand, and will, as in years long past, g
i g rev to the State.
an 1mport‘mt revenue . . .
The large copper deposits of Vermont are all in the eastern palltt
]c - (2} » . . . . s‘ S
not far from the Connecticut river. There are smaller depo
are li be of importance.
: -e are those that are likely to
elsewhere, but here are ‘ : o
The pre\'f(:ilind rock is mica or other schist, which hlas l\)iten‘;:[a o
) ist.’ icle by Mr. Wa
ichards ‘Bradford schist.” In an artic 3
by Dr. Richardson ¢*Brac : ' Water
H:y Weed published in Contributions to Economic Geol.og}, :
1 t.' 23, 1903, U. S. G. Survey, there are sundry very interesting
enn 225, 5 . D .
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discussions of the copper area and from it I am glad to quote as
follows: ¢t The schistose rocks of the region, which underlie the
glacial drift and frequently project through it, are prevailingly
slate colored or gray, varying from coarse to fine in texture and
foliation, the differences in color being due to varying proportions
of biotite and silica. At the Elizabeth mine the foliation is very
regular and the bands can be traced for long distances. At Cop-
perfield the foliation is north and south, with a dip of 25° - 30°

E; but the structure in general is that of a broad anticlinal fold, the
detailed structure showing close folding and pushing of the softer
more schistose beds, so that no single band can be followed for a
long distance. The rocks when so folded contain many interca-
lated masses of quartz occupying the crests of the little anticlines
and filling irregular, lenticular spaces along the flanks of the folds.
Examination of thin sections of these rocks under the microscope
shows them to consist of quartz, biotite, calcite, and magnuetite.
They thus appear to 1‘epre$ent metamorphosed sedimentary rocks,
probably impure sandstones, and siliceous shales.”

¢ The deposits of the Vermont copper belt occur as lenticular

masses in foliated micaceous schists. The ore forins lenses of

varying horizontal extent and thickness, and these lenses overlap so
that in going down a lens wedges out, but the tapering bottom of
one lens overlies the upper end of another. The ore bodies some-
-times show a clearly defined foot wall, but more commonly  show
transitions into the adjacent rock.

As a rule the foot wall is more regular than the hanging wall,
the latter showing frequent undulations.

The horizontal extent of the ore lenses varies considerably at
the different mines and, indeed, in the different lenses of the same
mine. The ore body at the Elizabeth Mine has been extracted for
seven hundred feet borizontally, and in the Ely Mine a lens over a

hundred feet across has been mined. Along its strike an ore mass

may either end in a blunt wedge sometimes showing a mere edge
along the horizon, or the ore may fork into rapidly thinning wedges,
or simply grade into country rock by an increasing amount of
““slaty ” material.  The horizon of the Elizabeth ore body s
traceable for nearly a mile, and another ore body, the Revnolds,
is found on its continuation one and one-half miles northward,

N, . ... S—— v - i {
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i ities. At the Elizabeth
The thickness varies at different localities. At the prabe
Aide in the open cu
i as as much as 100 feet wi :
e e 5 feet between the walls. The

; . 223 foot level is 33 .
ings, and on the 223 he Union and adjacent

i idth of 12 feet at t
ore has a maximum wic ¢ i | adjace
erties in Corinth and of 20 feet at the Copperfield p pAt }the
pro : : feld prop
1 '1?11e depth to which these deposits extend is unknown
Ely mine the inclined shait is 3,400 feet long. \ta depth of
. £ 1e, ¥ 2 Ve 4
The ore bodies are remarkably {ree from water. o
rater he ¥
feet. the Ely ore body is very dry, the water of e e
o : af -ed feet of the upper workings. 1
being confined to a tew hundred tee . e
nd encasing rock are very solid and practically no tim g
ore it asing
o i m by followin
The chemical composition of the ores 1s shown by the ttl Elizg
f ore fr 1e -
¢ a4 large number of analyses made of ore from
average of a larg 3

abeth mine:

Lo Bt A4
U S5
SOpper 3560
TEOM « v ev veve e cmma ms s s
GIIICA s s o ve e e i
T . o e v e e e e
SUIPRUT e ee e 792
e I, Y {6
ALUMMIA .« v veeecmm e e T
me{"""" o trace to .02 oz. Silver .20 oz. per ton.
Gold. o e et s

« The Ely ore carries about 15 per cel.\t. l?wrz-j,;:czcllut::::tetrlf
above, and the Corinth mines are of mtexmcf: T‘l ¢ chumeter.
(Bulletin U. 8. G. 5. 225, pp- 199 193.) 1 ha\re als ihz‘ctin“ e
to the necessity for discovering a cheaper m.efhod lo.twe:here szes
copper from these ores and just as L am wnting ‘tb 1’11?1 e
from the author an account ()f. a new meth0<.l 1;(1 etherel
Process Patent.”” The following extracts 3.1613 q;o\vorkihor the
< Statement Respecting the ProposedY Method o g
Ore by Magnetic Separation,” by J. N. Judson.

PROPOSED TREATMENT.

e g \vs :
¢ Generally, the plan of the proposed treatment 1s as follov
enerally,

N 3 t S or s 1 C lg,
I e ore, as comes il()ll the e, W 10 1 orting
5 1 1 1 ) elecly
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will be crushed to, say, 10 mesh, or to whatever degree may be
found most suitable, dried, sized and passed through maox};etic
sep‘;u'ators for the removal of the bulk of the pyrrhotite. . The
re:%1due, consisting of the bulk of the chalcopyrite and gangue
minerals, will be roasted in some form of mecha;lical furnace, for
the elimination of a portion of its sulphur and the partial oxidz:tion
of a certain portion of the iron in the sulphide minerals, and again
passed through magnetic separators and the copper r,emoveg as
good grade, self-fluxing product, amounting to perhaps 25 per
cen.t. of the weight of the crude ore treated. The final non-mi -
netl.c tailings will consist of quartz, feldspar, muscovite mica etcg
'VVhICh will be assumed as assaying 5 per cent. copper whf’zrea;,
it one may judge by the results of other places where 1\’/11' Row-,
and’s separators are employed on somewhat similar wor.k th
should. average much lower, probably not one-half of that ﬁ’ ur(:;y
While such is the general outline, the actual mill pro gd o
may be varied somewhat in details. e
As it is proposed to treat all of the ore mined without sortin
or selection, it may be taken as having an average copper assa 0%
2.66 per cent., equivalent to 7.7 per cent. chélcopyrite Ify in
z-lddition, it contains 50 per cent. of pyrrhotite, with 3 per. cent7 of
1r‘on as oxide, its total iron contents will be 35.6 per cent . as
given by Mr. Weed, and the only change from his figures wi‘l’l 1;e
in the percentage of sulphur, for the above stated amounts of chal
coI.)yrite and pyrrhotite call for 22.44 per cent. of that eIement-
With ore of the said composition and allowing that 50 per cent.
of a pyrrhotite product of the assay given in Ehe precedin 11'a.
graph is removed, the following table is of interest : R

Ore, assays Iron. Copper. Sulphur.
, S i i .. 35.6 2.66 22.44
Less 50% Pyrrhotite product........ 26.0 0.48 16.50

9.6 2.18 5.94

50% of Residue contains............
Residue assays................. 19.2 4.36 11.88

So that out of the total sulphur in the ore some ¥4 per cent‘ will
be mechanically removed in the magnetic product and at. least
saved from contaminating the atmosphére, even if it cannot read
ily be made a direct source of revenue.” ‘ o

S ——
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« The magnetic process, as adapted for the Vermont ores, is
not an expensive one, either in plant or operation. The crushing,
sizing and drying of ore is practiced the world over, so it is not
necessary to further allude to those steps. For the removal of the
pyrrhotite, in most of the trials recorded, the crude ore was passed
through a separator at the rate of 1 ton per hour. The magnet
was excited by a current of 6 amperes at 115 volts, or with less
than a horse-power of electrical energy. The later separation of
the copper smelting products from the roasted residues could readi-
ly have been accomplished with a machine of the same power, so
it may be said that the separations were effected by an expenditure
of 2 horse-power in electrical energy at the rate of 2o tons of crude
ore per day (7. e., 20 hours). The separators had two fields,
with working poles each 18 inches long, and the ore passed through
both fields. s in most cases rather too much of the ore was re-
moved in the pyrrhotite product, it was evident that a passage
through one field would have been sufficient to have insured the
removal of the bulk of the iron sulphide, so, with separators of a
somewhat modified construction, the writer believes that fully
twice the quantity of ore can be treated for the same expenditure
of energy.”

Mr. Judson and Mr. L. G. Rowand have leased the Elizabeth
mine for two years and propose putting the method described to a
thorough test in a large way at that place. Numerous prelimina-
ry tests with a small quantity of ore from allof the Vermont mines
have already been made and the results were very encouraging.
If this or any process can be found which will accomplish the
results expected from this, copper mining in Vermont will un-
questionably be speedily revived and brought back to its best days,
for it is estimated as the result of many trials that the cost of pro-
ducing copper in the new way will be less than half that of the
best old method.

Tt is fortunate that two men who are not new in the business of
handling ores and who have exceptional advantages for carrying out
their plans should have taken hold of the Elizabeth mine. Every
Vermonter will wish them success. Mr. Rowand is the inventor
of the magnetic separators used in the new process and therefore

6
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will be especially competent to give them the best possible X
tunity in working the Vermont ores. } e
. Moreover, the process will not be used practically for the first
time at the Elizabeth mine, for it has already been put to trial at
some fifteen or more mines in this and other countries.

The following extract gives the belief of these gentlemen as to
the future of their enterprise.

“The figures and estimates given are exceedingly conservative
a.nd as there can be no question that the technical results ar,-
rived at in the experimental work on the Vermont ores can readi-
ly be obtained when operating in a commercial way, it is evident
that the Elizabeth property can be made highly pr’oﬁtable even
when operated on what will be a very modest scale, pendil’lg the
development of the property, as compared with the Tennessee
Copper Company, and that without the creation of a nuisance to
the community at large. The fact, as attested by Dr. Ledoux
that the mine contains a vast tonnage of ore of considerablv great:
er value than 2.66 per cent. should not be overlooked, an({ more-
over, the possibilities lying in the future utilization of the ;;)vrrho-
tite have not been taken into consideration.” )
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Glaciation of the Green Mountain Range.

By C. H. HircHCoOCK.

In commencing to describe a prominent feature in the move-
ment of the glacial ice over the higher mountains of Vermont,
one is reminded of the view of the ¢«drift "’ expounded in ¢The
Geology of Vermont’ prepared at the expense of the State
under my father’s direction and printed in 1861. It was there
advocated that the various phenomena had been produced in
connection with a deep oceanic submergence. Striae upon the
summits of mountains were supposed to have been made by
debris frozen into or moved in connection with floating mas-
ses of ice. That the highest points of land should have been
scored by abrasions passing over them seemed to the older geo-
logists better explained by floating than by glacial ice; for no
one had then made clear how ice could move up hill to altitudes of
thousands of feet. The ice of living glaciers moves down slopes:
how then could the ancient ice have passed over the tops of the
mountains unless the land itself had been so low that icebergs
could have floated over them? The geologists had the credit of
believing many strange stories, but even they hesitated to ac-
cept the doctrine that land ice could have been pushed over
New England from the St. Lawrence valley. It is not the
place here to show how the glacial theory gradually replaced
the belief in icebergs and submergence. It is now accepted
well nigh universally.

Briefly stated the following proposition may express the con-
dition of things in the eastern part of our continent, so far as
our territory was concerned. There was a glacier of continental
dimensions, having its starting point in Labrador and sending
out streams on every side. Part of it moved towards New-
foundland: more of it slid into the valley of the St. Lawrence,
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filled it to overflowing and discharged as readily as possible
over the New England heights, the Champlain-Hudson valley
and the Adirondack summits. Perhaps the greater portion fol-
lowed the depressions of the Great Lakes towards the upper
Mississippi. The Champlain-Hudson valley was the line of the
least resistance, being at a low level and in the direct course,
and, therefore, the ice seems to have followed it over a distance
of eighty miles out at sea; while the excess pushed southeasterly
over New England upon one side and southwesterly over the
Adirondacks upon the other, So we may speak of the Hudsorn
River Lobe of the Labrador Glacier.

Four mountainous areas exist within the territory named,
all of which maintain intimate relations to this glacier. First,
there is the inhospitable Labrador tract including the mountains
to the far north and the watershed between Hudson’s Bay and
the St. Lawrence. Dr. R, Bell, (1), states that there are moun-
tains about seventy miles back from Cape Chudleigh apparent-
ly from five to six thousand feet high, and the summits near the
salt water lie above the influences of glaciation. Quite recently,
I have seen the statement made that some of those mountains
are fully 8,000 feet in altitude. If so, and the gathering ground
is extensive, the problem is greatly simplified. The glacier
started from a region capable of sending ice-streams over the
valley near by and the distant mountains. Otherwise there has
been a resort to two theories: either the land was higher than
now in the Labrador district; or else the snow accumulated in
such enormous masses that it was itself the high land. What-
ever the high land may have been, there is no doubt of the
movement of ice in the areas mentioned.

Second, there is the high land of eastern New England, in
which lies the culminating point of the whole region— Mt.
Washington, 6,293 feet. Its outpost is Mt. Katahdin, almost
exactly a mile in height which proves to have been overridden
by the ice sheet,

Third, the Green Mountains represent a line of summits
trending a little east of north, and very greatly resemble the Blue
Ridge of Virginia of which they are the continuation. They

have been glaciated from Mt. Orford in Canada to Greylock in
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. . . i
Massachusetts. Connecticut river drains much of the easte

and Lake Champlain much of the western slope. ) New
Fourth, the Adirondacks occupy the most (?f nort 1er.n o
York. They lie in parallel northeast rar.lges, w1th. a Tu Ifmnated
in Mt. Marcy 5,344 feet. The country is extensively t(l)lrese O;
the soil inferior and the rocks granite much like thos
Laglr)z(i:;nions have been made of the glac?al .rx}oveme‘nts\;;lhill
these areas, each one of which has its pecullarlt}es. ’lhelz H1 e%
Mountain district has received the most 'attentlon, n‘ezir ya Z_
its peaks having been examined for the signs of glgc;)a ot(;:;pice
tion. All the higher summits have been al?r?.de by e
sheet. The Green Mountain area has been visited in patrl:. e
the higher peaks present the same I-)henomen'a, saveb a e
greater altitude of the New Hampsl.nre summits hasb .eer; he
'occasion of a post-glacial accumulation of angular debris, ; ¢
ing the earlier observers to think they were never 1cover(;ae re}(;
the ice. The Adirondacks have been studied to a ess ¢ g ©
than the Green mountains, and the Labrador country is know

the least of all.
I will commen .
the Green Mountain region.

ce with a full account of all that is known of

The Green Mountain Range.

i in the
The Green Mountains are spoken of as commencing 1t

Gaspe peninsula of Quebec, but for our purpose ?t vyill notTI})le
; t of the St. Francis river. e
edful to speak of them eas [he
nen e is very low along this stream, from Sherbrooke to Rich
l’aoﬁd 485 to 390 feet. The St. Francis rises near the Cha;l-
m ’ . .
diere, flows south-westerly till it turns abruptly énd Er(’);ee ;
: i rade for the Gran run
to the northwest, affording an easy g : and Trunk
i g i be compared with the three :
Railway. The stream 1s to
ofariortgern Vermont which have cut through the range t0816ts
very base. The first important rise is to Mt, Orford, Ii,ko
feet. The line of the watershed descends next to Orford Lake,

961 feet. It rises again to mountains in the north part of Bol-

ton, estimated to be 2,000-3,000 feet high.
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High ins i i
gh mountains in Chittenden, nearly 3,000 feet
, eet.

Commencing wi
g with the north Ii
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e Green m i 1 s
o creet ountains with great
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- thg n anfi Greylock sheets to Greylock Vil mention
y the more important points ’ + Ll mendion
Road throu '
gh Mendon, at th
gnnamed‘ mountain, 2,856 " vatershed, 1960
oad over the crest 1 "She
Pog paer 3,960‘5 in Sherburne, 2,210.
Mt. Killington, 4241.
76, U. S. G. S.
Little Killington, 3,951
Shrewsbury mountain, 3,737
i/[altash mountain, Plymouth, 3,278
. t. Ho.lly summit on the railroad 1 I
outh line of Mt. Holly, 2,824 o
,824.

Given as 4,380 by H. Gannet, Bulletin

NSRS e et oomns | S * s et
=3 e —— T}

REPORT OF THE VERMONT STATE GEOLOGIST. 71

Highest peak in the east part of Mt. Tabor, 2,881.
Carriage road summit, Mt. Tabor, 2,140.
Highest peak in south part of Mt. Tabor, 2,961.
«« Mt. Tabor ” in N. W, corner of Peru, 3,580.
Styles Peak, Peru, 3,404-

Road over the range in Peru, 2,440.

Bromley mountain, Peru, 3,260.

Carriage road summit, Winhall turnpike, 2,040-
Mt. Stratton, 3,859.

Carriage road summit, Sunderland, 2,740-
Glastonbury mountain, 3,764+

Peak near south line of Glastonbury, 3,330
Carriage road summit, Woodford, 2,389-
Mountains in Stamford, 3,063, 3,013

Carriage road summit, Hartwellville to Stamford, 1,905-

Mountain South, 2,640.

Carriage road, Readsboro to Stamford, 2,400;

Hoosac range in Stamford, 3,014.

Hoosac range in Massachusetts, 2,800.

North Adams, Hoosac river, 704-

Greylock, 3,505-

The following features may be particularized: 1.—The Green
Mountain range in Vermont is about 150 miles long, with a con-
siderable uniformity for the higher summits. There is an ab-
sence of marked gaps for more than two thirds of the range at
its southern end. 2.—There are four valleys crossing the range
at its northern part; (a) St Francis river in Canada;

“ (b) Missisco river near the International Boundary; (c) La-

moilleriver just north of Mount Mansfield; (d) Winooski river at
Bolton. The drainage is to the west or northwest in these four
valleys, and the amount of erosion must have been tully 3,500
feet from the crestline down. Opposite the southern two thirds
of the range, the drainage on the east is to the south, the Con-
necticut river. 3.—The lowest of the gaps higher than these
river-cuts are near Mt. Orford, 961, in Bolton P. Q., 7113
Hazen's Notch, Westfield, 1,760; Mt. Holly 1,515; Hartwell-
ville 1,g05. These are <ewind gaps.” 4.—The highest peak is
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t IVI & 3 y 1111 on 1 ut a 4. 24.I n e
I\I anSﬁL d 4.,4. o, Gu ot. I\ 11 ngt S p t > o} th

Rutland

o Ua d (E)}uasdrarifle but at 4,380 by Henry Gannett in Bulletin

U d K : the older figure for Mansfield at 4,348 we
pted, Killington would be a few feet higher, 4,380 ’ i

'HE CLACIATION OF MT. ORFORD.

This it rises qui
- n;rtsglmn(lilt ;mis quite abruptly to 2,860 feet, and being at
end of the range one would i i
‘ | imagine the ice
might have been deflected; though it be contrary to the nalowy

of the neighborhood to suppose it to have been ey

\ _ an i
ing above the ice. Thus R. Chalmers says: (4) “Orlflcilr?:itali(l’orls-
)s un-

t .
ain, at the n()rth end ()f N.I(,’mphIemag()g Lake was fOUI]d. t b
y o e

glaciated to a height of 1,800 feet. The summit 2,600 feet
) ’ c€e

g ’ ) ’
el no 1ce cti W erve n
h 1 S l re ()(k l)th a on as Ob
S d. pO

Owls Head, on the west si 00 eiet
, st side of Lake Me h ,

. ‘ ‘ mphremagog, 2,4

igh, has not, according to Dr. Ells, been glaciated on the Slﬁmt

h -

mit ei
it };c:‘e;.sto',(f)‘gese and a number of other peaks in this range
mus up above ‘Fhe §urface of this ice sheet as ‘‘nuna-
‘[_nunatakr] even during its maximum devel " N
I visited the summit of Mt. Orford in OctoberOII);ng(;nt‘
2 H

ported the results of my observations to the e

porte ' American Associa-
or the Advancement of Science, Boston meeting 189850((:;2;
) .

Glacial striae were found at intervals to th

¢ . ' € very summit wi

th:trlllsfts}:esrilc)lfedlrfef}‘ilon‘. Boulders of the Laurelz’tian gne;{s;"fl‘r(grrzli

VRS ) he St.‘ Lawrence were recognized——a piece of

one e fg perhaps hfte.en pounds was sent to Professor F
ms of Montreal for identification, and he wrote that thc;

specimen must have come f i
speci rom the north side of the St.

defined.

Law-

The glaciation at the very summit is remarkably well

Our co i 1ati
nclusion about the glaciation of this mountain has been

confirmed by Principal Dresser, (6). After quoting Mr. Chal
. Chal-

mers’ statement
, he says, ““From these conclusions it is evident

tllat the ObSeI VathnS on Whlch they are l)ased dld not lIlCIlee

that d
ome shaped part of the summit of the mountain which i
is

a . . .
pparently its highest point. This, which is separated fr
om

the hi
¢ highest of the bare and exposed peaks along the front o
| r
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southern face of the mountain, by a deep ravine, shows most un-
doubted evidence of glaciation. Here, near the point where a
flagstaff has stood for the past few years, the rock, a fine grain-
ed and much altered diabase, is distinctly striated, and the
whole eminence has a generally smoothed and rounded appear-
ance. Fragments of clay slate and pebbles of other rocks for-
eign to the mountain occur here, and boulders of serpentine,
evidently from the western base of the mountain, are to be seen
in other places near by. The rock appears to have suffered less
from atmospheric erosion than at points of about equal height
a hundred yards to the south, from which it seems reasonable
to infer that it has been protected by a thin mantle of drift, of
which the transported rock fragments mentioned above are rem-
nants, which have not been removed by summer rains or forest
fres. The direction of the glacial striae, as measured at the
flagstaff by Mr. A. H. Honeyman of Knowlton, Que., and the
writer, was found to be S.25° E. magnetic, which fairly ac-
cords with the directions given by Mr. Chalmers for striae
caused by the greater Laurentide glacier at the foot of the moun-
tain. These range from S. 25° E. to S. 53° E. on the true
meridian.”

In regard to the glaciation of Owl’s Head mentioned by Dr.
Ells, I may say that T have examined the summit of this moun-
tain and found no striae, because the rock has deteriorated and
the glaciated surface destroyed. 1 did not, however, make the
careful search for marks which may exist, first, because 1 was
not aware of Dr. Ells’ statement at the time of my visit and,
second, because I found plenty of transported fragments about
the summit, which are as good evidence of glaciation as
striation.

Dr. Ells has spoken of the dispersion of boulders of the
Laurentian gneiss over the whole of the region south of the St.
Lawrence, (7), below the elevation of 1500 feet. They extend
beyond the International Boundary and water shed into Maine,
New Hampshire and Vermont; and have been dispersed by the
Labrador glacier which both covered the lowland and swept

over the heights.
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Principal Dresser writes me that he has also discovered th
marks of glaciation upon the summit of Sutton Mountain ;
feet above the sea. This is the highest point in the Giooo
Mountain range of Canada in the field of our inquiry. I fojsg

SOUtheaStETIy striae u n the umimi e ¢ 1n le -
pO h S t Of th
P nac n Sut

THE HIGHER PEAKS IN VERMON'T.

._]ay' Peak, 4,018 feet, is the first of the higher summits met
with in proceeding southerly from Canada. Tt was explored
by 'Prof. C. B.Adams, State Geologist of Vermont, who rz o:c
striac with the direction S. 40 © E. on the summit’ accomp Y
ed by furrows having the same direction. ’ o

’I"he glaciation of the summit of Mount Mansfield is describ-
fad in the Geology of Vermont, 1861, (9). 1 found striae measur
ing 5. 10 © E.with a rough stoss side upon certain ledges direct-
ed S. 40 °W. on the Chin. This was in 1859. Mr. A,D.H .
later discovered striae running S. 45 © E. between 'the. C}'linaage(;
the Nose, and presented an illustration of the same, adiac - t
to b'oulders, which seemed to him to have been the, agéntenf
erosm.n, (10). Prof. Edward Hungerford supplemented the og
servations of the Geological Report in 1868, (11), upon Moun;
Mansfield and elsewhere. He found very large transported
bouldo.er.s upon the ridge with striae bearing S. 25° .28 © l% -

I visited Camel’s Hump in 1859 and found striae run.ning
about N. W..and S. E. “The summit illustrates beautifull
stoss a..nd lee sides,” (12). Professor Hungerford found upon thz

summit of Camel’s Hump fine lines of striation uponpknob
of quartz with the directions S. 10 © W.,due W. and S © ES
About 700 feet below the summit, on the east side l;esfo d
striae bearing S. E. and S. S.E.”’ ’ -

No one has reported upon the summit of Lincoln mountain
1 hz.lve repeatedly crossed the range by the Warren-Lincolr;
carriage road and found no bare ledges upon the summit. Both
flanks are covered deeply by till. . °

Professor Hungerford reports for Mount Killington a ¢well
defined northern stoss side” and saw numerous small boulders

Y —

REPORT OF THE VERMONT STATE GEOLOGIST. 75

of foreign rock within 20 feet of the highest point. In 1896 1
found there traces of the glacial smoothing from the north and
N. 30 ©W. Boulders of the Georgia quartzite were plenty,
also a two feet square block of a white quartz conglomerate,
and diabase: all from the west side of the mountain.

The region north of Killington must have been extensively
traversed by southeastward ice currents, since pebbles and
blocks of the Burlington red sandstone are common in the till
and modified drift at the lower end of White river and farther
south. They are very abundant at the Quechee railroad sum-
mit and the Gulf.

In the east part of the Mount Holly gap striae are reported
from S. 50°-60°E. In Ludlow and Plymouth there are

several similar directions.
TRIP TO MOUNTS STRATTON AND HAVSTACK.

At the request of Prof. G. H. Perkins, State Geologist, 1 ex-
amined the summits of Mts. Stratton and Haystack 1n 1903,
and he accompanied me to the summit of Mt. Stratton. These
two mountains are the highest peaks in the southern part of the
State, and therefore it was desirable to determine the course of
the ice currents upon them.

We found Mt. Stratton completely covered by earth and for-
est growth. Fortunately a tree had been blown over on the
summit laying bare a ledge having striae upon it pointing S.
18 © E., magnetic. A quartz knob in another place showed
glacial smoothing. Elsewhere several cobble stones of gneiss
and quartzite made their appearance so that the evidence was
decisive of the transportion of rock fragments over the summit
in a direction east of south. There are signs of a local glacier
down the valley of the North branch, as intimated in the report.

The summit of Haystack is a sharp cone 600 feet high, the
total altitude being 3,462 feet. It is composed of a rough
mica schist like that described from Searsburg, with many
grooves and scratches running S. 20 © E. magnetic. Being al-
most a bare rock no stones could remain upon it hence there
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can be no menti i >
can | nthTl of erratics. Somc of the grooves are a §
vide and several inches deep. ot

THE TACONIC MOUNTAINS,

Such T . . .

- ur(;;c;l.ldcomc.mountam_s as Equinox and Eolus (Dorset) do

not - ily retain the drift markings, though a better search
ght reveal them. I have climbed only one of them in Vermont

Greylock 1s one
. of these summits . .
Green Mountains. its, though in the line of the

There is nothi o
of the ice here. ing equivocal about the marks

Ceotogy o Massai\gzsiz:tther descr1be§ them in his report on the
Geology of Vassachu ‘s, (13), running east of south and I have
perified Jns obse ha. 1;)n5. More exactly, | found in 1892 striae
e ton o at ih )elg 1t o.f 2,400 feet. The same was found near
the top and at e Sun'lmlt. IA al.so found there many boulders
o the © excgeneq}[lartmte'. Tk.ns is a very hard rock and there-
Tt ls ex eastn maten.al to illustrate the dispersal of the driit.
A south ea courTe in common on the Taconic peaks in
State o T(,)masisali)r.lg the whole western boundary of the
St upo all in A.lford, Lenox Mountain, etc. Upon
verett and Washington its course is S. 10 ® E. and S

o®E. 1
Vi upon both sides of Hoosac mountain near the tunnel

OTHER HIGH SUMMITS IN VERMONT

taiA few example§ of the courses away from the Green Mo
- r;sEmaydbe of interest. In Berkshire they run S. 8© E ug-
e - En anSd. ;o © Eo. . In Sheldon and Enosburg the cour:c,,e is.
>33 . - 47 E. Upon the summit between Roxbu
Warren the striae run S. 31 ©-55° E. Zadock Th i
menl;c/;ons several in Huntington from S. 26° to 68° Ismpéon
On . . - . -
on M ti }f’;igz;h 3,8}:)0 feet high on the east side of Willoughll))y
nd rather obscure striae S © i
a nd .30°E. n18g2. U
! td ?ulasAkl in Newbury the course is S. 25° E. Tghe hi }Il)on
arzrhm Windham shows them running S. 20° E e
SOutheere tare some lines running west of south, especially in th
southe ast corner of the state, as in Halifax, Wardsboro cei
ar . . ’
oro. At the interesting pot holes on the town line al:e-
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tween Wardsboro and Dover 2,235 feet above the sea the striae
an S, 300 W It is in the col between higher mountains,
and must have been the line of the discharge of a lobe of the
great glacier. The westerly course is very marked down the
Connecticut valley, particularly in Massachusetts and Connecti-
cut and seem 1o represent an independent lobe of the ice sheet,
probably after the ice had reached its maximum development.

Mt. Ascutney 3,186 feet high exhibits two sorts of glacial act-
jon. Upon the summit I observed the several directions of S.
20° W. S. and 5. 70 o E. One fourth of the way up S. 10%E.
The rock is not a good one to retain the markings and some of
these mentioned have since been obliterated by weather action.
Two elements are to be noted. The first is the southeasterly
movement common to the higher summits, and this 1s poorly
shown by the striae, but very markedly by the rock fragments
that strew the surface in Claremont and Newport, N. H., and
elsewhere. The second element is that of the Connecticut val-
ley lobe running south and slightly west of south. The moun-
tain was a sort of measuring pole inserted in the midst of the
Connecticut glacial lobe. As the southerly movement has been
detected upon the summit, it is clear that Ascutney was not a
nunatak but was entirely submerged in the 1ce-mass in the later

period.

GLACIATION IN THE .»\I)IR()A\'I\ACKS.

In the older literature [ find very little caid about the eviden-
ces of ice action in the Adirondacks. The region lay chiefly
in the Second District, reported upon by Professor E. Emmons.
Several things were understood by him, (14). I. The belt of drift
along the western slope of the Green Mountains shows a pre-
dominance of Taconic rocks, with none of the so called prima-
ry crystallines. 2. The middle belt, including parts of the
Champlain-Hudson valley and the Adirondacks, 18 character-
ized by boulders of hypersthene, gneiss and primary limestone.
3. The western belt, along the St. Lawrence valley, abounds 1n
hypersthene and the granites of the far north. The striae are
to the south in the Champlain valley and to the southwest in
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the St. Lawrence valley. The work is supposed to have been

done mainly by icebergs; and he takes pains to mention his

acquiescence in the views of Murchison.

The Third District, reported upon by Professor Lardner
Vanuxem, lay to the southwest and south of the Adirondacks,
just reaching into the crystalline area. He accepts as the more
probable view the glacial origin of striae; and I understand him
to teach that the distribution of the boulders in Northern New
York was due to radial movements from the central upraised
primary mass of the Adirondacks, (15). Heassumed that the
primary rock boulders of the St. Lawrence valley came from
the Adirondacks rather than from the far north. In the de-
scription of the county geology he mentions the occurrence of
the primary boulders in great abundance in the counties of
Herkimer, Montgomery, Oneida, Otsego, Madison, Cortland,
Tioga, and even into Pennsylvania. Thus the fact of the south-
west movement from the Adirondacks is substantiated by the
observations of Vanuxem.

Prof. T. C. Chamberlin presumes from the data in his
possession, 1883, (16), that massive currents swept around
these mountains both from the Champlain and St. Lawrence
valleys, ‘“while a further current, at the height of glaciation,
probably passed over the Adirondacks, and gave to the whole
a southerly trend.”

Mr. Verplanck Colvin presents quite a satisfactory general
statement about the glacial appearances of the higher summits.
Mt. Marcy is said to be destitute of glacial drift; but its ledges
have been rounded as if by ice, while the striae have been ob-
literated by weathering, (17).

The other high peaks are more
or less covered by the drift.

On attempting to gain further information, I found independ-
ent observations of striae by Prof. H. P. Cushing, upon the
north flank of the Adirondacks, which were generally south-
westerly. Prof. J. F. Kemp reported a similar direction as
prevalent about Moriah, and elsewhere to the west of Lake
Champlain. The striae in the Mohawk valley are described by
Prof. A. P. Brigham as (18) flowing to the west.

T.
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came through glacial transportation they could have come from
a distance of more than twenty miles, since it is possible to
travel that distance in a northeasterly direction on the same
kind of anorthosite as is found on the summit. This peak has
probably been glaciated.

The trip to Mt. Whiteface in 1896 proved the existence of
southwest striae from Crown Point and Port Henry across to
Jay and Wilmington. Mt. Whiteface, exceeding 4,000 feet in
altitude, was found to be more or less covered by till carrying
fragments of Potsdam Sandstone derived from the north east.
Any mass of ice that came from the northeast and covered Mt.
Whiteface must have covered also the whole Adirondack region,
leading to the general conclusion that a lobe of the ice sheet
moved southerly from the ILaurentian highlands, naturally
following the depression of the Champlain-Hudson valley. As
in every glacial lobe there are radial movements to either side,
so here the ice moved to the southeast over New England, and
to the southwest over the Adirondacks.

The western limit of this lobe may have been at the angle in
the terminal moraine near Salamanca, N. Y.; the eastern limit
at Cape Cod, unless the land were elevated and the ice extend-
ed further to the east. It is probable, also, that the lobe

continued down the submerged valley of Hudson River eighty
miles beyond New York.

The facts about the glacial phenomena in the Adirondacks
are brought out later by I. H. Ogilvie in the Journal of Geolo-
g8y, (20). He supplements the observations of Prof. H. P. Cush-
ing in the northern counties, of Prof, J- F. Kemp in the eastern
counties, and those of the Vermont Geological Report of 1861
for Lake Champlain. His conclusions are in accord with what
have been already stated for the several districts named. All
the striae known to the author are tabulated and presented
graphically upon a map. <“Not a single record,’” he says ‘‘has
been found among the highest mountains. The map shows the
three zones of striation: a zone along the Champlain valley
where the striae are very numerous and variable in direction;
a zone along the gneissic hills where they are less numerous
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and prevailingly [from the] northeaétg and a zone amloni.the
high anorthosite peaks, where striae are entirely lac t1k111g7:
though the mountain tops here are c?nsplcuously smo(; .

He further remarks; ¢‘upon the crystalline rocks of the% Adiron-
dacks the direction is uniformly southwest. No striac \Vf:r}(i
observed in this region in other directions, except those \Vhl(‘:

could be clearly shown to be influenced by some topographic
variation of local character. There appears to be no changj
in direction with altitude. The appr'oach to the hlgl:l atr;le
rugged mountains is marked by a conspicuous decrea.se ;ln :

number of striae, which is what would be expected if the .1ce
were stagnant in the valleys.’ * * * ¥ «The Summlt?,
however, have been markedly smoothed: the abundant. boul-
ders of Potsdam sandstone on even the hlghe§t peaks -glve un-
questionable evidence that the region was entirely bur.led, and
by ice in vigorous motion. The conclusion reached 1s,ﬂth'e.re-
fore, that the ice entered the region from the northeast, OW}IIS
on in that direction where open valleys afforded opportun}ty,
becoming stagnant in narrow valleys, ar'ld, ﬁnal.ly, at the tlmi
of its greatest advance burying the region entirely, an uppf
southwestward moving current passing over the stagnant val-

bR

ley masses below.

PROFESSOR UPHAM'S PAPER.,

In 1839 Prof. Warren Upham rcac.I a paper befort.a tl?e
Appalachian Club, (21), upon the Glaciation of Moun;am(sl 1n
New England and New York. All the facts knlown at t at. a cf
respecting the marks of glaciers upon the higher summlt(S o
Maine, New Hampshire, Vermont and New York were
summarized. The present report may be looked upon as -;he
supplement to Professor Upham’s very noteworthy contr 11:-
tion. Had it not been for the handicap of s;everal nunataks
proposed by the earlier geologists, Prc?fess'or Upham ‘,VOlild un-
doubtedly have presented the generalization suggested by my
later paper.

7
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taiII:ISeirslays that <“New 'En.gland pre§ents three types of moun-
. re.spect to glaciation, of which the least frequent is ex-
:mplxﬁéd n this district only by Mts. Katahdin and Washing-
v:;le,re\\a;c: gtlilef nellghboring peaks of the Presidential Range,
e the ‘ifr.ace has not 1)8‘.3n swept by the current of the ice-
s s 1t were at one time wholly ice- covered, as is de-
zssftrated for Mt.. \Vashingtf)rx., the time of the glacial envelop-
was very brief, not sufficing for the removal of the loose
rrnaskses which have been fractured by frost from the underlyinsg
Ncl)gnédr;l;l;i Sehcond ‘and m9st common type is represented by
[ onadr ,where t'ne moving ice-sheet has carried away all the
ragments which before the Ice Age doubtless presented
generally on all our mountain tops the same appearanlze th
pre.sent summits of Katahdin and Washington; inst:;sd oi
lvlvhlch, the surface is now left bare, and rounded in’smooth .low
ummocks of rock on the stossside.”” * * * * <A third
zél;(ir%nfr.equent type is r'epresenteq by the northwest side of Mt.
1gain, where deposits of glacial drift, analagous to the till
of lower areas, cover the bed rock.’’ o
I.t 1s of course natural to seek for symptoms of weak glacial
iz‘i;oi upon th§ hlgbest.mountain; especially as it ha: been
y many geologists in the past that all the higher summits
were simply nunatakr, the first named type of Upham. M
later studies of .the Presidential Range, I think satisfa;torily
sz;fe.:hat the ice has moved yigorously over every Montalbar}i
mit.  Except for the debris of later origin, were the levels
two or three thousand feet lower, no one would consider th
phenomena different from those common at lower al‘citudese
In the first place, a peak represents a very small area; trans:
ported material might happen to be very scant, and h’owe
abundant., to have been removed. The rain d’escendin Zliz
slopes‘ will wash out the clayey part of the till, and the s%one
thus liberated are liable to yield to the influence of gravit anz
descend. Mt. Washington has lost hundreds of the fo};ei n
§tones carried there by the ice by the hands of Geologists angx
ious to possess themselves of such interesting glacial relics-
The geologists of the year 1950 will not find a single one re:

| —

REPORT OF THE VERMONT STATE GEOLOGIST. 83

maining, if the students of the next half century are as in-
dustrious as those of the past thirty years have been. Second-
ly, the angular debris of Washington and Katahdin is the
product of conditions prevalent since the lce Age. The ex-
posure to freezing at the present time is excessive, and is ade-
quate to account for the angular character of the fragments, as
it has been no less intense ever since the glacial period. Pre-
glacial disintegration cannot be proved. Third, striae and em-
bossment are as plainly shown upon Mt. Washington as upon the
average mountain of inferior altitude. The striae have been
measured upon a ledge not fifteen feet lower than the apex, and
are common upon fragments of quartz detached from the solid
rock by freezing and gravity.

A word as to Katahdin. Quotations were taken from my re-
port of 1861, in which I seemed to insist upon the absence of
ice marks upon the summit. Later on 1 mentioned the fact of
finding boulders that must have been carried over the very high-
est summit. 1t should be mentioned that I had had little ex-
perience in the unearthing of glacial indications at that time.
The general rounding and smoothing of the summit is in favor
of glaciation; and the inference that the fragments were angular,
like those upon Mt. Washington, must have been based upon
the account of the debris at the base of a precipice. The sum-
mit has no more angular debris upon it than can be seen upon
any other New England peak of the same altitude, 5,215 feet,
which is a thousand feet less than Mt. Washington's apex.
Professor R. S. Tarr has since closed the discussion about the
glaciation of Mt. Katahdin by his observations. He found
glacial smoothing and transported fragments there.

It seems evident from a review of the facts that neither Mt.
Katahdin, Mt. Washington nor Mt. Marcy are to be considered
as nunatakr: and hence the first type of mountains, as urged by
Professor Upham, must be merged with the second. All the
New England and northern New York summits were swept over
by the glacial current and the nunatakr must be sought for
among the Catskills or some other highland comparatively near
the ice-border just as they are in Greenland today.
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A HISTORICAL STUDY,

It is quite interesting to recall how the facts have been gradu-
ally accumulated leading to the belief in the existence of the
Hudson river lobe of the Labrador ice-sheet. First came the
knowledge of the central current from the plain of the St. Law-
rence directly south through Lake Champlain and Hudson river
through the suggestion of E. Emmons and the measurements of
C. B. Adams, in 1842 and 1846. The latter commenced ob-
servations upon the southeasterly courses of the striae up the
three river valleys of northern Vermont and the single summit
of Jay Peak. The Survey of 1861 afforded observations suffi-
cient for a hasty generalization in the belief that the whole Green
Mountain range had been thus swept over. This was followed
by the conclusions that all the White Mountain summits and a
large part of Maine had been glaciated in a similar manner
1861-1877-1892-1894. Meanwhile the Canadian geologists and
others showed that the southwest movement along the Great
Lakes and farther west covered more territory than the other
courses. Prof. T. C. Chamberlin collated all observations
previous to 1883 indicating the existence of lobes and the ex-
istence of two great forward movements of the ice. The latest
part of the field to be explored is that of the Adirondacks,
where the existence of the southwest movement is proved,
though it was clearly suggested in 1842 by the discoveries of
Vanuxem. \ll the workers in these several districts wrought
independently of one another. Although surmised undoubted-
ly by many glacialists 1 am not aware that anyone showed the
connection between the southeast movement in New England,
the southern along the Champlain-Hudson valley and the south-
west movement over the Adirondacks previous to my generaliza-
tion of 1897 in the American Geologist. The existence of a
glacial lobe starting in Labrador, flowing down into the valleys
of the St. Lawrence, Lake Champlain and Hudson river, fill-
ing up these great valleys and then turning to the southeast
and southwest over the elevated mountain districts is a grand
conception which harmonizes all the observations made by
geologists in the eastern part of North America.

po—\
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( be the areal extent of the talcose schists and includec(l1 stei-
: eter-
merficines beyond the Vermont border, has not yet been
rP;lined in detail by the Canadian Geological Survey.
A Preliminary Report on a Portion of the Serpentine o
‘ ' i tion in this report lies
Belt of Lamoille and Orleans Counties. The small area under considera

. . . d
within the adjoining townships of Eden in Lamoille an

By W. F. MARSTERs.

1. Pioneer work in Vermont. Serpentine.
2. Area consideredin this report. Schists.
3. Topography. 6. Origin of serpentine.
4. Discovery of asbestos. 7. Asbestos, varieties and compo-
5. Structureand rock types. sition.
Amphibolite 8. Production.

The occurrence of serpentine and associated minerals was
early known to the pioneer geologists of Vermont. In the re- ’
port prepared by Professor Edward Hitchcock and his co- [
workers, 1861, frequent mention is made of them and it is stated
that in many instances more or less asbestos and talc in various
varietal forms also appears. While considerable preliminary
prospecting was carried on in the early seventies, no industry
of any moment was established until a comparatively recent )
date. t

According to the observations of Prof. Hitchcock, the serpen-
tines are very largely confined to a broad band of talcose schists
which enters the State on the north in Orleans County. The
belt has a maximum width of some 15 miles and its eastern
limit rests upon the western shore of Lake Memphremagog.
This series of metamorphics is shown on his map as extending ‘
the entire length of the State and occupying portions of Orleans, ‘
Lamoille, Washington, Addison, Orange, Windsor and Wind- r

~ {
N 0

e
Hadley Mtn, Y ?
> .
aJ

Serpentine. Amphibolite. Schist

¥1g. III. Map of Eden, Lowell, etc.. showing Serpentine Area.

ham counties and having a minimum width at the Southern Drawn by W. F. MARSTERS.

-boundary of the State of some two and a half miles. While . Counties. According to the Hitchcockmap,
some ten occurrences of serpentine are reported to exist in the  \. Lowell in ereans ouf h';:h there are two reported, terminate
southern half of this talcose belt, by far the largest of these de- l the serpentine bands, o V]V_l 1 "1l township; the west one, how-
posits is located in Orleans and Lamoille Counties, What 7 near the central part of Low ’




88 REPORT OF THE VERMONT STATE GEOLOGIST.

ever, is represented as extending a little south of the village of
Lowell. In Eden township no serpentine is shown. There is,
however, in Eden and continuing in Lowell, a most interesting
area of these magnesian rocks forming the south slope of Belvi-
dere Mountain, and a plateau-like projection to the southeast
of its crest. This may be called the Belvidere area. Detailed
study of the limits of this area force the conclusion that it is
not connected with the belt passing through Lowell village.

Apart from the purely scientific interest in the origin and de-
velopment of the serpentines they are, also, of special economic
importance, inasmuch as considerable quantities of asbestos
are known to occur within the limits of the region under con-
sideration. Small lenses of talc, too, are not uncommon within
the central part of the Belvidere area and also in the Lowell
belt, but asbestos is by far the more abundant of the two and of
greater economic importance, It should be added, however, that
it does not follow that talc is always secondary in importance, in
serpentine rocks: on the contrary, in the region of Moretown,
Washington County, large talc deposits are being opened, and
a mining plant is in process of construction. In this case, so
far as can be determined from the preliminary prospecting, as-
bestos-like minerals are quite secondary to the development of
talc. The talc appears to occur near the contact of serpentine
with talcose and mica schists, or as small lenses within the ser-
pentine. It is not at all improbable that careful prospecting
within the limits of the Moretown area may bring to light a
number of talc deposits of sufficient economic importance to
form the basis of small but profitable enterprises.

TOPOGRAFPHY.

Topographically, this region consists of a series of val-
leys and ridges having in general a north-east south-west
trend. Near the western corner of Lowell lies Belvidere Moun-
tain, a sharp-crested ridge with its highest point at its southern
extremity and within a few rods of the Lowell-Eden township
line. The Southern side of Belvidere Mountain is shown in
Plate XXXVI. The altitude of the crest gradually decreases to

‘Inog I3 Wiy ngIunoN araplalagd 39 MEA

JAXXX ALYId
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the north and north-east. A steep-sloped valley locally known
as Hazen’s Notch in the south-west corner of Westfield separ-
ates Belvidere from the ridge on the north. Hadley Mountain
is separated from Belvidere by the west branch of the Missis-
quoi River. From its northern flank a low spur extends to and
beyond Lowell village where 1t is crossed by Johnson’s branch,
a tributary to the Missisquoi. A part of this spur is locally
known as the Leland Hills. Inthe south-west corner of Lowell,
are the so-called Lowell Mountains with the same general trend
as Belvidere.

The greatest altitude of Belvidere is approximately 2100 feet
above Eden Corners, and some 1200 feet above the office of the
New England Mining Company. The upper half of the ridge
presents exceedingly steep cliffs occasionally alternating with
talus slopes and ¢slides’’ containing enormous blocks of rock,
the form of these thasses being due to the development of two
well-defined systems of joints. To the north, however, the
steepness of the slopes gradually decreases and a cover of waste
extends well up the flanks. At the south end of Belvidere, a
somewhat crescent shaped plateau rims the south and south-
east sides. This topographic element is largely composed of
serpentine rock, the level portion being comparatively free from
drift or talus except along its upper edge, and again at its foot
where it is in part covered up by sand or gravel deposits form-
ing terraces on the bottom and along the lower part of the Miss-
isquoi valley. The gradual extension of the glacial deposits up
the slopes to the north and their coalition with debris from
above, the whole being covered with a dense forest, renders the
lithological relationships of the area between the plateau and
Hazen’s Notch very difficult to ascertain.

DISCOVERY O ASBESTOS.

In the Belvidere and ILowell belts, asbestos was first discover-
ed by Judge M. E. Tucker, November gth, 1899. A considera-
ble area lying along the township line as well as a portion of
the belt passing through Lowell Village and to the north some
two and a half miles, was prospected with considerable care.
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In the vicinity of the Village and to the south, much prospect-
ing has also been done but at a later date, by Mr. Silsbey.
During the two succeeding years the Belvidere area attracted
the attention of some of the prominent miners of asbestos in the
United States and Canada. In 1900 Mr. B. B. Blake likewise

discovered asbestos in ledges on the southeast slope of Belvi-

dere, in Eden township. These discoveries finally led to the

formation of a number of companies, but only one proceeded
beyond the prospecting stage. In 1g9o1 the New England Com-
pany erected a very elaborate plant equipped with the most
modern machinery necessary for the treatment of asbestos rock.
Active mining operations were begun in May, 1902, but in
October of the same year, the plant closed its doors. No offi-
cial statement has been obtained concerning the amount or the
character of the fiber produced, or its adjudged value in the
market of the country. The fiber, seen by the writer, which
was said to have been the product of the New Enland Com-
pany, while too short for purposes requiring tensile strength,
should fill all standard requirements in the manufacture of all

classes of asbestos goods in which non-conductivity of heat is
the only essential quality desired.

STRUCTURE AND ROCK TYPES.

Within the limits of the accompanying map, three well de-
fined rock types were found; namely, amphibolite, in places
assuming the appearance of a hornblendic gneiss; serpentine,
massive, much crushed and sheared, the sheared belts being
impregnated with fibrous and asbestiform minerals; talc, and
lastly a large series of ¢alcose and micaceous schists.

AMPHIBOLITE.

So far as has yet been learned, the amphibolites are confined

to the crest of Belvidere Mountain. Their relation to the ser-

pentine is shown in the accompanying cross section. They
consist very largely of green hornblende; a smaller amount of
a rod-like, colorless mineral, with optical properties similar to
those of anthophyllite, an orthorhombic amphibole and a few

o————
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1 1 f seconda-
garnets now largely altered and accompanied bydr;rrizo e ine
; ite 1 Quartz and teldspa
{gin. Magnetite 18 COMMOI. ' nd e ra.
A arativily rare. While there 1s considerable vailatlloI;
> com are. ‘ o
{iretkcl tpxture and relative amounts of the green and co S-bole
phibol i s of the amphi
1 ste f the members o
hiboles the persistence O hibol
?mply and the general absence of both quartz afn.d lfet Pca,l
e o k a fairly typ!
ary ducts, make the roc :
t as secondary pro , . : ypica
exceEibolite No attempt will be made 1n this paper tbo1 d ° -n;
: . . . O
?mgetail the microscopical characteristics and probabe grv
. . orv-
n; thi r(,)ck The problem is a difficult one and will be rest v
1s . cult one  be re _
Zd for later consideration and publication 1n a subseq
port of the State Survey.
SERPENTINE.

No sharp and well defined contact be.tween tldle S;ff;in::;?,
and the overlying amphibolite has bee? dlscox.rere . ch may
o i Examination of thin sections points to the ¢
o 'emst. ) sharp line of contact does mnot occur here,
o that‘atrar the amphibolite has gradually al‘Ferﬁfd
o the' o Thg,thin sections of the serpentine within
. Ser[;er'lzncl)? undoubted amphibolite show shreds and rem-
zafrle;; ofeean amphibole surrounded by a 'felty rr{ass ofItsirlglelrll(i

1 ften colorless, or very faint greemsh‘ yel. ow. o
Ul?e’ Zeem very probable that the serpentine 1s a self_obn 1'a.tey
t uSduct resulting {rom the decompo.snlon of the amphiboli n.—
E)I‘rl?e zone between typical amphibolite and undoul.)ltedrescirgpneiZ

i of garnet easily -
e Charac?z:(zleiybey iitaﬁizjflzgz migcroscope it appears to
S ungl consider’able alteration with the deve.10pment of
h'ave SLflﬁerceondary origin. In a few cases the entire mass Ef
fcilr:Sngnz(: has altered to a light green isotroplic mass, probab-

v SerptetmeZtine occurs 1n two areas, designated. as the Belvi-

de’ihzjgrfhe Lowell. The Belvidere area constltutlets ;l;zaﬁ)l:;:

eau-like projection at the south end of the range. | smap. "
o far as known, is shown on the a?companyl g P

Fem, . ‘ble that a connection between it and the Lowell be

N poijliste beneath the till covering the floor and lower flanks

may €
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g e al laracte 1at [() 11N 1)6 cres ()l l)e Vl(lere,

fOI ns lhe O[lly IOCk m Slght. l‘qe area Of the d.IIlPhlbO'
1“181 the d

lite nor th .
score of fe fxftmt of the fault could be traced more than a f
£ ee >
i lend Cregzm the Tucker quarry. These structural fa::;
nce to the conclusion that the Belvidere o
ccur-

rence 1s not continuous w ll t ()E [4 \Vell n th west Sl(l(:‘
(¢] t at OV O
. e

of the serpentine
, a local fault o 5
o ' 1t occurs on the propert
COlu;La.lr C{om.pcmy'. It was first noted by Pro? ]p Fy sz .
colun )‘ld vaer?lty, whose account of the ser.el t" o
os appears in the Mineral Industries, for Igop e
s , o.

tent of the fault cannot be determined e

fent OfHhe | can, . [t is notimprobable th
y towards the west and skirt the west flank of Bel a't
vi-

dere N[OH italn. Again, on € SO er e e soutn-
a I s t S uth Slop a d to th t
© C anl g, ther s a t,p tition Of t
east ()f thA I]] ktI ope b ere 1 cpe (0] 1€ same

th p Ao ~ 3 =Y dg h t
1 6] Ogl(:d Chdnoes r(,COgant‘,d at the uppcr e e Of the at-
D p

au. Thl se
ect Sh ¢
a ld adle
eau n ctfions OW cons e ] > amo t ()i e
Sh

amphibole, Lt 1
Tufker ooe,enb.ut the series of abrupt ridges extending from th
Serpenting 1;{15 d;& \t/ery largely composed of fine grained felts
. 1€ facts, therefore, so t
srpen . ore, o far observed go to
nclusion that the Belvidere is not a continiationsfzpto;t
e

Lowell b 1
elt. The accompanying Cross Section, Fig. IV, makes

clear the conclusions here presented

s ' l |
++4+ 4+ vVvVvV\/ %

Serpeuntine Amphibolite Schist

Fie. IV Section through Belvidere M 1
. 2Clion oug Belvidere ountai

>
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The limits of the Lowell belt have only been approximately
determined. An excellent section can be seen at the Village
of Lowell, where considerable prospecting for asbestos has
No actual contacts of the serpen-

his section.

been done by Mr. Silsbey.
tine with schists or amphibolite were found in t
To the north some two or two and a half miles, the serpentine
deposits form a narrow ridge overlooking the valley of the
Missisquoi River on the west. Beyond the Perkins farm 1o
serpentine was discovered. It 1s not improbable that it 1s
pinched out at this point and recurs to the north as lenses at
the various points reported by Hitchcock. To the south of
Lowell, these magnesian rocks can be traced and have been
d for a mile or more. Whether the deposit pinches

prospecte
f the spur of Hadley Mountain

out or continues into the slope o
is not known.
Macroscopically the serpentine of the tw

dingly tough, rather fine grained rock and light
tint; 1n

o belts is identical,

It is an excee
to dark green in color, but sometimes assuming a gray
s the rock is generally minutely scaly 1n structure, and
like bands of limited extent. [n the Belvi-
s have been sheared and

such case
associated with tale-
dere belt in particular the serpentine
crushed to such an extent that minutely fractured bands may
be traced for some distances. These are best shown at the
Tucker openings along the lower limit of the belt and in the
series of prospect holes extending from the Northwest corner
of the National claim to and including those on the New Eng-
land and the United States properties. The Fracturing and
asbestos-like filling of the ruptures may be even microscopic
in size. It1s apparently along these lines of fracture that the
fiber has developed. While it was exceedingly difficult to study
tail the structure of the central portion of the Belvi-
ows that the maximum

d near the upper

in great de
dere belt, such data as was obtained sh
amount of crushing and fracturing was produce
along lines of faulting. It is in these

and lower limits, and
bance that the greatest amount of fiber

zones of greatest distur
is developed.

As seen under tlie microscope the serpentine presents a con-
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siderable range of variations both structurally and mineralogi-
cally. In its most typical phase it is a colorless or slightly
yellow or yellowish green mass of grains, scales and fibrous
bundles. The fibrous texture is scarcely apparent except in
polarized light. The more massive phase is often nearly isotro-
pic, while the fibrous presents a felty texture. When individ-
ual fibres could be examined they were found to behave in a
manner similar to anthophyllite. In many sections there was
an abundance of magnetite. A portion of this may be chromite
and picotite. The arrangement of the ores is suggestive of the
structure of the rock from which the serpentine was derived.
Numerous illustrations could be sketched of the linear arrange-
ment of the magnetite grains in parallel lines as if developed
along cleavage partings. The green amphibole seen in the
fresh amphibolite presents in certain sections an exact duplicate
of the cleavage; in fact, it is believed that a more detailed study
of sections, now in course of preparation, will show various
stages of decomposition and final passage into massive and
fibrous phases of serpentine, with the magnetite as a secondary
product.

It should be stated that such a mode of origin has already
been recognized by Professor B. K. Emerson* in his investiga-
tions of ¢« The Geology of Old Hampshire County, Mass.” In
a belt extending from Zoar to North Blandford, he has recog-
nized, in addition to the association and undoubted derivation
of serpentine from hornblendic schists (amphibolite), similar re-
lationships of serpentine with olivine, enstatite and sahlite.
With these mixtures are associated large beds of crystalline
limestone, dolomite and tremolitic schists. Concerning the
whole series, Prof. Emerson says “The presence of dolomite as
an original constituent, both as inclusions in the unchanged
enstatite and in the interstices of the enstatite
in great beds, indicates the derivation of the
large beds of dolomitic limestones.”

The asbestos occurs in two distinct forms,
¢“slip fiber ” and ¢ vein fiber.”

rock, as well as
whole series from

usually designated as
Such examination as has been

5. GLS, pp, 115 116,

*Geology of Old Ham pshire County, Mass., Mon, XXIV. T.

/‘—.,——-—-q‘,ﬁ)

>

P 8D
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made of the slip fiber shows it to :e 2‘1 ﬁbro\11;;)5nltr()ufear:}?rl;lst;(zilfe“
el er, on the other hand, 1s pro 3
g(ft}zeli?ngsbar:e found in the Belvidere a.s well 'as the' I'Jc?:vvell fbi:}llt;
and are best developed either in the un;nedflzl‘;ee \Sr;c::;r;ytinc; e
faults or near the upper and lower co‘ntac s 0 i
the amphibolites. A very good showing of the vein berwwas ¢
the northeast line of the New Englan prop ?7,
ZZ:;e:nIltek)agUnite(l States, but by far the best showing caanOet}elassllily
seen on the Tucker properties along the lower con.tacf. & ledgss
and vein fiber occur at the Perkins farm and again 1n : eb 1\7[1,
within the limits of Lowell village on pl’Opel:ty me;b .y.S q(.)
Silsbey. At some of these points the showmg‘ of1 esl e1Ctir\1g
pl’omi;ing that it is confidently believed that carefu .lilroegtabliSh
and the economic management of mode;t I:a::)ss g\ger osmb e
r nterprises in the manufacture ot asbes .
Srll(c)lﬁttﬁ:‘l; ;‘adei. Fiber fulfilling the demands of falg g{l:z)c}isﬂ(])i
paper stock, asbestos board, etc., has a.h'eady been 1.na et- om e
ore from the Tucker, National and United States pl.ope}rl;ere. e
statistics, however, of the production per ton of ore, v
obtained. | 1 e
ScmisTs.—The talcose and mica schists are wel hexpo d o
the south and southwest of Belvidt?re.v Tow?rdsht e ‘:?sit iy
along the slopes of the Missisquoi Valley, nzr}: en\t/ilre Se}lr.ies
Lowell, very excellent exposures may be seen. ee , n(;
maintains a general northeast-southwest strike a

so far as seen ke an
’ \ although to the southwest of Belvidere it

nearly vertical dip,
swerves towards the north. . T
While this most puzzling formation presents structural feat \
N . - . a
and to some extent a mineral constitution, which would suggest'
. . 'e
tary origin, a detailed microscopic study of the' entir
5 al a mass of data which would necessitate a

sedimen
terrane may reve

i Y ic characters.
change of view based upon macroscopic ¢

()RIGI F DERPE E ———3‘8 enfine was ea IV recogn /,e(l as
nht T ¥ g
IPENTINE. . lp
o ine torm as

ccu 1 l(]l € Nnasses as l()(:k nd alSO m CIVSth
occurt g U g S s a

mineral. As early as 1833 Quenstedt™ discovered crystals of
a . S

e e KXV L p. 310
*Poggendorf's Annalen fur Physik und Chemie, Vol. XXXVIL p
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ser . . .
inv;e):;g:s;rl]no;h;'1'eg10n o.f Snarum, Norway. From a careful
et pmduce(lls g]aterlal he w'as able to demonstrate that it
had deen produced ! )\7 the alteratlon‘ .Of olivine.  Although his
tions and studies of Roliorgrislggp:sglo?, D ot e
fone. 5 : nd, later, Roth, substanti
Cussel:msis()fpgsf;:efit'- In h'15 classic memoir, J. Roth*tlztiz(-i
el gives - ondden md its entirety. In ¢British Petrography”
ol gives a co these ;tatemffnt of the views of Roth. Hesays;
Weathering-wate; agt f)r po.lnts out that the ordinary agents of
weathe alumina., ca;rhomc acid and oxygen—are powerless to
remove alumi S;liacmt ej draws the general conclusion that if a
nonaluminous > tla e 1ocl.< occ.:urs as an alteration product, it
must o Powerﬁzf r;)lodl‘ﬁcatlon of an original rock free of
which may arise from tcheer:;(?;tizfec?fts S‘?tCh e e
whic , pyrites, capab X
:Zg :;;11211::;16\;\;2u1d of course also remove the,othir Leas((i ::::1)3;:
g the ! SZI. )entinec.essal“y f.or the formation of serpentine. Now
e }n anne(ylé plactlcally. non-aluminous, and it is also in
most, 1 importm,lt ds;;s, .ul‘lquestlonably an alteration product. It
o : erefore, to' consider what common rock-
Consmerations‘)Oilallte capable of yielding serpentine. The above
e e rh;mbi to 'the conc.lusion that these minerals are
londe o 2t cgyloi(;nes, diallage, and non-aluminous horn-
serpentine comln(;ncescgilthl:gtratljirfhe e e b e g
dation(;)f l;he iron if infiltrating vvagtel:'pc((;itvavitt:rf?i: (t))i - OXIi-
roceeds X e S ent.
Il)nainly . ():ﬁihbe(:ml:tl::).\al (1)f the t.)ases,‘ especially lime if}é;resent
fore soluble silica. kI’f 21::: ;IF:ZESH e e there-’
cas ivi 1
tbhflt no Ch?ﬂge of volume occurs,from 52(?11311]];;1:’1 (t)hl\(jln Oassilmfng
y removing TS oo
anfl adding 4 H,O we have 6 M O+1L Mgo e
01‘Im Ot};if words two molecules of serpentine%’ + 50+ L0
n a like manner Roth has ¢ stabli : i
serpentine by the alteration of Smgxsl(())c’lsii:id(:bl}l;hrzie:z fervation of

Uber den Serpenti eg tischen Bez g esst e
0 Serpentin und die genetisc
d. Wiss. Bertin, 18069, i T zlehlungen desselben. Abh. d. k. Akad

|
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ociation of some serpentines with dolo-

mitic rocks and ophicalcites has given some ground for the belief
that these magnesian rocks may have been produced by the altera-
tion of a mass high in magnesian carbonate. This process, how-
ever, is not regarded with favor, either by Roth or Teall, who are
inclined to accept the view that such serpentine masses as way be

ociated with crystalline limestones and dolomitic rocks, may
tremolite, etc., which develop

The well known close ass

ass
have been derived from malacolite,
in these rock masses by processes of metamorphisnt.

Some observers have also maintained that serpentine has been
produced by the alteration of members of the feldspar family.
f this sort have been described by Heddle,* and
ked a series of chemical reactions purporting to
Careful examination
gated

Supposed cases 0
Bischoft bhas wor
in the succession of chemical changes.
that the final alteration product investi
but pennine (pseudophite) .

expla
has shown, however,
by Heddle was not true serpentine,
CoMPOSITION: — Considered

VARIETIES AND
the term asbestos

mineralogist,
which has no well defined

ASBESTOS.
from the standpoint of the
a general one,
As used by Dana, the term is made to
In a

appears to be
generic or specific value.
include fibrous forms of four distinct mineral compounds.

careful study of the asbestos series in the geological department
of the National Museum, Dr. C. P. Merrill discovered that the
commercial asbestos included fibrous forms of (1) monoclinic
amphibole (tremolite), (2) serpentine (amianthus), (3) antho-
phyllite, and (4) crocidolite (blue asbestos). Concerning these
species Dr. Merrill says: ¢Of these, tremolite and serpentine
have long been recognized in fibrous forms, and are as a rule read-
ily distinguishable from on¢ another by thesilky fiber and greater
flexibility of the last named.

<« Asbestiform crocidolite is well known to most mineralogists,
though so far as the present writer is aware, the South African

locality is the only source of the miner

That the fibrous form of anthophyllite
to be commercially used as asbestos, seems not to be s

al in commercial quantities.

is also sufficiently common
o well

*feddle, Trans. Royal Soc.
tBischof Chemical and Physical Geolog

8

Edin. 1879. Vol. XX VI p. 544,
y, Eng. Edit., Vol. IL, pp- o6 and 67.
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understood, though the leading text-hooks on the subject all men-
tion the mineral as sometimes occurring in fibrous forms resem-
bling asbestos. That a lack of discrimination between fibrous and
thophyllite and the true tvemolite asbestos should exist is not
strange, since to the unaided eve they are often in every way alike,
and it is only by microscopic or chemical means that the true
nature of the mineral can be made out.” The best grade of as-
bestos, Italian and Canadian, very finely fibrous with Silky lustre
and usually occurring in veins with the fiber normal to the vein-
walls, is a fibrous form of serpentine, and properly cailed chryso-
tile, both by the mineralogist and the tradesman. Under this term
Dana includes much of the silky amianthus associated with ser-
pentine rocks and popularly regarded as asbestos. The term
Bostonite, too, has been applied by the trade to the Canadian
chrysotile.  The second and third grades may be regarded as
fibrous forms of the non-aluminus members of the amphibole fami-
ly. Considered as a group, the color is light to deep green or bluish
green; the fiber may be fine and wooly in texture and easily sep-
arated, but it differs from the chrysotile, in that it is often harsh.
flexible to a limited degree and waxy or dull in luster. These
grades lack any marked degree of tensile strength and hence are
not suitable for the manufacture of articles requiring a high degree
of flexibility and strength, such as cloth, rope, etc., but is all that
can be desired for uses wherein non-conductivity of heat is the
only essential quality desired.

Asbestos is essentially a hydrated silicate of magnesia, with a
small but variable amount of the oxides of iron and alumina pres-
ent.  Analyses of Italian and Canadian Chrysotile made under the
direction of Mr. J. T. Donald vielded the following results :

CHRYSOTILE,

I 1 1
(1) S0, ..o liL L L 30030 10.57 10.52
(4) MgO.oooooioi i 4337 41.30 42.05
(3) Fe O oo oo oo S7 2,91 1.94
(2) ALOgeoo oo 2.27 .9o 2,10
() BHLO...oooo oo a2 13.55 13.46
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1. Italian as found in commerce. LL Canadian, best g1‘afii,
Thetford-Black Lake district. III. Templeton, Ottawa diFEcl.

A comparison of these analyses V\:ith :chose of the am{) ;a;)uz
variety appended below, reveals certain differences of much

to the prospector.

ASBESTOS, AMPHIBOLE VARIETIES.

I. 11, IITI. Iv. V. Vi, Vii. VIIIL.

(1) SiO,... 55.87 55.48 57.69 57.12 37.73 39-00 32.11 53.28
(z) ALO, .. ..... 2.0 ... .- 0.75 72 .91 1.21 .....
0. . 20.02 ...

Fe,Op o0 vvie vveee onnes e s e 6

8; FeO ... 4.31 246 6.36 8.61 6.09 16.75 ...
(7) MnO .. Tz ..... O3 ceeon oo A - ‘\,.
(6) MgO... 20.33 17.23 23.68 29.14 28.77 29.90 [.75 22.87
(5) CaO.... 17.76 10.35 13.39 .-- .- 0.08 Jr,_ non‘eS.
(10) Ign.... ..... 1.47 O.17 5.74 2.52 2.33 1 .,( 19.53
(9) Na,O .. ..... .54 314 «---- 0.37 .68 6.16 .....
(8) KO vir i i e e IS T S

I. From Zillerthal. II. From Aexico. III. From Frank-

enstein.

IV. Anthophyllite. Sall Mountain, Ga., R. L. Packard.

V. do. Nacoochee Ga., R. L. Packard.
VI do. Mitchell Co., N. C., anal. by R. L. Packard.

VII. Crocidolite, South Africa, Dana, p. 400.

VIIL Crocidolite, Idaho, G. P.Merrill : Notes on asbestos
and asbestiform minerals. Proc. U. S. Nat’l Mus. \ ol. XVIII,
pp. 281-292.

1t will be seen that the latter contains from 15 to 17 per cenf.
more Si0, but only half the amount of MgO. This deficiency 1s
apparenth-' made up by the substitution of roto 17 per cent. (,?EO.
The two Jgroups may be therefore easily determined by proving
the presence or absence of calcium and water. The chrysotile
yields an abundance of water but fuses with great ditficulty on t.he
edoes of the fiber. F = 6. Theamphibole and pyroxene varie-
tie: however, fuse easily and yield little or no water m the closed

Y
tube.
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(8) PropUCTION.—An inspection of the tabulated data deal-
ing with the production of asbestos in the United States, during the
past ten years, reveals the unexpected fact that the annual output
was considerably less than 1,000 short tons, this mark being ex-
ceeded in 1900 by an additional 54 tons, and again in 1902, by
5 tons. In 1882, the output reached some 1,200 tons with an es-
timated value of $36,000. In 1901 the total production fell to
747 tons, with an estimated value of $13,498, but in the following
year again increased nearly 50 per cent. and was valued at $16,-
200. A comparison of values and amount of production shows
that the increase in output has been accompanied by a correspond-
ing fall in prices. During the past two years, however, the grow-
ing demand for all grades of the crude product, has increased the
values, especially of the better grades, where strength of fibre is
an essential quality.

While asbestos is known to occur in many localities in the United
States, the most productive field during 1902 was the Sall Moun-

tain, White County, Ga. It is operated by the *Sall Mountain
Asbestos Co.”

AnNUAL ProbucTioN oF AsBEsTos IN THE UNITED StATES,

18go-1902,
VEAR QUANTITY VALUE
SHORT TONS

1890 | ... 71 $ 4,560
189 | 66 3,960
1892 | .. ...... 104 6,416
1893 |t e 50 2,500
1894 | v 325 4,463
1805 | it 705 13,525
1896 | oi i 504 6,100
1897 [ 580 6,450
1898 | 603 10,300
1899 |t 681 11,740
1900 | v iiin s vua 1,054 16,310
1901 747 13,498
L 1,005 16,200

e — e~
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VALUE OF IMPORTED ASBESTOS 1890-1902.

UNMANUFAC! MANUFAC- |

YEAR [ \ D TOTAL
ENDING t TURED. | TURE \
- |
. e 0% 252,557 1% 5,342 $257,899
1290 ,,.,_\$ 3553’,55'879 4592 \ 358%61
I89I | 262,433 | 7,209 26?, 42
I892 175,602 | 9,403 “ 1%,005
1893 240,029 | 13,989 | 236’318
1894 225,147 | 19,730 | 244,82
1892 229,084 | 5773 | 234 %7
I89 ..... 263,640 | 4,024 268,264
189g 287,636 | 12,897 | 3,00,5%3é
15 303,119 | 8,949 | 3120
1900 331,796 | 24155 | 355:95!
To0s 667,087 | 24,741 \ 691,328
iggi 720,421 | 33,011 262,432
ANNUAL PRODUCTION OF AsBESTOS IN CANADA,
18g0-1902.
QUANTITY VALUE
YEAR SHORT TONS
9,860 | $ 1,260,240
801 9,279 \ 999,978
oo 6,042 388,472
1292 6,473 ‘ 313,806
1801 7,630 420,825
5s 8,756 k 368,175
ol 12,250 | 429,856
1507 a30,442 | 445,368
1895 a23,785 s 486,227
180 225,536 485,849
e ...l a30,641 763,431
190z .| a38,079 1,180,434
19?); b40,416 1/,;48,319
19 040,416 |

a Including asbestic.

b Including 10,197 tons of asbestic.
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PRODUCTION OF ASBESTOS IN THE WORLD IN METRIC TONSH,

Year Canada. Cape Cnlun)‘(u‘)‘ Ttalv

Russia \ United States

i 1

! | |
Tous VYalue Tons ‘ Value [Tons | Value |{Tons| Value [|Tons’ Value
:

1898‘21,577335 186,227 161 |3 10,185 131 |5 9,000{1666 % 60,000| 803 '$ 13,425
b

189922,938] 483,299 [b] :........ 81 | 7,264[2693| 97,342) 827 13,860
1900(27,797 748,431 137  12,783{[b] '....... [d}]........ 998 | 16,500
1901/36,475 1,259,759, 8  7,165| [b] I....... fajl........ 781 13,498
1902i36,668. 1,203,432 [d] «...... .. [fa) ... Mfall...... 916! 12,400

[a] From official reports of the respective countries.

[bl Not stated in the reports.

lel Exports.

[d] Statistics not yet available.

[*] The Mineral Industries, its Statistics Technology and Treas.
for 1902, Vol. XI.

Statistics show, also, that the value of the total imports,
manufactured and unmanufactured, for the year 1902, 1s $762,-
132. Nine-tenths of this is obtained from the Canadian mines.
According to the statistics gathered by Henry Fischer on the
world production of asbestos, Canada produced during the cal-
endar year, 1902, 36,668 metric tons valued at $1,203,452. It
follows from these facts that the United States have imported
more than half the valuc of total production of Canada. Under
these conditions it is evident that the demand for this product
ought to foster carcful and detailed investigations of all the
most promising arcas within our own borders. Vermont should
receive her share of attention and careful study. There is
surely sufficient cvidence of the existence of fibre 1n large
quantities within the Belvidere and Lowell areas to warrant

much additional careful and prudent prospecting and detailed
study.

[P
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Geology of Grand Isle Count)-f.

In the Report immediately preceding this there may be found a
somewhat detailed account of the geology of Grand Isle with a
map of the area studied. The work there begun was continued
through the seasons of 1903 and rgo4 and extended over the whole
county, that is over North Hero, Isle La Motte, and the peninsu-
la of Alburg. Although the whole area to be described has been
carefully gone over, some of it several times, nevertheless, the
present account is to be regarded as far from final. There yet re-
mains much work and very interesting work. Many parts of the
region abound in fossils which await careful collecting and subse-
quent study, and I have no doubt that such study would be amply
rewarded in the discovery of new forms and would furnish material
for new conclusions. The whole region is a most charming
one and nowhere is geologizing more delightfil and interesting.

Grand Isle County is composed of a large peninsula, Alburg,
and a group of large islands which nearly fill the northern part of
Lake Champlain. These islands are; Grand Isle, thirteen miles
long and on the average three miles wide, embracing 19,000 acres
North Hero, thirteen miles long and, on the average, a mile and a
half wide and containing 6,272 acres; lIsle La Motte, nearly six
miles long and a mile and a third in average width, containing
4,670 acres and several small and not permanently occupied is-
lands, as Providence, Cloak, Sawyers, etc.

Were it not for its peculiar physical features the county would
be a difficult region geologically because over most of its area there
are no bold outcrops of the underlying rock, only low exposures
where the surface drift has been washed off and these not always
where they are most needed. But because the county is so large-
ly made up of islands with their great extent of shore line and

consequent exposure of rocks it is for the most part not difficult.
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The whole county is underlaid by Ordovician® rocks which are
to a large extent covered by Champlain clays and to a much less
extent by sands and gravels. The whole county includes about
eighty-two square miles, or 52,480 acres. The surface is less
rugged and uneven than is that of the State in general and there
are nowhere elevations of more than 380 feet above sea level or
280 above the Lake. Indeed elevations approximating this altitude
are not comrhon and most of the surface is much lower.

On Grand Isle there are elevations on the east side south of
Sandbar bridge, others west of Keeler Bay, also near the south
end of the island, and north of Keeler Bay. In all these
places the rocks have been thrown up to a height of 100 feet or
more. [ did not find on North Hero any elevation greater than
60 feet above the Lake and most of this island is much lower
than this. Isle L.a Motte is more diversified than the rest of the re-
gion in its wide lowlands and abrupt upheavals. At the Head,
which is the extreme southern part of this island, the rocks, most-
ly Chazy, rise quite steeply to a height of 140 feet above the Lake
or 240 feet above sea level. North of this there is a large swamp
which almost cuts the island in two and north of this is another
abrupt rise of the-ledges of Trenton limestone which at'the high-
est are 220 feet above sea level. Yet farther north on the west
side below the light-house is another rise nearly as high.

On Alburg peninsula there are numerous elevations and numer-
ous large swamps. The elevations here are mostly quite incon-
siderable, zo feet to 40 feet in the southern part, while through
the wide northern part the levels are all low, and much of the sur-
face swampy. Naturally, because of its insular character, the
county has a very great extent of shore line. I do not find any
measurements of the whole of it, but as nearly as I could measure
it, and as shown by the U. S. Coast Survey and U. S. G. S.
Topographical maps, there is in all 127 miles, that is, 1424 miles
on Isle La Motte, 31 miles on Alburg, 42 on North Hero, and 40 on

*1In my previous Report I have used the term Champlainian for these beds and T
prefer this term, or that of the New York geologists, Champlainic. I believe that the
term Ordovician is open to serious objections. Notwithstanding this, I use this term,
under protest, as it seems to be almost universally adopted by geologists and the use of
either of the others under the circumstances can only tend towards confusion,




Prate XXXVIIL

Dike near Robinson’s Point. T'he Dike Rock is twenty inches wide, and projects from
two to eight feet beyond the shale. TItis of a brownish color, while the shale each side is
black, so that it is less conspicuous in the picture than it should be.
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shown later, this is true to a still greater degree of the rest of
the county.

Tue Urica here, as everywhere, is for the most part a brittle,
thin bedded, rather soft rock, but in places it grades into limestone
so like the Trenton both in texture and fossils that it cannot be
distinguished from it, so that there is a very gradual transition
from Trenton to Utica.

Generally, the color of the shale is black or nearly so, but in some
places it is banded with gray or light brown, Sometimes, asin the
great cliff south of Sandbar Bridge, these bands are very numerous

and several inches wide. Plate XL shows one of the typical Utica

exposures as seen on the shores of the Lake and Plate XLI shows
one of the highest and most disturbed of these. Veins of white
calcite are very common in the shale and in a few places on both
Grand Isle and North Hero it is penetrated by layers of white
quartz. Elsewhere, as on Kibbe Point, there are ferruginous silice-
ous layers which become rust brown on exposure to the air as the
iron oxidizes, The Utica beds for the most part contain very
few fossils. As has been noticed the Utica beds show greater dis-
turbance than those of any other formation found in the region and,
as more fully described in the last Report, the cliffs south of
Sandbar bridge are not only upheaved, but folded and crumpled to
an extent rarely seen, as plate XL1I shows. This plate also repre-
sents the banding mentioned above.

Not only are the Utica beds on the island barren of fossils, but
where these do occur, the number of distinct species is small so
far as has yet been discovered. The following have been found
and in a few places some of them are fairly common: Zriarti-
rus beckii, Diplograplus pristis, Climacograptus bicornis,
Sehizocrania filosa, Orthoceras coraliferum,

As the yellow area on the geological map of the island shows,
there is a large portion of the middle occupied by TreNTON
rocks. These begin on the north, just south of the cross road which
runs from Pearl Bay west through the village of Grand Isle and ex-
tend south for somewhat more than six miles to McBride Bay
where they come against the BlackRiver.

Most of the beds are black, compact, not greatly disturbed and
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often, as in Plate XLIII, very regular and horizontal. Plate
XLIV shows an ordinary outcrop of Trenton on shore.  Although
usually black, there are beds of various shades of gray, some
of them closely resembling Chazy rock. They are mostly, if not
wholly, Middle Trenton, though there are some beds of Upper
Trenton.

On the west shore north of Gordon Landing the typical Trenton
limestone becomes shaly and gradually passes into the Utica,
Diplograptus pristis and Asaphus gigas oceuring on the same
bit of stone. Elsewhere in the same shaly rock 7rinuclens con-
centricus, Orthis testudinaria and Calymene callicephala ave
found together. We have here, therefore, what may be consider-
ed as Utica shale with only Utica fossils, an intermediate shale
with both Trenton and Utica fossils, and Trenton shale with only
Trenton fossils, there being no discernible division between them.
These conditions are not of common occurrence, but they do
exist, On the other hand there are. Trenton layers which can
be distinguished only with difficulty from the Chazy by the lithologi-
cal character. These beds are not very fossiliferous but when fossils
are found they soon decide the age of the rock. The more common
Trenton fossils found on Grand Isle arve as follows: dsephus gi-
gas, Calymene callicephala, Trinucleus concentricus, Leptacna
sericea, Rafinesquina alternata, Platystrophia biforata, Or-
this lynx, Zygospia exigua, Z. recurvirostra, Conradella com-
pressa, Bucania punctifrons, Bellerophon bilobalus, Holopea
paludiniformis Endoceras proteiforme, Orthoceras junceum,
O. olorus, O. amplicameratum, O. stricatum, Monticulipora
lycoperdon, etc. etc.

There is, in addition to the area shown, a Trenton out-
crop too small to be indicated on the map. It is a little knob of
undoubted Trenton, as it affords typical fossils, located in the
south part of the island a little north of the letter o in the word
South on the map and just below the angle made by the fork in
the road in the midst of the Chazy area.

Tue Brack Rivir LimestoNne.—As the green areas on the
map show, the rocks of this age do not occupy a large space on
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the island. There are in all six exposures. Five are seen on the
map and one, too small to be shown, is found crossing the road at
a point that may be indicated by the first letter o in the name South
Hero as it runs close to the eastern edge of the letter and the out-
crop almost touches, or would if shown, the top of the same letter.
This formation is found on the shore only at Sawyer Bay and a
short distance south and at McBride Bay for a few rods. It is
everywhere a compact, hard, brittle rock breaking with the smooth
fracture that is typical of this limestone, It is mostly black, but
in some of the exposures it is grayish or drab.

The most typical Black River is found along the Lake as shown
in Plate XLV. The masses farther inland are lighter in color
and often filled with veins of white calcite as seen in Plate XL VI,
Many of the older houses on the island were built of blocks of this
limestone, which could be used as broken from the main mass
without much, if any, shaping. It is greatly to be regretted
that many of these substantial and picturesque buildings have fall-
en to ruin and disappeared. i

The more common Black River fossils, Columnaria alveolata,
Maclurea Logani, Stromatocerium rugosum, Tetradium fibra-
tum, Rafinesquina alternata etc., are found in some layers, but
for the most part this stone as found here is nearly destitute of fos-
sils. The large Maclurea, which I have, though with much ques-
tion, called Logani, is abundant in some layers near McBride Bay
and also great masses of Columnaria, twelve to eighteen inches in
diameter are occasionally found. Plate XLVII shows one of the

best exposures of this rock and, incidentally, one of the typical
semicircular bays of the islands.

Tue Cuazy. Although not as extensively distributed over
~ Grand Isle as either the Utica or Trenton, the Chazy is per-

haps the most interesting formation found on the island in-
asmuch as it presents a much greater variety in its beds and
their contained fossils. The three areas, colored orange, are
sufficiently well shown on the map. In no case has the Chazy
been greatly disturbed, the dip being only a few degrees. The
very great variety in the different beds and the number of beds
is shown in the lists given in the last Report. Most of these
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" beds are quite thin as would be expected, and as is neces-

sarily the case, since the nummber of beds is so considerable and
the total thickness of the formation not great. Most of them
abound in fossils and some of the Rhynchonella beds and those
containing Strephochetus are almost wholly made up of these
fossils.  Corals, Sponges and Brachiopods are usually very abund-
ant, Yet there are some beds which are very barren. While, as
has been noticed, most of the beds are thin, only a few inches or

" at most three or four feet thick, there is one bed which exceeds

any that I have seen elsewhere. This is the great bed exposed by
the quarrying at Phelps Point shown in Plate XLIX. A typical
Chazy exposure on the shore of the Lake is seen in Plate XLVIII.
The beds belong mostly to the upper Chazy, though the middle is
not by any means lacking ; and there is a small exposure of the
lower.

Most of the common Chazy fossils occur, and, as has been stated,
some of them in immense quantity. In the last Report (pp. 151,
116, Plates LVI, LIX) Prof. H. M. Seely has described some
new species of Chazy sponges from these rocks. Plate L. shows
one of these in place in the rock as taken from the quarry and it
also shows how nearly the fossil composes the whole mass.

Tue Beekmantown, (Calciferous.) Only a very small area,
colored blue on the map, of rock of this age is exposed on Grand
Isle, none at all on North Hero and Alburg and only a narrow
strip, at the southern end, on Isle La Motte.

On Grand Isle it appears near Phelps Point in the position
shown by the blue space onthe map. It is located in the upper
part of the Beekmantown and is a hard, very siliceous stone contain-
ing few fossils, and those inconspicuous, such as Zlsockilina, Bath-
vurns, Asaphus, etc.

The Beekmantown appears in fine exposure on Providence Is-
land a few rods south-west of Phelps Point, the entire island, ex-
cept a narrow tongue of Chazy at the north end, being composed
of this rock.

NORTH HERO.

The peculiar form of this island is evidently largely due to
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Typical Chazy Cliffs. Wilcox Point, Grand Isle.



PLATE XLIX

Thick Bedding of Chazy at Quarcy on Phelps Point.
feet in thickness.)

(MThe upper layer is over twenty



PLATE L.

Photographed from a Layver almost wholly compossed of Strephochetus ocellatus,
Seely. Upper Quarry at Phelps Point.
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of this region, this is mostly poor in fossils, but in places 7riar-
thus and Diplograptus are common.

The surface of North Hero is level there being no elevations
higher than 6o feet above the Lake and these are few, by far the
greater part of such elevated land as there is being less than 40
feet above the Lake.

The total thickness of the shale was not made out, but it is not
less than 200 feet, and is probably more. A well sunkto a depth
of 120 feet near the Creamery did not go through the shale and
there are many feet above this. Except boulders, no other
rock except Utica shale appears on this island. Most of the
rock is covered by glacial clays and often below this is a very
similar clay which is the result of the decomposition of the
shale. Just how much of the soil of the island is due to de-
position of glacial material and how much is due to the decomposi-
tion of the shale it is very difficult to determine for the one very
closely resembles the other. So gradually and quietly has the
change of shale to clay gone on that often when a section has
been made through the soil and down into the solid shale, it is
impossible to decide definitely where the clay ends and the rock
begins. This is well seen in several of the cuts of the Rutland
R. R. Even the lamination of the shale may be as distinct as
ever in the clay and not until one undertakes to move a mass
daoes he discover that it is clay and not shale, However it has
been formed, the clay of one sort or the other, and usually of
both kinds, covers a very large part of the rock. Along the
shore of the Lake, of course, there is a good exposure, though
even here the rock is often interrupted by sand for a greater or
less distance, where it has been carried out. The surface soil
varies greatly in thickness. The depth is not usually great,
sometimes only a few inches, elsewhere a few feet,

There are several low areas occupied by swamps and it is
quite probable that some or all of these were formerly water
ways and the present island was therefore not one, but several.
This, if ever, must have been after the channels had been cut
through the shale making islands from what had been the main-
land. That is, there were at first no islands. But after the



112 REPORT OF THE VERMONT STATE GEOLOGIST.

Utica had been deposited as a muddy mass under the sea of
which the Champlain region was part, and after this mud
was consolidated into shale and the whole had been somewhat
elevated and become dry land, then the waves, or currents, or
both, washed channels through the land here and there, a pre_-i;'.
cess which probably required centuries for its completion.
Thus, finally, a small archipelago was formed out of what had
been one land area. Then some of the shallower and smaller
channels, either through filling or elevation of the bottom, ceas-
ed to be occupied by water and either became dry land or re-
mained swampy, while the deeper channels still separate one is-
land from another or from the mainland.

On North Hero the principal partly submerged areas are as
follows. One extends from Pelot Bay south-west for about a
mile to the Lake. A second runs from just west of the Carrying
Place to City Bay. A third cuts off the south-west part of the
island ending at Hazen Point. It is not probable that, geologi-
cally speaking, the time since these were covered with water
is very long,

The following running account of the disposition of the rocks
along the shore of North Hero may not be uninteresting to
those who may wish definite knowledge as to the make up of
the island.

Beginning at the Carrying Place and proceeding south along
the east shore we find a low, shaly, slightly sloping shore from
which the land rises towards the west, that is inland, and forms
a ridge about 20 feet high, beyond which is the marsh mention-
ed above. Farther on towards Hibbard Point, the shale near
the water gives place to sand. Then the shale again appears,
and at the Point it rises in a cliff 20 feet high and this increases
soon to 40 feet. At Hibbard Point the shale is quite variable
in character. In some places it is compact and thin bedded,
elsewhere it is thin and friable.

Everywhere Zriarthrus and Diplograptus occur and nearly
or quite entire’specimens of the trilobite are unusually common.
The shale at this point dips, 4°-5° E. 20 ©S. ordinarily, but in
places the dip increases to 20° and becomes nearly due east.
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The shore is for the most part shingle and there are no boulders
north of the Point. But not tar south of it boulders begin to
appear in abundance.

Continuing southward along the edge of City Bay, Plate
LII, there are numerous small boulders and, occasionally,
outcrops of shale where the wash of the Lake has carried off the
covering soil. At the southern part of City Bay the shale comes
to the water or near it,and soon forms a cliff 2o feet high and from
this point south for more than three miles to Knight Point where
the bridge crosses to Grand Isle the rock is nearly continuous,
there being only a few small breaks where clay comes to the
water. Throughout this distance the Utica shale appears in a
series of low cliffs not far from 20 feet high with little variation
until within half a mile of the bridge. The shale here is not as
regularly bedded and not as perfectly jointed as that on Grand
Isle, but it is everywhere irregular, although there is little up-
heaval and no dikes. Throughout, the dip varies but little from
10°-14° E. 20°S. though occasionally it is somewhat more,
bnt never over 20 ©. In this part of the island the underlying
shale does not seem to have decomposed to form soil similar
to the glacial clays as noticed elsewhere, but the line of demark-
ation is usually distinct. In places there are numerous small

masses of pyrite in the shale.

Blockh .
e It would hardly be anticipated that glacial striae would be

noticeable on so soft and easily weathered a rock as the shale
and they have altogether disappeared except where the wash of
high water has recently uncovered new rock. In such places
the striae are sometimes very fresh. It chanced that in the
spring of 19o3 when I did most work in the region, the water of
the Lake was unusually high and there were high winds by

Y & arrying Place: |

Dameas Id: .

- /A - Henld. W means of which more than ordinarily the banks were washed and
Glacial Clay. Blac er'. 5, Hibbara Pt . a much larger area of fresh rock was uncovered along the shore.
, I” e The first place where markings were observed was about a
Utica. .- Chazy mile south of City Bay where these were beautifully clear.

These striae varied considerably in size and direction. Most
commonly they were S 20 ©-25° W. but there were many lines

Trenton. . Beekmantown.
s which did not take at all this direction. For example on the
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surface of one ledge 1 found the following: $S.40°2 E. S.60° E.
S.20° W.5.40° W. 5,65 ©W. S.20 2 N. Curious curved striae
were also noticed here and other unusual marks, possibly made
by pebbles rolling under the ice.

After leaving City Bay with its shore strewn with little boul-
ders, none appear for more than a mile. Then they again occur
and of far greater size. Some are very large. There was a
group of five large masses of the Swanton marble, the mottled
red and white, which were far larger than any others in the re-
gion. The largest was 7 feet wide, 12 feet long, 7 feet high.
The other four were smaller, but still large. These huge masses
are the more noticeable because most of the boulders are much
smaller, not usually more than 2-4 feet in diameter and they are
from more remote localities, being mostly Canadian rocks.

From Knight Point on by Camp Meeting Point and around
Hibbard Bay the shore is low and sandy no rock appearing at
any part though a little back from the water it can readily be
met. On the south-west side of Hibbard Bay there is a shale
mass some 40 feet high which forms a rounded knoll and beyond
this is a singular remnant of what was formerly a much larger
strip of land. This is Bow and Arrow Point, a beautiful strip of
shore, as Plate LIII, which I am able to give through the cour-
tesy of the Rutland R. R., shows. Between Bow and Arrow Point
and Hazen Point the shore is marshy or sandy, as Plate LIV
shows, but there is an exposure of shale arising out of the marsh
just before Hazen Point is reached, From Hazen Point north-
ward the shale is to be seen with little interruption along the
shore for about five miles, Plate LV. Along most of the
west shore the shale cliffs are from 20 to 4o feet high and gene-
rally are near or quite at the water's edge even in midsummer.
As one goes north from Hazen Point the shaly layers are at first
nearly horizontal, but after some three fourths of a mile, they
are disturbed and there is an anticline and the layers dip from
25°-40°. Here for several rods the compact shale forms a
solid, sharply sloping shore from which all shingle or fragments
have been washed. Yet farther north there are abundant eviden-
ces of disturbance in the folded, crumpled and broken strata.
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On the west side of Pelot Point the cliffs of compact shale rise
almost perpendicularly from the water to a height of 40 or 50
feet. This long, narrow point is the highest land of so large ex-
tent on the island. There are knobs or small areas elsewhere
as high, but none of them are nearly as large in extent as this.
This elevated space was probably at one time a small island by
itself. 1t is a mile and three fourths long and only a quarter of
a mile wide for the most part, and the widest part is not over
three eighths of a mile wide. On the east side, the shale is cap-
ped by one of the heaviest beds of clay. Yet here and there, the
shale reaches the surface. Near the end of the Point there is an
excavation from which the railroad company have taken out a
large quantity of shale for ballast and to help fill the embank-
ment through the Lake to Alburg. The east shore of Pelot Bay
is low and there are only a few places where rock appears. The
shale on the west shore is much broken and tilted and there are
several small anticlines. As a rule, however, the dip is not
more than 20°-30 ©, for the most part S. E. From Graveyard
Point at the eastern terminus of Pelot Bay eastward to the
Carrying Place, the shore is low and swampy.

Following the west shore, still north beyond the Carry, there
are low shale outcrops followed by a low sandy beach suc-
ceeded by shale near the turn of the shore line to the west.
From this point on to Blockhouse Point the shore is again low
and sandy except at one place where the shale crops out in a
low exposure. At Blockhouse Point there is a much stronger
outcrop of rock and it is more compact than usual. It is also
peculiarly banded. A section taken on the west shore a little
north of Blockhouse Point gives the following layers:

gy snriace SN sy et et R el inraibs oty 3-4 feet
Much decomposed shale.........coveirienennnnann, 2 feet
Wt Uand Oray-CIUAIEE. . oo catesrs siotie s ectlnie oronae mioytots 12 in.
T SR T4 N e R ey 6 in.
EVVELLE s ctrss vy Risetebosm s e elis woupavarolne o' iwatadnewon 224y 1M
Shale crumpled and broken.... .. .euaemiivici v 3 feet
Y D s SRR e s R e R e 7 in.
Siliceous layer weathering rust color............... 8 in
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North of this section the bands of quartz occur for a short
distance there being sometimes one and sometimes two.

In the last Report there were noticed some interesting sili-
ceous layers in the Utica at Kibbe Point. I have seen such no-
where else except in the same shale a little north of Blockhouse
Point, but they are much less numerous at the latter place.
These layers are very conspicuous since they weather to a light
rust color, though when freshly broken the stone is steel gray.
Farther north the banks along the Lake grow higher and a
peculiar slaty cleavage appears in some of the layers of shale.
The shale beds here reach a height of 50 or 60 feet and reach
north to within a half mile of Macomb Bay. Beyond this bay
north to Stevenson Point at the end of the island, the shore is
low, sandy or muddy and often thinly strewn with small bould-
ers. The only bit of shale that appears on the west shore be-
tween Macomb Bay and Stevenson Point is at FeeFee Point
where there is a small exposure which hardly rises above the
low shore. Passing around Stevenson Point and down the east
shore, we find a low, sandy beach strewn with small boulders
for about half a mile when shale is again found and from here on
there are frequent outcrops of sharply tilted rock which nowhere
form cliffs. The dip is in the main E. 209-30°S. In
places 1t is as great as 45 ©, but not more. As seen, south of
City Bay there are small areas where the soil has recently been
washed off and here glaciation is displayed. Many of the
scratches run nearly due north and south, others S.20° E. but
the most common direction is S. E.

About three miles north of the Carry the shores are 10-15 feet
high. The shale is heavily capped with clay soil. South of
Long Point there are more boulders than anywhere else on the
island. At Parker Bay is perhaps the best and most gradually
sloping sand beach on the island, and the sandy shores continue
for some two miles south of Long Point no shale appearing,
and as a whole there is more sand than shale on the east shore,
while the reverse is true of the west shore.

ALBURG.

This peninsula is a long tongue of land reaching south-
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Shore of North Hero. Low. Utica Bluffs.
Courtesy of Rutland R. R.
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ward from the Canada line for 11 miles. From Alburg Cen-
ter south the width is nowhere more than 2% miles and for
the most part less, while north of the Center the width rapidly
increases until at the boundary it is six miles, The entire area
is considerably greater than that of either Isle La Motte or North
Hero, being 23,040 acres, The surface is more varied and
irregular than that of the rest of the county. Only the south-
ern part of Alburg is shown on the map, Plate LI. If one
looks at the United States Geological Survey topographical
map, he will see that not a small part of the peninsula is cover-
ed by marshes, Two of these are very large, while several are
of small area, Between the swamps, the land rises in hillocks
and ridges, the highest being 100 feet above the Lake though
most of the surface is much lower,

The only rock on Alburg is Utica shale and, as on the islands,
this forms cliffs usually not more than 20 or 3o feet high
along the shore, interrupted by stretches of sand and marsh.

ISLE LA MOTTE,

Though not as large as the islands thus far considered,
Isle La Motte is nearly 6 miles long from Reynold Point
on the north to the southern part of the ¢« Head." The
greatest width is across from Fisk Pointto Holcomb Point, 2
miles, and the average width is not far fromamile and three-
quarters. It contains 4,670 acres. As the map plainly shows,
its shores are less cut into by bays than those of either of the
other islands. Indeed there is no deep bay anywhere along the
shore for the three identations, all on the east side, which cut
into the shore line enough to be recognizable as bays are not
extensive, Geologically, Isle LaMotte is more like Grand [sle
than either Albargh or North Hero, but in many respects it is
unlike any of the adjacent land.

The surface is irregular by reason of hills and valleys, though
there is a wide extent of level prairie like land near the middle.
The boulder drift, which is almost wholly wanting in other
parts of the county, is conspicuous here. Some portions of
the island are completely covered with small boulders, and enor-
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In some places, however, the rock for a few rods has been car-
ried out and the shore is sandy. Elsewhere, even at lowest
water, the cliffs come to the water so that there is no passage on
land. Thus there is a marked difference between the eastern
and western shores. Near the western border of the north half
of the island there are some very interesting sea beaches. The
road which runs north from the Chazy ferry follows the western
edge of one of these old beaches and the cross road from the
ferry to the Corners passes by a cut through one of the largest.
Plate LVII shows a bit of one side of this cut. In places this
beach material is very distinctly and regularly stratified and
contains numerous shells, Macoma, Mytillus and Saxicava.
Mytillus edulis is usually not common in the Champlain
clays, though the other species often are, but here it is the
most abundant species. The shells occur in layers an inch or
two thick. This beach is the highest on the island and is from
60-80 feet above the lake. It extends from about a quarter of
a mile south of the road north nearly to the end of the island.

There is a succession of beaches which rise like terraces one
above another from the west towards the east. As has been no-
ticed, the immediate shore on the west side is low and sandy,
but north of the cross road to the ferry it is, even in summer,
only a narrow strip from 10 to 50 feet wide and is only slightly
sloping. Then the steep bank rises abruptly 10-30 feet. This
is the first of the beaches. It contains Mya arenaria and
Macoma fusca and a few small boulders. The carriage road
to the lighthouse runs along the top of this beach. Not
far east of the road there is a second beach and east of this a
third and finally a fourth. They are all within half a mile
of the Lake.

South of this system of beaches there is a wide, almost en-
tirely level region over a mile wide on the west, but growing
narrcwer towards the east. + This reaches across the island.
The surface 1s only a few feet above the ordinary level of the
Lake and most probably at one time the whole was covered by
water and, of course, in this case there were two islands.

As will be seen later, it seems likely that this whole area is
underlaid by either Trenton or Upper Chazy as suggested by
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Brainerd and Seely in their, paper on Calciferous Formation in
the Champlain Valley. Bull. Am. Mus. Nat. Hist. Vol. VIII,
p- 312. ‘‘Away from the shore the strike and dip of the Trenton
are uniform and identical with the strike and dip of the Chazy
to the south of the marsh, we may, therefore, suppose that the
concealed strata are the uppermost beds of Chazy, which at
Chazy village six miles to the west, and at Valcour and Grand
Isle, consists largely of Rynckonella plena. In fact boulders
of these sitata are found on the shore of Isle La Motte to the
south of the marsh.”

As may be seen on the map, the marsh mentioned above
divides the island into a southern and a northern portion each
being approximately equal to the other.  Undoubtedly, the
rock masses which formerly filled the marshy area have been
carried away.

North of the marsh which extends from just north of Jordan
Point nearly across the island the rock is mostly Trenton,
flanked by a very narrow Utica area on the east and a small
patch of Black River north of Clark Bay.

With the exception of the small exposure of Utica just south
of Jordan Point and the narrow strip of Beekmantown at the
Head, all of the island south of the marsh is Chazy, Upper,
Middle and Lower,

There is no Trenton south of the marsh nor any Chazy north
of it.

In the north-east part of the island, there is an upthrust of
the Trenton which at the highest is 100 feet above the Lake and
extends over quite an area, within which is a much smaller
space where the elevation is 120 feet or more. In the southern
half there is also an uplift. Here at the southern part of the
Head the highest rocks are 140 feet above the Lake from which
the cliffs rise very rapidly to their full height and then slope to
the northward much more gradually.

Thus, beginning at the southern end, we have the following
terranes on Isle La Motte, First, forming a part of the shore of
the Head, a narrow edge of upper Beekmantown, (blue on the
map). Above and north of this is a full exposure of all the
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Group B (Middle Chazy).

Bluish-black, massive limestone like B, 3, at Valcour Island,
containing Maclurea magna in abundance, and strata large-
ly filled with Stromatoceriwum, 'The gray oolitic bed is
found here at the base of the group, and the strata at the
top are unusually massive, about...........c...ovvenn... 150 ft,

Group C (Upper Chazy.)

1. Pure, fine-grained, dove-colored limestone with intercalated:
beds of silicious and dolomitic, iron-gray limestone, con-
taining Cyrtoceras boyeil Whitf., Orthoeeras titan Hall, Placo-
paria multicostata Hall, Lichas champlainensis Whitf., and

undescribed species of Illeenus and Bucania. ... ..., ...... 120 ft.
2. Boncealatd: s siv s s sl R S G ey e L e 150 ft.
Total thickness of Chazy at Isle La Motte........ 643 ft.
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Seely’s map of Isle La Motte and will be a useful addition to
the colored map. As to the use of the map the authors call at-
tention to the fact that “‘in using the map for field work it
should be remembered that the shading indicates the p8Sition
of the strata on a horizontal plane at the level of the lake. Be-
cause of the small dip the exposures of these various strata at
elevated points should be looked for farther south than in-
dicated on the map."

If we follow the Chazy from the north, it first appears at
Jordan Point on the south side of Clark Bay. This bay is not
named on the colored map, but it is the small bay north of Jor-
dan Point. On the south side of this bay there is a low glaciated
outcrop of limestone which is the first of the Chazy. This is
only about jo feet across, then there is a short stretch of sand
and we come to the point. Jordan Point is a sharp upthrust
of rock, somewhat over 20 feet high, the strata dipping to the
north. Most of this limestone is compact and hard, but there is
a shaly layer near the water.

From Jordan Point south, following the lake shore, the
Chazy beds form low but massive cliffs with no shore. These
beds continue for several hundred feet without break and then
there is a little bay only 200 feet around its shore, Beyond this
the solid beds again appear and can be followed for several
miles. Indeed, with the interruption of two or threesmall bays
they are, as before noticed, practically continuous as far as
Fisk Point, some six miles or more. About forty-five rods
south of Jordan Point there is a curious brecciated limestone
which is thrust up against the more regular Chazy beds. There
has probably been some faulting here and more or less dis-

turbance. The breccia is a very dark mass including frag-
ments, generally angular, of a compact, fine grained, bluish
limestone. The inclusions are very numerous, are usually
small, that is, not larger than a hen’s egg and many much
smaller, some no larger than peas, but occasionally, a piece
will be seen that is 6 or 8 inches long and half as wide. Plate
LIX shows the mass of this singular rock as it lies thrust up
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against the regular beds in the background and also the rock
itself taken at short range,

Atits first appearance this brecciated mass appears for 175
feet Mong the shore and is from a few inches to 4 feet in thick-
ness.  Evidently it is only a remnant of a larger mass; near the
southern end of this there is an upthrust of Utica, This shale

is much crampled and has been violently thrust up against the
breccia,

Evidently, there has been faulting between the shale and the

breccia and between the breceia and the regularly bedded lime-
stone,

As to the age of this breccia, 1 cannot speak positively,
Longer examination of the inclusions would, doubtless, reveal
fossils which would decide the matter. So far asI could dis-
cover, most of the included bits of limestone contained no
fossils.  But in one of the larger pieces Illenus was found and
in another case Maclurea was obtained so that it seems
pretty certain that the included fragments are Middle Chazy and
of course it follows that the rock itself is later, perhaps, upper
Chazy. The Utica mentioned above extends for 500 feet south
and forms the shore at the water edge for this distance, but this
tock is confined to a narrow strip not going inland from the
immediate shore. After the shale, the brecciated layer again
appears for about 50 feet and then for nearly a quarter of a
mile, the solid Chazy beds form the shore, A little bay north
of Goodsell's quarry makes a break in the rocks for a few rods.
The strata nowhere dip more than a few degrees, at most 20°
or 30 8. W., and usually much less. ~Just north of Goodsell’s
quarry there is a fault and 30 feet of the rock has gone out,
At Goodsell's the rock is Middle Chazy. There is, naturally, a
good exposure of the limestone at the quarry and west of it in
the fields, and also north there are numerous and extensive
outcrops. North of Duba’s house and in Phelps’ pasture the
Upper Chazy beds appear and south of this on the west side
of the road and on to the main north and south road the Middle
Chazy isabundant. The great numbers of Maclurea magna in
some of the layers is very remarkable. So too, in what seem to

p
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be isolated patches, colonies of cephalopods occur in n:lost l;ltﬁ;-{
esting fashion. There is herea rich field i?r extended stu year
these beds, The Upper beds, with Rhaphistoma, etC. ap;}we
o run into the Middle beds with Maclurea, etc. ]‘ustf a ;
what may be called the Maclurea layer, though thl;l or]m 4
found in all the beds of the Middle Clhazy, is a thin lay
which contains a peculiar Stromatocetold fosgi '.?rhlch 15 Vetg
abundant and characteristic and associated ‘.j.‘lth it are gr:;abe
or less patches of a very different roc}t wh.lch apPeaJsb i
made up largely of finely broken fossils fmxed .Wlth%;l Zr ’
sand. Below this comes a thick layer in which Jloac nftrm
magna is most abundant, in some parts of the roc,k filling 1 it
the exclusion of other fossils. South of Goodsell's quarry :
shore of the bay, which does noi: ;ee.glt to have a name, 1S
i of sand as far as Holcomb Fomt, o
qlr:itecli: the Middle Chazy appears, at ﬁr?t in low, ge}:)ti'} S::;ﬁe
ing layers with a dip of 3°-5° N. W. The roc I[S i
rather thin bedded of a dark bluish gray sh‘ade, not very o t
ferous, though a few species, as an occasional Maciureta,iiia;.,
may be found. Beneath these layers are others 20;1\; aining
numerous fossils. These beds all dip 3©-4°N. 20 %
Below Holcomb Point the Upper beds are thfn fmd in SOB:':
cases shaly. Stromatocerium appears, The qap lllnc:ieadssesare
200 and is more directly west. South of this the )et ke
heavy and filled with fossils, the weathered surfac}e l0e :here
layers showing a small Maclurea in great abundat?ce, E;ds i
brachiopods are equally abundant. These massw; s
a very solid wall along the shore for some rods. Stl

: Iy,
south, these beds are underlaid by those that are more shaly

) ' in out and
but before these latter appear, the massive beds thin ou

there is a well defined fault. The shaly beds have beenr r; :; :l
to by the waves leaving the upper ones more ot less o::)t Imgw :
ing. Back from the Lake, there are {wo quarlne{s o
worked, but from which in times past a good deal of

been taken out,

North of Waite Bay, fora c!uarter of
and strewn with a great variety of, most

2 mile the shore is low
ly small, boulders.
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Then there aresome rods of clear sand and then,on the south side
of the bay, limestone beds 2 or 3 feet thick come to the surface
some 20 feet back from the water. These beds are probably
Lower Chazy, though I found no charactetistic fossils. The
rock is hard, siliceous, in some layers, softer and shaly in
others.

On the Reynolds property it forms cliffs 10 feet or more in
height. Just beyond the boat house on this property, a brec-
ciated layer similar to that mentioned previously, is again met,
and beyond, it forms the mass of a high cliff.

There is here a fault running from Waite Bay S. E. and on
across Cloak Island. In some places the rock is finely glaci-
ated and capped by glacial clays and beach formation in which
is abundant Mya arenaria but nothing else. Further on
around the Point, the limestone is more strongly tilted, S. E.;
however, the beds are here so disturbed by the faulting that no
* dip of much value can be taken. The structure of this Point,
which so far as I could discover has no name, is substantially
the same as that ot Cloak Island a few rods S. E., and evi-
dently the beds were originally continuous through the present
water way. Nearly in front of the Reynolds house, the
cliff is composed of layers as follows: At the water there
are 10 or 12 feet of a peculiar muddy layer made up of a rust
colored cement in which there are usually rather small masses
of corals and bryozoa so that it closely resembles breccia or
conglomerate. Above this there is a layer some 16 inches thick
of strongly tilted, dark shale. Then comes a bed of gray lime-
stone filled with small fossils. then another layer of shale 6
inches thick. On top of all is a mass of limestone 3 or 4 feet
thick similar to that mentioned above filled with inclusions of
fossiliferous rock, but these are larger, being in some cases as
large as one’s head.

The whole cliff is 40 feet high and rises steeply from the
water. After passing these crumpled and much disturbed beds
and turning westward one comes to a little bay with the usual
. 'sandy shore and then begins a series of regular, wall like cliffs.
It is not more than 100 feet from the faulted and much dis-
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other and heavy Chazy beds rising in three or four great ter-
race-like masses with wvertical faces towards the Lake and
gradual sloping surfaces towards the north. For the reason
given above, i. e., the variation in the same layer at different
points, it 1s not possible to give any minute description of
these beds which will hold good for all parts of the Head. It
is also to be noticed that the following is little more than a list
of the different layers as they appear one after another along
the Lake shore.

Beginning on the shore a short distance east of the dock
at Fleury's quarry there is first a yellowish gray granular
limestone containing numerous small fossils which are gener-
ally broken. This forms a bed about g feet thick. Below this
is a bed which does not seem to be fossiliferous to any ex-
tent which is 4 feet 8 inches thick. There is some evidence of
a fault here, but I am not certain as to this. This bed is as a
whole thick and in some places solid, but it is evidently made
up of numerous thin, shallow water layers containing more or less
sand and often very irregularly bedded. Farther east, near the
dock, there rises in a gradual slope a softer, vellowish gray stone
with few perfect fossils, but an occasional mass of Stromato-
cerium. This layer rapidly grows thicker towards the east and in
places is friable, in places shows cross bedding and extends for a
considerable number of rods with little inclination. Where
heaviest it is 18 feet thick and is on the whole the most massive
bed on the Head. Below this is another thick bed, of hard, dark
gray, compact limestone 10 feet thick and, together with the pre-
ceding, forms a solid cliff which rises directly from the water for
about half a mile. These beds are seen in Plate LXI. Next
below this is a thin, shaly layer not more than 1 foot thick in
which are worm tubes, ripple marks, fucoids, ete. Then comes
another solid layer very full of Orthis and other fossils. This
is 4 feet thick., Below this is a similar layer 414 feet thick
containing the same fossils. Next comes a very singular and in-
teresting layer in which we have fine cross bedding. This is
shown in Plate LXIL. The oblique layers are very plainly seen

and in direction they vary more or less as they are followed east.
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Heavily Bedded Chazy,

at the Head, Isle

La Motte.



Cross Bedded Layer Chazy, on the Head, Isle La Motte.

Phe same Layer, a few rods East
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Plate LXIIL and, because of its rust yellow, while the Chazy above
is dark, is very conspicuous. Below this are compact siliceous
beds 2 feet thick and a compact but friable bed 235 feet thick:
The next bed is compact above, but shows a tendency to become
shaly below, Thisis 3% feet thick. Then comes a layer of
shaly rock 1 foot thick and after this a layer much like that shown
in Plate LVIII which weathers into cubical blocks, This is 13
inches thick. Following this is a siliceous limestone of quite un-
even thickness in different parts, about 1 foot thick, Then there
is another of the layers which is solid above, but shaly at the
lower part, There are 3 feet of this, Then there are 7 feet
of shaly layers followed by abed made up of thin and very hard
layers, g inches in all. Then comes a very thick bed, Plate
LXIV, upper layer, which is compact, but brittle, and breaks in a
curious conchoidal fashion leaving a most singular series of angu-
lar blocks, The layer seen below is a dark, hard layer 15 inches
thick, and a similar but lighter layer next below, 7 inches thick.
Plate LVIIL shows the same layer with some adjacent layers.
The bottom layer seen in Plate LX is another of the apparently
very solid layers which weathers shaly, Below this is another
quite similar where the solid top Jayers pass gradually into shaly
ones at the bottom, This is 5 feet thick. Below this is a series
of layers which form a single member composed of first a light
layer 14 inches thick, a bluish layer § inches thick, and another
yellowish layer 14 inches thick, On the weathered surface, these
are very clearly distinct, but where freshly broken they are all
dark bluish gray, Below this is a little layer, 2 inches thick, of
white calcite and there are here slickensides showing a slipping of
beds upon each other. Below this is another of the hard, cubical
splitting, light weathering layers 14 inches thick, Then thereis a
solid layer of dark gray color 30 inches thick, and below this another
9 inches thick and then a curious bed of muddy and shaly layers
over 4 feet thick followed by a series of thin, shaly siliceous layers,
in all 32 inches, and then a second slipping and 2 or 3 inches of
white calcite and below the slip surface, nearly 3 feet of the
bluish compact rock and then a third slip surface followed by 3
feet of hard rock,then there are over 3 feet of much the same sort,
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and, finally, a series of tnin layers of the hard, bluish, siliceous
limestone 30 inches, 16 inches, 12 inches and 20 inches. This
ends the western side of the low anticline. As has been shown
the rocks are nearly horizontal for a number of rods and then
substantially the same series in reverse order is passed over, going
on eastward.

Returning to our starting point east of Fleury’s dock and going
west we find the shore at first sandy and strewn with boulders.
A little east of Fisk’s dock, the limestone again appears and can
be studied in low, flat exposures, most of them covered at high
water, until not far north of Fisk Point they cease and from here
on for several miles up the west side of the island, around the
north end and south to Cooper Point, 1o rock is seen in place.
At Limekiln Point, a little promontory not named on the map, not
far from the Alburg bridge, there are some large masses of Tren-
ton which appear to be in place, but we could not make sure that
they were not large, half buried boulders.

A few general remarks upon the region we have just gone over
may add to the value of what has been said. The contact between
the Upper Beekmantown #nd the Lower Chazy is well shown in
Plate LXIII. The contrast in color between the two is not as
great as the photograph would indicate for the difference is em-
phasized. Indeed, in some places, the lowest Chazy and the top
of the Beekmantown are much alike in appearance, especially
before weathering. The Lowest Chazy is characterized by few
fossils, the most prominent being a large Zingula which is very
likely undescribed. The top of the Beekmantown contains a
species of trilobite, Zsockélina which characterizes it.

It should be remembered that the list of layers and beds given
above includes only those that are seen in the natural section along
the shore. The ¢ Head ” forms the extreme south end of Isle
LaMotte. It is a mass of rock about 14 miles in extreme width
and about 1 mile from North to South, On the southern side it
rises abruptly from the Lake to a height of 150 feet at the highest
point, though most of its area is much less. The northern slope
is gradual. As has been seen it is composed of Chazy limestone
underlaid by Beekmantown. Aside from those beds ncar the



134 REPORT OF THE VERMONT STATE GEOLOGIST.

fault which crosses the point on the Reynolds place, the strata
are very little disturbed. Back from the shore, in Fleury’s pasture,
there are large spaces of bare rock, the surface soil which once
covered them having been washed off. Here is a most admirable
locality for the study of the upper beds of the Lower Chazy, and
as fossils are very abundant here, and the shore, with its numerous
beds, is not far distant, the locality can hardly be excelled if one
wishes to study this formation.

About three-fourths of a mile northeast of Fleury’s on the Rey-
nold’s farm is another very interesting locality in which similar
broad exposures abound. Especially conspicuous here are very
numerous and sometimes huge masses of Stromatocerium : Bra-
chiopoda, Columnaria parva, various Cephalopods, Trilobites,
etc., also occur here more or less commonly.

Another interesting exposure of the Chazy is found on the east
of the main island north and south road a mile or so south of the
swamp. Here the rock is Middle Chazy. Stromatoceroid forms
are very common here as well as Protarea, Maclurea, Cephalo-
pods, Brachiopods, etc. From this main road over to the east
shore the rocks abound in good fossils. I greatly regret that there
was not time for investigating these interesting forms so that a
list of them could be given as was at first intended.

Croak Ispanp. This little island, shown in Plate LXV, from
the east shore of the Head is a mass of chazy, mostly, about fifty
rods southeast of the larger island. It is a much disturbed upthrust
of Middle and Lower Chazy, with a little Beekmantown at the
southern end. The island is rather more than forty rods long and
about thirty wide. The fault which crosses the southwest portion
of Cloak Island has affected the whole body of rock which forms
it.

On the southwest side of the island the lower 12 feet of the
rock is a mass of hard silicious beds which are either Lowest
Chazy or Beekmantown, I am not sure which, as no fossils
could be found in the time that we spent there. Above these
hard beds 1s a mass of more or.less shaly rock 12 feet or more
thick. Above this, which is all Lower Chazy, there are 30 feet
of Middle Chazy, most of it brecciated like that described at
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the east. As a rule the Black River strata are little disturbed.
Both north and south from Hill's quarry the strata are very
regular. The total outcrop of the Black River is 1,750 feet
from north to south.

At the north end, where it is followed by the Trenton, there
is a small fault and near this the layers are greatly disturbed.
A few of the layers are quite fossiliferous containing large
Maclureas as well as other molluses, corals, ete., but for the
most part the rock, as I believe it is everywhere, is not highly
fossiliferous. In all there are 24 feet of strata seen in the
quarry. North of this the limestone forms a broad shelving
mass smoothly glaciated. No rock that I have seen, shows
more beautiful examples of glacial striae than recently uncov-
ered Black River Limestone, M _ i

The Black River probably extended far more widely than its
present exposure would mdlcate. The Trenton beds rise very
abruptly west of the Black River and it is llkel}{ that ongmal.ly,
the two were in contact, but now there is everywhere, except at
one or two very limited places, a greater or less space between.
A striking example of the power of ice to tear up the ledges was
seen in the Black River ledge north of the quarry. At this
place the limestone is a smooth, gently sloplng ledge and untll _'
this spring its surface was unbroken, but this season durmg the
spring breaking up of the ice in the Lake in some way a space
several square feet in extent and a foot deep was gouged out of
the solid rock as if pried out by a crowbar.

Trenton. The Trenton is well represented in the north half
of the island on the east side. It begins a short distance north
of the marsh and continues north through the village on both
sides of the main road and then bears northeast to Cooper
Point where it ends, unless the doubtful masses before men-
tioned at Limekiln Point prove to be in place in which case its
area will be a little enlarged. Thus the Trenton covers an area
about two miles long from north to south and about one mile in
width, at the widest. Throughout this area, the Trenton beds
appear in a succession of low outcrops on the west side and of
simply marked cliffs on the east, In the midst of the area is a
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smaller one which is raised above it and reaches 100 feet or
more above the Lake.

And this, except a small bit of Chazy at the Head, is the
highest rock on the island. This limestone comes to the east
shore at three places. ~ Elséwhere it is kept from the shore by
the Utica. Cooper Point is wholly Trenton which rises here
4o feet above the water. Some of the layers here are full of
fossils and would doubtless well repay study. There has been
some faulting for near the north end of the outcrop there is
a heavy gray bed which is uncomformable with the rest and ap-
parently has been raised and thrust forward over the beds be-
low. The species are Upper Trenton, Leptoeno, Monticuli-
pora, Calymene, Asaphus, etc.

West of this the rock is covered with clay, but soon reappears
and extends to and beyond the main road from the bridge.
Much of the rock is black, fine grained, compact with about the
usunal assortment of fossiliferous and nonfossiliferous layers.
On the shore not far from Cooper Point there is a small but
very interesting anticline and just south of this and pushed up
against it are Utica beds, the contact being very distinct.

This is not, however, an ordinary contact for the Utica beds
have been pushed and thrust over the Trenton and the latter
show abundant evidence of great compression in numerous cal-
cite veins as shown in Plate LXVI. Not only veins, but, as
the Plate shows, there are masses of white calcite thickly scat-
tered through the dark limestone. Though shoved over the
Trenton the Utica is not greatly disturbed or folded but is nearly
horizontal.

There is here a stretch of some 500 feet of Trenton along the
shore. The beds at first are not much uplifted, but they grad-
ually form an anticlinal fold and then there is a fault south of
which the beds are again nearly horizontal. This anticline is
about 60 feet across from north to south and 20 feet high.
Some of the Trenton layers at this place are lenticular and some
are compact and gray instead of black as are most. For more

than a mile south of Cooper Point the Utica forms the shore.
Then south of the crossroad and after passing a little bay with
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At no point does the Utica extend back from the shore more
than a few rods, and usually not more than a few feet.

At one place, perhaps a quarter of a mile north of the Black
River outcrop, the Utica runs across the shore road, but it rarely is

found as far as this from the shore. In afew places about the

middle of the largest exposure of the Utica, that nearest Cooper
Point, the shale is regular, thin bedded and with less dip than
common. There were layers which showed a dip of only 10°,
but most showed far greater inclination. Indeed, so completely
upset and folded were some layers that it seemed quite useless to
take any dip.

Beginning near Cooper Point, where the Trenton goes inland
from the shore, the Utica continues, as has been shown, for over
a mile southward in a very narrow strip, which slopes down into
and under the Lake. Not only are calcite veins found frequently
in the shale, but at its southern end it shows the same banding
noticed on Grand Isle, that is, the ordinary black stone banded
with broad stripes of dark olive. In general the shale has a dip
to the N. E.  The first or northern exposure of shale ends a little
south of one of the roads, the first north of the village. South of
this there is a little sand and boulder-covered beach, then there is
the sharp Trenton uplift mentioned above, and then a second up-
lift of shale, which is about goo feet long. Here the rock rises
abruptly and forms a low and nearly perpendicular wall, which in-
creases in height to 20 feet and contains an anticline with the usual
breaking and distortion, and beyond this there are low masses of
shale. The only other mass of Utica found on Isle La Motte is
more than one and one half miles south, below Jordan Point,
where it comes in contact with the breccia beds. Here it is even
more disturbed than elsewhere on this island. This most souther-
ly mass of shale is 450 feet long, and at the highest 15 or 20 feet
above the Lake. But it has nearly all been carried off, and forms
only a thin sheet in front of the Chazy.

There has been double faulting here, for not only is the brec-
cia shoved up against the limestone, but the shale isin turn shoved
against the breccia. Everywhere in these exposures the more
common Utica fossils occur, but with the usual rarity.
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Graciar. DeposiTs.  As the map, better than words, shows a
Jarger part of thesurface of Isle La Motte is covered by Glacial
Clays and Beaches than by any of the formations thus far consid-
ered. These are denoted by purple on the map.

As has been indicated, it is doubtless true that much of what is
marked on the map as covered by clays, is underlaid by lime-
stone. Probably a good deal of the rock has been carried off by
glacial or other erosion where now only clay appears.  From the
rock which is visible we may very reasonably infer that south of
the swamp the clays are underlaid by Chazy and north of it by
Trenton, so that we may consider the rock basis of Isle La Motte
as almost or quite wholly of these two formations,

The great extent and variety of the Glacial deposits found on
Isle La Motte has been repeatedly mentioned. The region seems
to have heen a scene of more than usual glacial activity.

IFor the reason mentioned in considering the glaciation of North
Hero the striated rocks were more than usually well displayed
during the season of 1903. The many new surfaces laid bare by
the high water of that spring showed striation that had been cover-
ed since glacial times. These striae differed more or less at differ-
ent places both as to direction and character.

As would be expected by anyone familiar with the glaciation of
New England, the most common direction of striae is 5. W. Per-
haps in most parts of Isle La Motte the mostcommon direction is
S5.20°W,

On the beautifully striated surface of the Black River north of
Hill’s quarry the following striae were observed : 5. 40°W.,
S 20%°W., 5., 5. 10°W., S.5°W., E.65°W., E. 200N,
E. j0°N. North of Wait Bay the following occurred:
L6029 E,; S.g0°9Wi, 85.,20°W.; 5.10° Wi, 5.28°E.,
109E., S.0°%E, N. & S, On the headland near Reynold’s
the striae were S. 20 ° W., 8. 40 ° W. North of Goodsell’s quar-
Ty, S. 20°W., 5. 40°W., 5.602W. On the top layer in
Fisk’s quarry, S. 10° W., S. 20°W., N, 45°E., 5.

NN

Tue Quarries. Probably more limestone for building pur-
poses has been taken from Isle La Motte than from any other part
of Vermont. In his First Report, Professor Adams states that in
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the year 1844 there were 3,300 cubic feet sent to Swanton to be
sawed into slabs and sold for black marble. This sufliciently in-
dicates the use of this stone for ornamental purposes, but vastly
greater was the quantity sold in blocks for the walls of buildings,
piers of bridges and the like. No one can to-day explore the
quarries without being fully convinced that a large amount of
stone has been taken out and carried away. At present, and for
some years past, only two quarries have been worked, at least to
any extent. Most of the black marble from Isle La Motte has
come from Hill’s quarry, but the Chazy limestone south has some
black layers that take a good polish and finish handsomely, and
the Chazy affords much the strongest stone. Much of it has-
gone into the piers of the Victoria, Brooklyn, Chambly and other

large bridges.  Beginning at the north, the first quarry of impor-

tance in the Chazy is Goodsell’s, which is located about half a

mile north of Holcomb Point. This is an extensive quarry in

Middle Chazy, and was worked until within a few years. Ac-

cording to Professor Seely, we have here the following strata :

Top, blue limestone, 4 feet. Below this ¢‘bastard” limestone, 5

feet. Then a fine gray stone, the best commercially in the quar-

1y, 16 feet, and at the bottom blue limestone, 4 feet.

West and southwest from here there are several smaller open-
ings from which stone has been taken, and south of Holcoml
Point, between that and Wait Bay, there are two quarries in the
heavily-bedded Chazy. These quarries are quite near the Lake,
so that the blocks could be easily loaded into a boat., The beds
in the larger quarry are 14 to 16 feet thick. Fort Montgomery
was built of stone from this quarry. On the Head there are places
where good quarries could be opened, but there is no good har-
bor at hand for the boats which must take the stone away. On
the southwest side of the Head a little back from the shore is
Fleury’s quarry, and back of this a few rods is an older one, both
of large size. That nearest the Lake is now worked by Mr. E.
S. Fleury. In this quarry the beds are nowhere very thick, not
over 15 feet, but the layers are nearly horizontal and easily
quarried. Plate LXVII is a view of this quarry. In the quarry
is one very solid and hard layer, 6-8 feet thick and several thin-
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Upper Layer, Fisk's Quarry. Isle La Motte.

Large Mass of Stromatocerium Lamottense,
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ner ones. The beds dip slightly N. W, and the rock is Lower
Chazy. Just below the quarry on the shore the lowest bed of
the Chazy appears. A tramway carries stone from the interior of
the quarry to the end of a dock from which it can be loaded.

One of the oldest quarries in Vermont is Fisk’s, which has been
continuously worked for more than a hundred years. Plate
LXVIII shows this quarry, and Plate LXIX shows one of the
areat masses of Stromatocerium lamottense Seely, in its original
place in the top layer of the quarry. An immense quantity of
stone has been removed from this place, and the work is still vig-
orously going on. [In all the rock wall exposedin Fisk’s quarry
is 2,000 feet long, and from 15 to 23 feet high. In places the
floor, which ordinarily is about at the level of the highway, has
been cut out 5-6 feet deeper, and this should be added to the
above. The bedsdiponly 1 © or 2 forthemost part. The layers
differ to some extent in different parts of the quarry. Much of
this stone is sound and durable, but there are layers that after a
time split into thin sheets, and crumble, still these should not give
character to the whole. There are now in front of Mr. Fisk’s house
columns that were taken from the quarry a hundred years ago, and
they are perfectly sound, and the well known fact that much of the
stone used in the piers and abutments of the Victoria bridge came
from this quarry is sufficient proof of its strength and durability.

Some layers here are dark gray, some almost black. The lay-
ers are from 4 inches to 8 feet in thickness. The rock is not
deeply covered, the layer of clay being only a few inches thick.

The top layer is much more fossiliferous than the others. This
layer is 3 to 4 feet thick. Below it is a layer of more compact
stone which reaches athickness of S feet. From this layer splen-
did blocks can be quarried. Below this is a layer 215 feet thick
and very compact.

The abundance of Stromatocerizem and similar forms in some of
the Chazy layers has been previously noticed. During our ex-
plorations Professor Seely and myself collected many of these
corals, and I consider it a fortunate circumstance that Professor
Seely has been able to make a careful study of these specimens

and furnish the following account of these interesting structures.
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The Stromatoceria of Isle La Motte, Vermont.

A preface and a help to the study of the various forms of
Stromatoceria in the divisions of the Chazy rocks will be
found in a fresh reading of Professor James Hall’s description
of the genus and the typical species. The essential portions
of the description are here reproduced. Reference is especially
made to Hall’s Pal. N. Y., Vol. I, Page 48, and Plate XII.

HGENUS STROMATOCERIUM.™®

“In the black marble of Isle LLa Motte, and in the same rock
at Chazy but particularly in the dark limestone containing
Columnaria we find numerous specimens of obscure corals hav-
ing a structure represented in figures (given). They are com-
pletely silicified so that the more minute structure cannot be
decided; but since they are abundant and require notice 1 have
proposed the provisional name Stromatocerium, from Stroma,
a layer, or lamina, and Karion, honeycomb.”’

“STROMATOCERIUM RUGOSUM. '’

Pl. LXX, Pl. LXXIV, fig. 5.

“Coral hemispherical; growth in concentric laminae or
strata; laminae, numerous, wrinkled; some faint indications of
vertical tubes or cells.

¢“This coral usually appears as a rough, shapeless excres-
cence upon the surface of the limestone; but a little examina-
tion shows it to be composed of concentric layers which are
evidently the skeleton of some coral.

“Position and locality. This coral as far as is known is con-
fined to the Black River limestone. ¥ * % [t occurs in the
dark marble quarried on the east side of Isle La Motte. But

<
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this mass lies much above the Maclurea magna. * * * It
occurs at Chazy Village, Watertown and other places.’’

The fossil to which Professor Hall gave the provisional
name Stromatocerium has proved a good genus, and the early
description still holds. Its characterization as a subhemis-
pherical mass often silicified, as an excrescence upon the sur-
face of the liniestone, is strikingly characteristic. Its horizon is
so well fixed that it bas become a guide to the Black River, and
its silicified mass has helped to distinguish the rock when all
:_'1 other fossil forms have disappeared. The specific name r«go-
] sum was well chosen the wrinkly character of the laminae
|
|
1
|

usually accompanying the genus.

The number of localities where the fossil is found has been
greatly increased. Along the islands south and through the
Valley of Champlain wherever the Black River appears there
b the Stromatocerinm finds a place. A most remarkable display
is found in a stratum of rock near two feet in thickness made up
wholly of Stromatocerium and Columnaria on a little island
just off the shore of Ferrisburgh, Vt., known as Button Bay
F Island.

Though referred to in the original description as a coral its
systematic position in classification like so many other ancient
and extinct forms has remained somewhat in doubt.

The existence of this form has seemed entirely unique, a
l bubble on the crest of the sea of life, it appears, then as sud-
. denly disappears.

Yet this isolation of species is seeming, not real. Whatever
may oe said of the notable mutation or sudden disappearance
of this form, a careful study of the underlying rocks will show
that an assumption of its sudden appearance is without founda-
tion. The Chazy rocks of Isle La Motte offer complete evi-
dence of the long time existence of the genus Stromatocerium;
that the species rugosum does not stand alone. Two well de-
fined species at least exist. Other forms for the present con-
sidered varietal may very likely be found to be really good
species, And more, there are other examples which suggest
close relationship to Stromatocerium.

11




148 REPORT OF THE VERMONT STATE GEOLOGIST.

wavy, coarse, irregular; texture, tough; the stone admitting of
working and polishing as a marble. The exceeding massive-
ness and broad lamination especially characterize the species.

Horizon. B Chazy.

[llustrations, Massive fossil in wall of quarry, Plate
LXIX. Entire specimen, reduced Plate LXXII, upper figure.
Part of the above natural size showing coarse, irregular lamina-
tion, Plate LXXII, lower figure. Microscopic view, Plate
LXXIV, Fig. 1.

This may be the proper place to call attention to the fact that
while the forms S, Ealoni and S. lamottense have thus far been
observed only on Isle La Motte the genus Stromatocerium exists
in the Chazy rocks at other localities. The examples so far col-
lected have come from the horizon that has afforded S. /amottense
Middle B. Chazy. They have been obtained along the Valley of
Champlain from Basin Harbor, Vt., Appletree Point, Vt., South
Hero, Vt., and from the classic ground the Fisk Farm, Chazy,
N. Y. These localities, particularly Chazy, N. Y., have yielded
hemispherical masses of the shape of the old time straw beehive
though much smaller in size. These examples so differ from S.
rugosum, S. Eatoni, and S, lamottense in size, in manner of
growth, in lamination, that they seem almost to demand a specific
position, A valid species they may prove to be. But until the
fields can be more carefully gleaned, and the examples more fully
assembled and compared, it may be best to accord to them only a
varietal place.

The form may have a provisional name.

STROMATOCERIUM LAMOTTENSE Var, CHAZIANUM,

Pl LXXIII, upper figure.

A stromatoceroid fossil mostly hemispherical in form, distin-
guished from S, rugosum by its greater size, and less rugose char-
acter; from S. Eatoni by its compact mode of growth, from S,
lamottense by its inferior size and its finer lamination.

Horizon. B. Chazy.

Localities. Basin Harbor, Vt.  Appletree Point, South Hero,
Vt. Chazy, N. Y.

Prate LXXIT,

Stromatocerium Lamotiense, var. Chagianin, Seely

Srromatocerim Moniliferum.
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Returning now to the C. Chazy, and particularly to the horizon
of Stromatocerium Eatont, there are to be noticed some forms of
fossils, fringing along the genus Stromatocerium, but whose rela-
tionships are still in doubt. In some cases they are so associated
in the rock, running into each other in such intricate ways that
their boundaries are obscure.

Inone particular case the fossil forms a rock-mass blue in color,
fine in texture, thin in structure, not readily distinguishable from
the associated rocks. But to careful observation the weathered
surface reveals a rippled or wavy appearance, and by polishing a

banded structure is exhibited.
It is, however, when under magnification that the noticeable

and real character appears. In thin sections the lighter laminae
of the fossil show parallel close lying tubes or bands, simulating
somewhat the structure of a coarse Solemopora. But the great
peculiarity exists, that a portion of these tubes become, at evenly
recurring places, suddenly contracted and then again enlarged, so
that the structure appears like a chain of beads, illustrating com-
pletely the term maneliform. These bands or tubes and these beads
when measured have a diameter of , to 4, of an inch,
* The relationships of this necklace like fossil are not quite clear,

The form itself hints at a connection with the sponges, also with
the corals, In some respects it seems a stepping stone from the
sponge to the coral, It certainly approachesthe Stromatocerium
in character,

Instead of introducing a new generic term to accommodate this
peculiar form, it may be well to leave it provisionally with the
Stromatocerium and give it a descriptive specific name.

STROMATOCERIUM? MONILIFERNUM 1, §ps

Pl LXXIIL, lower figure. LXXIV,figs. 3, 4
A pure calcareous fossil, with wayy moss like expansions, cover-
ing the exposed weathered surface. The polished surface exbibits
irregular darker and lighter bands, Under microscopic enlarge-
ment the lighter of these bands are characterized by parallel tubes
a portion of which are of a necklace like structure,

Horizon, C. Chazy.
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‘an excrescence, offers very little by way of suggestions to settle these
- points. Yet some cases of unsilicified and apparently immature
examples give a hint. These taken with the newly observed
forms do go quite a little way in answering some of the questions.
S. ragosum exhibits in growth a dome like mass, with few fur-
rows or corrugations and with lamina above lamina. The con-
nection of the overlying lamina with that below is obscure, vet in
some cases there seem to exist pillars or tubes reaching from
below upward, though without uniform system.

The mode of growth of the much later Séromatopora is very
suggestive as to the growth of Stromatocerium. lnstead of pass-
‘age through tubes or hollow pillars (?) circulation through porous
calcareous stroma of the Séromatocerium may have been possible.

The weather worn sections of .S. Zatoni indicate that the surface
of the living form bore close set eminences or mammillae, growth
taking place over and among these. See Plate LXXI.

The S. lamottense, so far as observation has gone, had its
upper surface raised into a series of waves, a coarse ridgy growth.
This in cross section shows saw or sierra like projections as may
be seen in Plate LXX, lower figure.

The relationship of these ancient animals is yet obscure.
While verging in some ways toward the coralline structure they
still seem to be holding to a sponge like form. Iere among the
sponges, where so many uncertain species are provisionally con-
i" signed, the Stromatocerium may rest.

Some suggestions are here offered as to the possible relationships
between the genus Stromatocerium and genera, both below and
above. While 8. rugosum was regarded as the sole represen-
tative of a genus that appeared and disappeared with the Black
River, scarcely a hint could be expected. But from the discov-
ery of the species here recorded, which existed at lower horizons
and in far greater mass, it seems probable that S. r#ugosum was a
decadent or rapidly mutating form, the culmination of the genus
passing with the species S. lamoliense.

If we now inquire as to like forms we shall see a general resem-
blance of the Stromatocerium to the Cryptozoon below and the
i Stromatopora above. The upper trend of lifeand development
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On the Lignite or Brown Coal of Brandon and its Fossils.

By GeorceE H. PERKINS,

The deposit of Lignite near Brandon was first discovered in
1848 while sinking a shaft for the purpose of working a bed of
jron ore. Lignite has not been found anywhere else in the
State, and at Brandon so far as can be ascertained the depositis
not of large extent. However, it is so concealed by drift
that it is quite uncertain how far the deposit may reach.

The deposit does not appear to have attracted the attention
of any scientific observer until in 1851 President Edward Hitch-
cock received specimens of lignite and of the fossils contained
in it. In the American Journal of Science and Arts, 2d. Ser.,
vol. XV., p. 95, 1853, President Hitchcock describes his first
visit to the locality as follows: ¢‘Early in the spring of 1852 I
visited Brandon and found that the fruits were obtained from a
bed of brown coal connected with the white clays and brown
hematite of the place.”

<At this spot we find the following varieties of substances in
juxtaposition !

1. Beautiful kaolin and clays colored yellow by ochre, rose
colored by manganese and dark by carbon.

2. Brown hematite and yellow ochre.

Ores of manganese.

Brown coal.

Beds of gravel connected with the clays.
Drift overlying the whole.

7. Yellowish limestone underlying the whole.

The position of the clays it is difficult to determine exactly,
as there seems to have been a good deal of disturbance of the
strata, perhaps only the result of slides. The iron is generally

N U W
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found beneath the clay, as is also the manganese. The coal
shows itself in a few places at the surface. In one spot a shaft
has been carried through it only a few feet below the surface,
and the same has been done in the same bed nearly roo feet
below the surface. In both places it was about 20 feet thick.
I found it to be the impression of the miners that the mass of
coal forms a square column of that thickness descending almost
perpendicularly *into the earth in the midst of the clay. My
own impression was that it is a portion of an extensive bed
having a dip very large towards the N., perhaps separated
from other portions of the bed by some disturbance of the
strata. But I found great difficulty in tracing its exact posi-
tion. The greater part of the carbon of the deposit is in a con-
dition intermediate between peat and bituminous coal. It isa
deep brown color, and nearly every trace of organic structure
save in the lignite and the fruits is obliterated.

“Disseminated through it are numerous angular grains, most-
ly of white quartz, rarely exceeding a pea in size. It burns
with great facility with a moderate draught and emits a bright
and yellow flame, but without bituminous odor. After the
flame has subsided the ignited coals gradually consume
away, leaving, of course, a
terspersed through the
scribed  occur

quantity of  ashes. In-
carbonaceous mass  above de-

masses of  lignite. In all
cases which have fallen under my observation they are
broken portions of stems or branches of shrubs and trees vary-
ing in size from that of a few lines to a foot and a half in di-
ameter. They all appear to me to be driftwood. The largest
mass which I have seen resembles exceedingly a battered piece
of loodwood. The large mass now in the cabinet at Ambherst
College is 4 fect long and 16 inches wide in its largest diame-
ter. With perhaps one or two exceptions,all the lignite of this
deposit belongs to the exogenous class of plants. In general
the texture is close, and some of the wood is very fine grained
and heavy.  The bark is often quite distinct. 1 have been
inclined to refer some of the wood to the maple, yet probably
a good deal of it 1s coniferous.”

numerous
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After these general remarks there come figures of twenty-
six of the fossils found in the lignite. There are, however,
no descriptions except most brief and meagre, and none are
named. Of this Dr. Hitchcock says : <‘Probably a sagacious
botanist skilled in fossils would detect more species among my
specimens. Some of them resemble a good deal drawings of
the fossil fruits and seeds of the London clay as figured by Mr.
Bowerbank in the first number of his work on that subject.”’
And finally the following ¢‘conclusions’” are given:

«cr, The Brandon deposit belongs to the Tertiary formation.

2. The carbonaceous matter in this deposit is strikingly
analogous to that of the brown coal formation in Europe.

5. The fruits and lignite of this deposit appear to have been
transported by water, and probably the accumulation took
place in an ancient estuary.

4. The Brandon deposit is the type ofa Tertiary formation
hitherto unrecognized as such extending from Canada to Ala-
bama.

5. This deposit belongs to the Pliocene or newer Tertiary.”’

The above article was republished without much change in
the first volume of the Geology of Vermont, 1861, p. 226.

Inthe Vermont Report there are a few additional statements
and three additional species are figured.

In this connection the following letter from Professor J. W.
Bailey is of interest:

“West Point, Dec. 10, 1852.
“President Hitchcock:

Dear Sir:—The specimens of fossil woods and fruits from
Vermont which you sent long ago reached me safely, but I
have been unable to attend to them until very lately:

T have recently made sections of some of them for micro-
scopic examination, but have obtained only negative results.
The woods are not coniferous, and do not present characters by
which I can distinguish them from any ductiferous woods. One
of them is remarkable for the large number of very large cells
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scattered in radiant plates among the silver grain or medullary
rays.

The small, nut-like fruits have been studied by me most care-
fully, and at first were a complete puzzle, as the cross section
showed nothing but hard tissue or sclerogen without any dis-
tinct cavity for seeds, and yet its exterior markings and inter-
nal structure showed that it was probably composed of either
three or six carpels, and if a capsule of course should contain
seeds or a place for them. By sacrificing the most perfect
specimen I atlast found the seeds, which appear to have been
six in number, and arranged in a radiant manner around the
axis, as indicated in the cross section.
several seeds partly exposed. * * * The testa alone of the
seed is preserved, and is very brittle, I am not much versed
in carpology, and therefore can aid you little in determining the
family to which the fruit should be referred. It is certainly un-
like any of our northern fruits, and I would suggest its com-
parison with some of the Sapotae. * * * A putamen, or
else an envelope, as in some of the palms, could alone furnish

the hard tissue of which these fruits are almost wholly made
up. * * *

I succeeded in getting

I remain yours truly,

J. W. BamLev.”’

The fruit described above seems from Prof. Bailey’s figures
to be like that shown in Plate LXXXI, figs. 156 or 157.

Lesquereux wrote at about the same time, 1 judge, as fol-
lows:

“l am acquainted with the Brandon fruits from specimens,
very few, presented to me, and especially from the excellent
pages describing them in the XVth vol, of Silliman’s Journal.
Most of the fruits published, or rather figured, there can be re-
ferred to species of the Upper Tertiary.  They agree especial-
ly with the flora of Oeningen, and 1 have no doubt that the
Brandon lignites belong to the same epoch as the upper bed of
the lignite of the Tertiary, * * #7
1861, p. 240.

After the publication of Dr. Hitchcock’s article in 1853, noth-
ing appears to have been written concerning these {fossils until

Geology of Vermont,

e
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in 1861, Lesquereux published descriptions and z?.ssigned names
to those that had been figured eight years previously. Mean-
time more specimens had been collected z.md sent .to Lesqt;f-
reux, the examination of which caused him to relte{;te' is
former opinion that the fossils represented an upper lertiary

This article was first published in Am. Jour. Science and
It was soon

flora.
Arts, Vol. XXXII, 2d Series, pp. 355-363, 1861. ' f
after republished by Dr. Hitchcock, then State Geologist o

Vermont, in the second volume of Geology of Vermont, pp.
12-718, 1861.

' In7this latter article, the author says It cannot be expectgd
that the examination 1 was requested to make of these fruits
can afford any exact botanical determinajcion. .Indeeil :Il*a(;»
curate analysis of the fossil fruits is mostly impossible. * ' t
is only to point out the relation of some of the B.randon frultsf,
with some fossil species found elsewhere, or with genera o
plants now living, and, especially, to try to come to a? sa.tls.fac—
tory understanding about the geological gge of_ the lignite' de-
posit where they are found that the few toll.owmg rer_nafks are
made.’”” Then follow exceedingly conservative deSCFlpthl’]S of
twenty-three species.  After this he a(‘ids,. «I have still to rrjl?}rz-
tion a piece of wood from the same lignite of Bran(.ion. _The
wood, though somewhat hardened and blackened, 1s stlu in
good state of preservation. It is soft enough to be cut with a
knife or at least casily broken and by a section shows on both
its.sides the characters of dicotyledonous wood.” .

I do not find that anything further concerning the lignite ‘or its
fossils was published until an article by Professor F. H.
Knowlton appeared in Torrey Bulletin of Novem'ber, 1902, pp-
635-641, Plate 25. From this article t'he follow1r.1g .quotfqtlons
have been taken: <The largest specimen (of lignite) m my
possession was given me by Dr. . W. Prime, of Brandon. It
is almost 12 inches long and 4 inches broad. It breaks up very
readily into small irregular fragments which appear destitute of
structure in their transverse fracture. but when split along cer-
tain lines, notably in the direction of the medullary rays, very
plain structure may be observed, even by the naked eye. In
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tgio eral the Ol?ly specimens that can be obtained for exami
n are small tragments hard] Cength,
' more than an inch i
Hitchcock was inion 1 g of the T
of the opinion that li 1 '
ittle if any of the ligni
e ‘ y of the lignite
cou rbfe reg;rded as coniferous, while Bailey in his lettef be
eterred to states positi -
e positively that the woods are not coni-
C ,
) ontr.ar} to these statements and to my expectations a lar
O - . - )
feroi(:rt}on (;f lignite examined proved to be undoubtedly congie
5 1n character. These later r _
! v esults are perhaps d
;mP_row?q methods of study, or possibly its ch:)r s dit
er in different parts of the area.

When Specimen )
s prepared as indic:
under the prep as indicated above

acter may dif-

‘ are placed
microscope, a glance suffi ;

oo : suffices to show that they have
: 6: mu;h crushed and distorted by pressure. In tran};verse
ectio 1 .

> 1hn the lumen'of the cells is almost entirely obliterated and
1 ey have Dbeen distorted in other ways ‘ an
ect. . . . . o

i %o'nsnof material and its careful study, points that have been

écia i

us;l)lan ty flavored durmg the process of fossilization, are
seual }17 o be found and from a study of these in numerous
e pies, a pretty complete idea can be formed of its nat
and appearance when living. ¢ pos.

But by repeated se-

e ppearance Wi The large specimen in my pos-
, ed above, was found to be undoubted]y

ferous. coni-

lonSt;lsc;i(llias;ez;clcl)lr;s f}r?c?m it show clearly the characteristic pits
on the radi alls, Fig. -VIlI, 9- The walls of the tracheids
e also oun(_l to be thick spirally on the interior
;ti::rrlllal t;jl-gen\?;ll section the ends of the medull‘lr.y rays show
y, Fig. IT, to. They have been very con;iderz‘zlg 7 di /
:?;tle;(llé yf;,fth?lr arrangement can be made out.  They are 11}suiif /
: » thatis, consist of a single layer of cells, yet .
along these are a gl i

In longi-

few compound rays wi i e

on these e P rays with a single included
ct, a well known character of the genus Pinus

deed, after a careful study, I am scarcely o dictinguieh

able to disti 18 -
ol aiter @ cax ' ! distinguish the
SChmﬂE“igmt; fromha species of Prtyoxylon, described by
albausen from the Eocene and Br
Schma from . a Sraunkohle, of south-
bettern Russia. The material studied by Schmul’hzluscn was
preserved and he was able to work out the details of

"
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in a more satisfactory manner than 1is the case
Yet, on the whole, I am inclined
to regard them as of only varietal difference. Schmalhausen has
named the Russian species Pityoxylon microporosum. For the

Brandon form 1 propose the name Pityoxylon microporosuimn

structure
with the Brandon material.

brandonianum.

The type is as follows:
thick, medullary rays rather numerous, the simple ones 1-7 cells
high, the larger enclosing the resin duct about 1-8 cells bigh;
wood cells marked by numerous lines, the pores small and re-
mote; pores on the medullary rays jarge, oval, 2 to the width

Annual rings plainly marked, rather

of each wood cell.

The Brandon form differs in the narrower annual rings and the
smaller size of the cells in general. It is not well enough pre-
served to show markings on the medullary rays if these be pres-
ent. The walls of the tracheids are thickly covered with fine
spiral lines, and the bordered pits are also smaller than in the
type. The contents of the resin tubes cannot be made out.

While, as already stated, the bull of the lignite examined
proved to be coniferous, I fortunately secured one small but well
preserved piece that was with equal certainty dicotyledonous.
The accompanying figure Plate XXV, fig. 14, shows it in longitudi-
nal tangential section, and brings out the fact that it was provided
with large dotted ducts and numerous medullary rays, the latter of

about uniform size. 1t suggests a wood allied to Betula, but of

this 1 am uncertain.”

Dr. E. C. Jeffrey of the Botanical Department of Harvard
University has been studying the specimens of the Brandon lig-
nite during the past year. His investigations are not yet so far
completed as to justify publication, but it is expected that in the
next Report they will find place with such illustrations as may
seem desirable. Meanwhile it may be stated that as Dr. Jeffrey
writes, ** Most of it (lignite) is a species of Lauroxylon in a more
or less good state of preservation.  There is one small piece of
coniferous wood and a good deal of dicotyledonous material in
which only the medullary rays show any structure.”

The samples of lignite which I sent to Dr. Jeffreys were taken
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from a large quantity collected at different times, some of it re-
cently, some twenty years or more ago. I also tried to select as
great a variety as possible in order that the result might give as
complete an idea of the character of the wood from which the
~ lignite was formed as possible.

As the collection of the fruits here described shows and as the
fragments of the leaves found show, the larger part of the lignite
is composed of dicotyledonous wood, although, as Professor
Knowlton’s investigations show, there is also coniferous wood.

The opening mentioned by Dr. Hitchcock has long since been
filled up, but other shafts have been sunk through the lignite de-
posit, notably for the purpose of obtaining clay for the manufac-
ture of the ** Brandon Paint,” and thus more or less of the lignite
has been brought to the surface, and from it a small number of
the fossil fruits have been obtained.
some years ago when the paint works stopped, and for the ten

Digging for clay ceased

years or more prior to 1903 very few fossils were found.

Two or three years ago a small shaft was sunk for the purpose
of getting white clay for use in paper making, and a small quan-
tity of lignite was thrown out as the shaft was carried through it.
From this I was able to collect a small number of the fossils.
As in previous digging, the work here was not long continued,
and no other specimens could be obtained until the coal famine of
the fall of 1go2 forced people to look in all directions for fuel.
The lignite then for a time came to the front, and more was dug
during that fall and winter than ever before. It was sold to the
people of Brandon and burned in stoves. Over a hundred and
fifty tons were sold. During this time collectors in my employ
watched the lignite as it was brought to the surface and supplied
me with the fossils. The fruits appear to be abundant in the lig-
nite, and if only this could be easily reached, there would be no
difficulty in securing large collections. As it is, however, they
are very rare because the lignite is completely covered by from 15
to 30 or more feet of drift. President Hitchcock’s account shows
that in his day there were surface outcrops of the deposit, but for
many years there have been none, the old ones having been either

dug out or covered with waste from the clay pits. IFor the same

e e
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Tig. VI.

onianum, Kn. Radial section.

9. Pityoxylon microporosnm brand
10. Same tangential. )
11. Carpolithes brandonianus.

i ijanus, Lx.
12. Carpolithes brandonianus, ' ,
13. Aristolochites. Section near the middle x45.

Tar ial Section x75.
14. Dicotylenous Wood. Tangential Sectior

Section near the base x50.
Section near base x50.

reason the full extent of the deposit can only be.conject-lged.nj\/h;;
G. E. Laird, who was foreman of the .old pm.nt WOt _s’:;at hy
therefore familiar with the locality and its (le’pos‘1ts,.stat§st ;id i
one place a shaft was sunk 50 feet in the solid lignite, but ¢

12
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o th i
iairdr(t):lgl;: it. The whole mass evidently dips to the west. M
Is me that at one point in digging a shaft the lign.ite .
was

reached at a d
epth of 4o feet, and another shaft not far west
st was

s unk ()O et betfor aCk 24 1 o € . om what
fe b f c e ‘lln_, Ibnlt . Ml Lalr(] fl ]. h
b €

had seen i
oa seen :lnth.e shafts, thought that the entire area of the ligni
e o 011e than 400 square feet. He says that in d'lgl?lte
ite ; invari A
s whit ictazhwas invariably found adjacent to the lignit::ggmg
ere was alwavs sand, wi i s
e - 3 , with white quartz frag-
Sarvey o Sessm T. N. Dale of the United States Geolo iigl
pent several seasons in the vicinity of Brando ¢ ad
n, an

haS fulnlshe the fo ]lg S W
(l 1()\’\/ notes (8
€ 1th the mdp Whlch Pl f. Dale
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Note on the Geological Relations of the Brandon
Lignite Deposit.

By T. NELsoN DALE.

{Published by permission of the Director of the United States
Geological Survey.]

The long known lignite deposit of Brandon lies two miles
northeast of that village and about a mile S. S. W. of Forestdale,
at the western foot of the Green Mountain range. As shown on
the accompanying sketch map, it lies a little west of the uncertain
boundary between the Cambrian quartzite and schist and the
magnesian limestone (dolomite) which underlies the eastern part
of the Vermont valley. It is on the eastern side of a N.—S. hol-
low formed by a series of dolomite knolls on the west and a
quartzite and schist ridge on the east.

The supposed areal extent of the lignite and its associated
limonite and kaolin are shown on the map by dark shading. It
covers approximately a fifth of a mile square.

As the present diggings nowhere reach the underlying rock it is
uncertain whether the {ormation overlies the quartzite or the dolo-
mite, but the probabilities are favorable to the latter supposition.
The lignite, limonite and kaolin seem to be irregularly interbed-
ded with one another. The fact that the kaolin contains pebbles
of decomposed quartzite, evidently from the adjacent Cambrian,
which must, therefore, have been above water during the deposi-
tion of the kaolin, and the fact that the fossils of the lignite are of
Tertiary age prove that this limonite deposit is not at all to be

confounded with such limonite bodies as those of Western Massa-
chusetts which lie between the Stockbridge Limestone and the
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overlying Hudson (Berkshire) Schist, and
of Trenton age or were formed later by
ous weathering, ’

are, therefore, either
a process of subterrane-

1 i 1]

Topograpby by U.S.Geol.Survey
€v = (ambrian Quarlzite u Schist
Darfarea = Lignile, Kaolin Limonle,

Fig. VIIL
Map of a portion of Br
andon showing the locati
g ion of the Ligni
Deposit. Hignite

Drawn by T. N. Darg.

. The Brandon lignite attains a thickness of
jacent kaolin is at least 78 feet thick.

foh(laikaolm must be regarded as the product of the weathering
fo) 2 . 1 -, )

eldspathic rocks such as the gneisses and quartzites of the

20 feet and the ad-

—
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The quartzites contain many grains and
small pebbles of feldspar. As limonite is frequently associated
in its origin with decomposing vegetation, its association here
A little manganese ore, pyrolusite,

Green Mountain range.

with lignite is quite normal.
is found with the limonite.
The kaolint is being mined by Messrs. Hor, Crockett & Co}
for use in the manufacture of paper and the lignite during the
recent coal strike came iuto local demand for fuel. The scientific
interest attaching to the Brandon lignite is very great, for out of
all the floras and faunas which must have flonrished in this region
since the retreat of the sea in Silurian time we have here pre-
served the only remnant of them found as yet ; and that belongs

to one of the later floras.

July 15, 1904.

In addition tor the above, 1 have received from Dr. J. M. Clarke,
Director of the Geological Survey of New York, the following
notes by Professor J. B, Woodworth, who has for several years
been studying the Pleistocene geology of the Champlain valley in
connection with the New York Survey.

Dr. Clarke has kindly given permission to include the notes in
the present Report.
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The Brandon Clays.

By 1. B. WoobworTir.

The lignites of Brandon, Vt., have recently been studied by
Knowlton* from the palaeobotanist’s standpoint.  The most com-
prehensive report upon the stratigraphy of the beds enclosing the
lignites is the original account by Hitchcock. t
of the lignite beds
written,

No good exposure
has been made since Hitchcock’s report was
The present writer visited the locality in July, 1904,
primarily to determine the relations of the lignitiferous deposits to
the pleistocene or glacial drift.

In regard to the relations of the glacial deposits to the lignitic

-series the present state of the ground along the narrow north and

south: belt in which the old workings mainly occur is unfavorable
to making a definite statement, but on the eastern border of the
rabandoned pits a till-covered ridge appears.  On the flat extending
westward from the pits there is stratified s

sand of undetermined
thickness.  All the surface indications today as well

mation obtainable from the present owners ot the
firm Hitchcock’s original statement th
lie all traces of glacial drift,

as the infor-
property con-
at the lignite deposits under-
Knowlton’s determination of the
age of the fossil plant remains as probably Mioce
explicit to the same effect.

It was impossible at the time of my visit to dr:

as to altitude of ‘the lignitic beds, and consequ
can now be made
strata.

Messrs. Crockett

ne is sufficiently
aw any inference
ently no statement

as to the effect of ice pressure in deforming the

» and Horn the present owners of the property,

*F. H. Knowlton:—Notes on the fossil fruits

and lignites of Brandon, Vi.. Bull. Tor-
rey Botanical Club, 29, Nov., 1902, pp. 637-641.
1C. H. Hitchcock, and A. D. Hagar:—

Report on the Geology of Vermont, 1561, 2 vols.
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k a shaft 113 ft. deep near the southeast corner of t};le
s 1 have run two levels at 8o and go ft. toward the
O an(ded this shaft to the So ft. level and went some 40
o ('iescsn drift. The clays in the 8o ft. level have all the ap-
- Zzscteu;ftaedecobn.lposed schistose rock and appear to me to be

ar . PRl e
ziered e undzrl};firt]lgl' th;.il;tg::: :E:;:; pure white, with a
The clay at the en .0 is g T ot 35,9
e Strucmfre d.:sii)mgH::nl;ea;liZ:;I:):?utlii(: lamellar structure
o nOrthdo szl;ite Kaolin in angular pieces, and here and
ShoWe(li ba'r‘l ivi(Zh a typical augen-gneiss structure. Farther than
tt};?:ih;'};ei:ere rare flat lenticular occurrences of Ve1111' guali;zb})oa;{:
allel to the banded structure.  The quartz \V:'J.S cra;c \.e Zlearl -
en into small angular fragments, but showrel(l ::i :1111151;12116 \‘eryyun-
M M ae . - Ccov
S'itu. ot Cl?'y o t:: *d(fllitys}.mslddvi: :]lot de}t)ermine the nature. of
lﬁ{e th'at'r(l)jlsfc()(l:?fa: to)whether a silicious limestone, felsite schist,
the origi s
etc.‘ ding to Mr. Horn, no lignite was encountered in sinking
tllf?cs(:;ftlllg Tl;e ;)rincipal lignite deposit was enc:ufnterfed on i}:lf:
‘ i f lienite was found in sinking a shaft a few yards
:(?:;EE oféh:‘;cri:ent %pen shaft., It is not kllO\.NIl whcthe.r SS::_
i is shaft above the 8o ft. level were se(hmentafy or )
e ars though that a good quality ot Kaolin der {vecl
Y don o;‘tion of the bed rock here underlies the neigh-
iror? theli(;fl(;:)errlcll)e};c;sits. The depth of this decomposed rock at
oring epeh ©
e 1ha'sor1110;t }::21b§z?y(r:e;2::eed out that the Brandon lignite
deh:)sci('-cm(i:susjery similar in its underlying tcedentary Cll(a};.ﬁ .to tll;l)lsleS
prsducts of preglacial decay farther south in the Berkshire
e bay' ((:l:::i}:i‘ny inference from the erosional history of
Nel\fvw};:;énd during tertiary times it is to be conc‘liudz(slitt:?ft ;:i
Focene was a time of erosion, and that the Eo}:eneth::; Sedentar;]
came into existence were stripped away, e'md tf athiCh e —
clays do not antedate the Miocene, deposits ot w
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N -Cotmrnon knife. When exposed tc the ai;’ mu k?, (IfUt
s in / ot
oreak ﬁnacilsmall, more or less angular picces, and if out ];
coors fin: y becomes a soft black mud. Some of it d :
ak up thus, but remains s in s e,
gov reak , ains for years in solid masses
p s in the State Museum which were collected in IS8e:
9

Ly

. p—
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are still irm and, eéxcept that they are harder, resemble partly
decayed wood. Occasionally there is pyrite mixed through the
lignite, and of course, this causes breaking up of the mass. In
the quotation given on a previous page, Professor Knowlton
speaks of having only quite small pieces, but of late there has
been no difficulty in getting much larger pieces than he men-
Bits several inches, 4-6, long are not uncommon in the
piles thrown out and there are several pieces much larger. The
largest piece in the Museum of the University of Vermont is
19 inches long, 6 inches wide and 3 inches thick. There are
several large pieces in the State Museum at Montpelier, though
not as large as the one just mentioned. The largest piece of
which I am cognizant 15 that already mentioned by Dr. Hitch-
cock in the Amherst Museum. This is now 18 inches wide, 19
inches long and 6 inches thick. It is almost black, very com-
pact, but has cracked considerably because of pyrite which
Yet, in spite of this, it has remained in fairly
There are two pieces in the Museum of Com-
d 9x8x%3

tions.

permeates it.
good condition.
parative Zoology at Cambridge which are 12X9%3 an
inches. When first taken from the ground and, of course, wet,
the lignite is always very dark. After drying it is lighter and
then usually grows dark and remains so. The only analysis of
this lignite which has been made so faras 1 know, is that given

in the Vermont, 1861, Report, p. 814, as follows:

Volatile MATEET « v e e ee e eememe s 4.50
Carbon 93.50
Ash 2.00

f the lignite show the woody structure

Many of the pieces o
he material is merely a mass of dead

very plainly, in many t
matter.

Dr. Hitcheock evidently thought that the Tertiary formation
was somewhat extensively displayed in Vermont. He says,
Vt. Report, p. 234° «cWherever we have found brown hematite
and manganese, OT beds of ochre, or pipe clay, white, yellow or
red, 1n connection with beds of coarse sand or gravel, all
lying beneath the drift, and resting on rocks beneath, we have
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Te 1
eviirflllejug?ioferllljgsnt }2115 an equivalent of that at Brandon,
AL, rIrle than two of these substances named be
e ot e a% of the State given at the end of the
et e of ! e1 ep.ort, we find Tertiary rocks indicated,
o & in @ nar ow s'trlp from Monkton south into Massa-
Dot and thers ]aDre also patches in Georgia, ‘Colchester,
o me,ntions u ,h ‘Orset and Readsboro. Besides this, the
Pl 1;Patch es -not sh'own. on the map at Swanton and
HitChCOCk.’SO .ur.t er mvestlgatxon 1s necessary before Dr.
§ opinion can be either accepted or rejected, but it

seems to the writer at least
' , very doubtful if all ¢
can be shown to be Tertiary and perh ot e s

v aps none of them are of

1- [\Z(Sto ;c)he age of the Brandon deposits, the following
n ’ ) ) bl 2
“Bifoo thMC;. }I;esquereux, 1s of interest: (Vt. Report p- 717)
re ad the opportunity of examini ' fra
o ’ . _ >xamiming the fossil fruits of
m;(;ndt())n, and ]u‘dgln.g only from the drawings and description
f ‘e. y Prof. E. Hitchcock in Vol. XV of Silliman’s ](I)) j
o .5.c1ence, I had in a letter to Prof. J. D. Dana g;ve ur‘?lj
i ter . D, n
(I)melon that. the Brandon lignites were of the same age as he
.dpper Tertiary deposits of Oeningen, It et the
1dentity of species is not ascertained: . \
ot be oo ained; but this,

written

1s true that the
‘ 1ot of course, can-
L e expecte R ‘(md 1t 1s enough that the greatest number of
Prandon pecies are more generally related to the fossil species
o Oen gen than to species of any other stage of the Tertia
authorize the above conclusion and render it creditable.”” Y

3y the very efficient aid of M
very P rs. G. E. Laird
f . 1rd, who coll
Orom tthe 'llgnlte during the coal famine, when such an uns(s:teci
pportunity was presented, a very large series of the fosgui'il
s

have i i
come mnto my possession, probably more than are to be

f() ]ld elSeWheIe . .[ll addlthIl e (]ul €
u in 3.11 museums t()gether th t

o . .
xtensive collections of the State Museum and that of the Uni
ni-

versity of Vermont have been in my keeping. In all, there ar
. , are

sev
lectei}r:;l tho;lsand perfect, or nearly so, specimens in these col
ons. .
Curatos‘ ) Clllave also, through the kindness of the various
rs, had full access to the collections at Middlebury
*

—-~ , e T

REPORT OF THE VERMONT STATE GEOLOGIST. I71

Amherst, Dartmouth, Boston Society of Natural History,
Museum of Comparative Zoology at Cambridge, and Ameri-
can Museum of Natural History at New York. The collection
the Boston Society contains a goodly number of very perfect
specimens and the Museum of Comparative Zoology has a
larger number, many of which may be regarded as Lesquereux’s
types as they bear his labels and were undoubtedly a part of
those he studied, having received them from Dr. Hitchcock.
The most valuable collection outside of Vermont is that at the
American Museum of Natural History.

To this frequent references will be made in what follows. It
contains the original specimens from which were drawn the il-
lustrations in the article by Dr. Hitchcock in Vol. XV of the
Am. Jour., which has been already often noticed, and which are
repeated in Vol. I, of the Vt. Report of 1861, and from which,

especially, Lesquereux drew his descriptions in Vol. 11, of the
his article in Vol. XXXII,

of

Vt. Report, which are a repetition ol

of the Am. Jour. Science.
As was stated above, Lesquereux undoubtedly had in hand

the specimens bearing his labels in the Cambridge Museum,
but a comparison of the specimens and illustrations shows
conclusively that the New York specimens are those figured
and described in the Vermont Report of 1861.

Moreover there are in New York quite a number of species
which have been figured and described, which are not repre-
sented in the Cambridge collection. Professor C. H. Hitch-
cock, of Hanover, N. H., writes in answer to an inquiry, ¢The
specimens of the Brandon fruits you saw in New York were the
originals sent by my father to Lesquereux.”

It may be proper to add, that I have been somewhat particu-
Jar to give the above facts because there has been some ques-
tion as to where the original types of Lesquereux’s descriptions
were located. There can be no doubt that the New York speci-
mens are all types and it may also be said that so far as they
go, the Cambridge specimens have also the value of types. In ‘
the article in the Am. Jour., Vol. XXXII, p. 355, Lesquereux
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writes, ‘I owe to the cel
- celebrated Professor of
wes, eleb ssor of Amherst Colle
not o tf' the cgnrnumcatlon of the original specimens f -
v d?e drawings have been made, but also a numbe fmm
e : ‘ r of cor-
Thz o ;ng spIecunens that he had the kindness to present rnor”
st are, I have no doubt : o
the New 1
second those at Cambridge. , e Yok specimens, the
It is ver i F 1
s hifdpiam to auyone going over Lesquereux’s specimens
)y no means completed hi
" by is work on them. For in-
mcs, there are i the Cambridge Museum in one of the t oy
number S i 3 T
chelzof ;\?ecmlens all labelled Apeibopsis Ganudinii Hys 3
- C. Z., No. 1953, and yet there ar tainl fve dit.
b . 1953, ¢ are certainly four or five dif-
feren bell)emes in this lot, and it is a question whether an lff
O . M
\ ng to Heer’s species. The same thing is tr Y th
contents of other trays in both museums e of the

The confusion beti i
eing what it is, there i i
; g , there is no bility i
e ston ¢ : possiotlity 1n m
of discovering, even with the types at hand just)Wh tfany
e o ! ' at for
L squereux had in mind when he wrote his desc it 'Olm
e s description of this or
It has 5 i
» Lha% been the constant aim of the writer to preserve a h
has been ¢ ' . s s m
of Ls qlftlaleux s work as possible. When the study of the B ar
0s s first t: ; e
o sils was first taken up I had no other idea than to id tmfl
as many as possi i "
re l'eser{taz }_)0551b1e with Lesquereux’s species as published andlay
thg. ed in museums, especially the two named above, but .
inve g ’ el
the inv stlga[tlon progressed, and an unexpected and unp;lall’la(sl
ection of the fruits came 1 i ses
ame into my possessi i
e y possession, it was soon
entilele original plan was wholly impracticable’ and that njeen
rely ne i " i ’ ol
one eaysi v: sremles had appeared in the recent finds Obviousl);Y
er task, the imperfections . ;
‘ and errors of tt revi
the east ; e previous wor
consi ed, would be to reject all of the older WO}:‘k and ¢ Omlk
e anew i "o
ew, but this seemed to the writer neither a gracious n
or

wholly necessary solution of the difficulty.  Accordingly h
, as has

beell State(l, as llldny Of the Oldel bpeCth names ha\ e bee“ re-
ld[lled as I)()%Slble. Ill some s¢E a hel roitrar ly 1t must l)e a(l
cases, rat a b t
bl
lllltted, fOl \Vhele two qulte dlbtnlct f()l ms were both 1dbe11ed as
yp y t yp st , ted or one of t]le fOI tms as-
the t € elthel he t € mu be rejec S

Ul‘n(,d to repres >
t it.
) > p €sen I csquc:leux !lllllhel <)ften eXpIeSSeS doubt

e e s et \ omm—— e
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as to the identity of some of the forms he has included in a single

species. He also had a very small series of specimens to work

with.

[n correlating any fossil forms with those now living very great
difficulty often arises. This is especially true in the present in-
in the Brandon beds thus far little else than fruits and
Only small fragments of leaves are
It may be that somewhere in the

stance, for
wood have been found.
found and these very rarely.
deposit leaves exist in greater aumber, but they have not yet been

discovered. Hence there is little except the fruit to guide the

«tudent to a knowledge of its botanical atfinity.

A more complete study of the relations of the fossil fruits to
modern species is of necessity left to the following Report, when
it is my hope to continue the investigation begun here. Already
his part of the subject, but without

much time has been given to t
Through the kindness

as satisfactory results as could be desired.
eading botanists, [ have been able to examine

of several of our 1
but the results have been

many seeds and fruits of modern plants,
At least, [ am convinced that for the most part,

if any of

largely negative.
the Brandon fruits do not belong to living species,
them do, as indeed Lesquereux declared long ago.

I have studied the herbarium of the University of Vermont,
which contains the collections of Mr. C. G. Pringle, and is prob-
ably not surpassed as far as American plants go- 1 have also, by
the very great kindness of Professors G. L. Goodale and B. L.
Robinson, had full access to the large collections in the University
Museum at Cambridge and the Gray Herbarium. [ also owe
many suggestions and references.

much to these gentlemen for
in the Harvard

There is a collection of Australian fruits

University - Museum  at Cambridge, which contains a number of

ely resemble Brandon forms, and it is among

species which clos
t we should expect

the tropical and sub tropical living species tha
to find the most close allies to the Tertiary forms.
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D ) . »
escription of Species Found in the Tertiary Lignite

of Brandon, Vermont,

Th rpoli i
o e genhus Carpolithes is better known through the species b
an cod,
us than any of the other forms found in the lignite Indeedl
b= * ’

it .
it is almost the only species which has been figured in geological
ica

works. T .
boing givefebiersluls lwz;s established by name merely, no characters
) chlotheim, (PETRIFACTENKUNDE.
- - E, 18 .
It seems probable that Schlotheim purposely left )

without definition the name’

in order that it mig € conveniently nsed fo

ithe ht b ientl d for

diverse, but more or less indefinable forms, the bot . -
el

of which could not be made out anical affinities

X At any rate, the name lias often
ay by subsequent writer
poen ! i : ‘ \ quent writers. Although
the | e of .mdeﬁmte terms must always be objectionable, yet it g
ssary S is 1 v S,
neces toy m some cases. In this instance, it will speed’ilv be ob
riows 10 Zn()lone who has occasion to examine the list c;f $
w mcluded in the genus Carpolj & \
! genus Carpolithes that very unli
, ! . U
ically unrelated forms are placed to A

been used in a most general w

pecies
cether and botan-
i ! . er 1 this group.  Natural-
b)o,ts 1liavrig,rrlel ‘nunlber'of .specunens and a more tl?oroupgh stl?(tiumtif
both g dnd' fossils forms than has been possible in th .
inevitably restrict the use of such genera as Carpolith egaSt 'Wl”
etc., so that each will contain a less heteroceneolzls b o
o s

species. assemblage of

Carpoli -
o plollthesﬂ for example now includes at least
pec1e‘s in the Coal Measures and many
Anmerica, '

twenty-two
in the Tertiarv
e 1 M ! v of North
e and 1thele a1.e numerous European species in addition
o o tltla y possible, after past usage, to attempt even to .set
pones © ! ese too general terms, but in the following descri
2 Or our present purpose, it has seemed best to restr'IZt
i
1 shall therefor i
: er g ore aim to
in an
ahiy b o y dglven genus only such forms as may reason-
pposed to have grown on trees of the same genus, and
b

-these and other generic names.
include

N

v .
M
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this is far from true of the previous use of more than one of these

names.

Without intending to control the use which these terms may re-
ceive from others, they will be more or less fully defined for use
in this paper. With the above understanding, the genus Carpo-
lithes may be defined as follows

CarpoLITHES, Schlotheim, 1820. Fruit large, 25-35mml 1%
inch long and 12% inch wide, as shown in Plate LXXV. As

found, the fruits are more or less flattened, see fig. 20, so that

cross section is long oval. The fruit is one cell with rather thick

As seen in Plate LXXV, figs. 17 and 18, the thickness is
In the fresh fruit prob-

tis in the fossil. The

walls.
greater in some species than in others.
ably the thickness was much more than i
dehiscence is by a single usually mucronate valve.

Lesquereux named and described six species from those sent by
Hitchcock. Some of these for reasons given have been referred
to other geuera, while some have been divided. In all twelve
species are herein described. There are several other species

among the material not vet studied with such care that it is best to

publish the results, but they are to be taken wp in the following

Report. ,
Genus CARPOLITHES, SCULOTHEIM.

CARPOLITHES BRANDONIANUS, Lx.
Plate LXXV., figs. 10, 11, 20.

Am. Jour. Sci. 2d series, vol. XV., p. 95, XXXII, p. 356.

Geology of Vermont, 1861, vol. 1, p. 229, fig. 111, vol. 2, p. 713.

Bulletin Torrey Botanical Club, vol. 29, 640, Plate 123, figs. 1, 2,11,12.

Lesquereux’s original description of this species is as follows:
« Carpolithes brandonianus, —sp. 10V. Capsule thick, flattened,
oval or nearly round, obtuse at both ends, valvate. Valve obscure-
ly pointed, generally opening to half the length of the capsule.”
Lesquereux included under this name several forms which seem to
me quite different. Some of these which he considers varieties
have been made species. In most cases Lesquereux saw no
mo re than three specimens, and in some cases only one. Hence his

conclusions may be very properly revised when a very much larger
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series is found. Still the description given above may well stand
for the species. It is usually fairly regular in form, though
Knowlton’s figure Torr. 3ull., vol. 29, Plate 125, fig. s 1, 2, shows
a specimen of quite unusual regularity.  In most cases, the lower
end is narrower and more rounded than the upper. Length,
25-35 mm., 1-1.4 inch.  Width, 18-30 wmm., 3{-1.4 inch.
Thickness, 8-10 mm., 3.34 inch.* Of this Knowlton in the arti-
cle cited above says : “One of the most abundant and conspicu-
ous of the fruits was named Carpolithes brandonianus by Lesquer-
eux, * * *

It has been suggested that its affinity is possibly with the living
Jeffersonia diphylla, the well known twinleaf. A section through
the basal portion showed the thick fruit to be made up of very
thick walled tissue in which the lumen was reduced to a mere
point, Fig. VIII, 11, 12. It had been so distorted that its true
relationship could not be made out. Its appearance iz shown in
the two figures. 1was not able to secure working material of Jef-
fersonia, so I am unable to speak of the relationship beyond the
superficial resemblance, which is really striking.”” In looking
over a series of fruits of Banksia in the Gray Herbarium, I was
struck with the external reseinblance of many of the Brandon Car-
polithes to the carpels of this genus.

The originals of the figures in the Vermont Report and Am.
Journal are in the American Museum of Natural History, New
York. The originals of all the species here figured are in the
State Collection at Montpelier, and a duplicate set is in the
Museum of the University of Vermont at Burlington.  All the
figures are from photographs taken directly from the specimens.

CARP()LIT]IES ELONGATUS, SP, NOV,

Plate LXXV., figs. 1, 2, 3.
Carpolithes brandoniana, var. elongata, Lix. Am. Jour. Sci., vol. XV.,
p. 97, fig. 1.
Carpolithes brandoniana, var. elongata, Geology of Vermont, vol. 1.
p. 229, fig. 111, 113, Vol. 1I, p. 713.

*NoTE—AIL of the following measurements are taken at the largest
part of the specimens.

BRI s . e e~ | ey e e e
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. - . i . e
e more or less irregular, much longer than wide, surfac
sule,

rou

valve broadly lanceolate, thickness nearly equal throughout. Flg;
ure 1 shows the front, fig. 2 the back and fig. 3 the side or edge o

Capsul |
gllene(l valve opening more than half the length of the cap

this species. . _—
Specimens vary considerably in  size, but ordinary pechmen
5 -1.65 inch.

Length, 35-40 mm., 1.4-1.05

specimens

measure as follows :

i 5 inch.
Width, zo-22 mm., 8.85 inc ] »
In the Museum of Comparative Zoology, No. 1952, they.e is one
long, but this is un-

of Lesquereux’s specimens which is 50 mm.
usual.
CARPOLITHES EMARGINATUS, NOV. SP.
Plate LXXV, fig. 4.

Capsule similar to the preceding, but smaller. Valve opening
. o o ar
less than half the length of the whole. Upper end plainly e'm xh
N i 5 .4 inch.
ginate, as is shown in the figure. Length, 35 mm., T.41
b

. iea
i 5 i “hi 3 mm., .S inch. Thisis
Width, 21 mm., .85 inch. Thickness, 10 ,

very rare form.
(' ARPOLITHES OBTUSUS, NOV. SP,

Plate LXXV., figs. 5,6.7, 8 14

X r. Sci. vol.
Carpolithes brandoniana. var. obtusa. Lx. Am. Jour Sci

XXXII, p. 356. s eoloms
Carpolithes brandoniana. var. obtusa. Lix., Geology
1, figs. 144, 117.

of Vermont, vol.

) ished
; » orbicular face smooth and polishec
Capsule broadly oval to orbicular, surfa

. o e ooves or
the backside, fig. 7, bearing regular longitudinal groove

n ackside, fig. 7, ' t :
: Valve opening often

furrows. Lower portion thicker, fig. 6. ! orten
not more than a third of the total 1ength.. Front surface co
opposite nearly straight. Siz.e quite \:z.muble.d S ot e
Length, 25-30 mm., -1 inch. '\\ 1(lth‘, 23.-“ mt l, ,1;(1 b
Thickness, 8-10 mm .04 inch. This species is smoother a

1 oy, oitudinal furrows are
nearly pohshed than any other, and the longit :

not found in any other. o
The type as figured in the Vt. Reportis in t

13

he Am. Museum
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and in the Cambridge Museum, No, 1951, there are several speci-
mens.

CAR[’()LI'I‘HES (')VATUS, NOV., sp,
Plate LXXV, fig. 9.

Carpel smaller than most of the preceding, ovate, surface rough,

valve sharply acuminate, back somewhat furrowed, concave in

front, convex behind. Length, 28 mm., 1.1 inch, Width, 19 mm.,,

.75 inch.  Thickness, 10 mm., -4 inch. A rare form.

CARPOLITHES SIMPLEX, nov. 5p.
Plate LXXV, fig. 12.
Carpel of medium size, surface quite irregular, lower portion
much swollen, only slightly acuminate at each end, valv

about half the length, form, as shown in the figure, o
27 mm.,

€ opening
val. Length,
1.c5 inch.  Width, in the middle, 20 mm., .75 inch.

Thickness, below middle, 12 mm., .5 inch.

This species is noticeably thick below the opening

and thin at
the upper part,

CAHP()LI']‘IHCS GRANDIS, nov. sp.

(Not figured.)

In Am. Jour. Vol. XV, p. g7, and in the Vermont Report, Vol

L, p. 229, fig. 112, Hitchcock figures a very large specimen which
Lesquereux included in (. brandoniana, but wl

1ich seems to be
well defined species.

I have therefore called it C. grandis. Tt is
arger than any other of the Brandon fossils and of
different form.

con siderably 1

As seen from the front side this species is broadly wedge shaped,
The up per edge is emarginate, the ower cut squarely off. The
sides are rounded and thick. Length, 41 mm,, 1.65 inch. Width,
32 mm., 1.3 inch.  The only specimen of this that 1 have seen
was amtong those sent by Prof. Hitcheock 10 the A, Museum
Nat, Hist., N. Y.

“—_?,_,__. P A et it o
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CARPOLITHES VERMONTANUS, NOV. SP.
Plate LXXV, fig. 13.

indisti lcate
Carpel ovate, blunt, pointed at each end, indistinctly 5111 .mCh,
somewhat swollen near the lower end. Length, 25 mm.,

Width 20 mm., .75 inch.

CARPOLITHES MUCRONATUS, Nnov. sp.
Plate LXXV, figs. 15, 17.

i - irangular in cross sec-

X - thick and heavy, sub-quac ' .
e e which gives a side view. Upper
Surface indistinctly furrowed.
o mm., 1.15

tion as may be seen in Fig. 17,

inating 1 p point.
end terminating in a sharp p X
Lower part swollen, upper contracted.. Length, 3 : >
inch. Width, 22 mm., .85 inch. Thickness, 13 mm., .5
inch. . 5

CARPOLITHES SOLIDUS, NOV. Sp.
Plate LXXV, fig. 18.

k
i i 1 heavy. Front flat, bac

5 1 receding, thick and y

oD o o vongh, + furrowed, valve lanceolate,

. -ough, obscurely 5
very convex, surface rough, ) 1.1 inch.

opening deeply, end rounded. Length, 28 m.m.,1
\\P;idth 15 mm., .6 inch. Thickness, 10 mm., .4 nci.
Y - ’

CaARrRPOLITHES HITCHCOCKIL, NOV. SP.

Plate LXXV, fig. 19.

- inted at
Carpel more linear than most and smaller. Blunt, pointe

rounded at the other, surface, smooth. A thick,

the upper end, Length, 28 mm.,

stout form resembling C. bran.domanus.' Length, 20w
L.1 inch. Width, 15 mm., .6 inch. Thickness, s

inch. v
CARPOLITHES PARVUS, NOV. SP.
(Not figured.)

(]a na elongate, ova ick urra air nooth.
1pel S1 11 lo at . Vi 1, thic s 8 rface fair 1y SY
' ’ =}

crona t u 1 .

Mu ronate a p)el end, blullt, pOlHte(l at l()we] ell(l [Jellgl]l,
20 mm b 111Ch. ~~ldth, 12 mm. .4.5 1110[1. Ihlck‘

21 M., oy *

ness, 7 mm., .3 inch.
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GExNuUs MONOCARPELLITES, Gen. Nov.

Among most common forms in Brandon lignite are those shown
on Plate LXXVI, figs. 21, 31. They very closely resemble the
nuts of some of the modern species of Juglans, notably J. rupe-
stris and allied forms. Perhaps the species of this group should
be placed in the genus Juglans, but as this is not to be, at least at
present, determined, I have thought better to place them in the
new genus MoNOcARPELLITES which may be characterized as fol-
lows: Carpels from 20 mm., -75 inch to 33 mm., 11 inch long
and about half as wide. Usually much flattened.,  One celled,
Plate LXXVI, fig. 37.  Surface ribbed longitudinally by usually
sharp thin ribs. Ends pointed or rounded. As stated above most
of these {ruits resemble Juglans but the fact that they are one
celled excludes them from that genus,

MONOCARPELLITES WHITFIELD, nov, sp.
Plate LXXVI, fig. 21.

Carpel ovate, thin, convex on the side shown, flat on the oppo-
site.  Opening small, valve pointed triangnlar. About 7 ribs on
each side. Lower end thicker than the upper. Length, 29 mm.,
1.1 inch.  Width, z0 mm., .8 inch. Thickness, 10 mm., .4 inch.

,\IONOCARI’ELLI'I‘ES PYRAMIDALIS, N0V, sp.

Plate LXXVI, fig. 22.

Carpel thick, triangular in cross section. One side much wider
than the other two. Three ribs on each side. Upper end sharply
pointed, lower flattened. Length, 24 mun., .95 inch. Width, 20
mm., .75 inch. Thickness, 11 mm., .45 inch.

MONOCARPELLITES SULCATUS, 1oV, sp.

Plate LXXVI, fig. 23.

=
Carpel somewhat irregular in form. Thick below, sloping to a
sharp edge above so that a section taken at right angles with the
figure is wedge shape. Ribs sharp, few, separated by wide sulci

[t

s e f——— | A— S
e G —
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00oVeSs noth "; { nct V 1, 20 M.y . cn.
ll Min., i . \ ldtl 9 3
or gl Se LC 12 P mmnm 8 m h

i c5 inch.
Thickness, 14 MmNl .55

. sn.
: ‘25 ORBICULARIS, NOV. S|
MONOCARPELLITES ORBICUL! ,

Plate LXXVI, fig. 24 ‘
orbicular in outline, often qm:cc

Usually much flattened. Six
lower rounded. Length,
S jnch. Thickness, 10

Carpel more or less rezularly
irrecular because of compression.
y Upper end mucronate,

Wideh, 20 mn.,

ribs on each side.
) - M
21 mm., .85 inch.

mm., .35 inch.

LIITES BELEGANS, OV SP.
VONOCARPELLITES ELEGANS,

Plate LXXVI, figs. 23, 3.

at cach end, ribs tew, 3 or 4

s swhat pointed -
- ! Width, 16 mm., .6

Carpel small, i

3 22 m., .08
on each side. Length, 22 mum., 1 5
= mm., .27 Nci.

inch. Thickness, 7

inch.

\IO'\TOC\RI’ICLLITES GIBBOSUR, NOV. SP.

Plate LXXVI, tig. 20.
- Talve side
i 1 > rer part.  Valve
el large, thick, especially m the lower p e
e e numerously and finely ribbed.

0% R M SeC-

Somewhat quadrangular m. 1
Length, 25 mm., I mch.

i cery convex
flat, opposite, ver) R '
figure does not show these well.

. c v,

ion. mucronate above, rounded beloy S
Wid -z inch.  Thickness, 14 mMm.. -35 f

1 Yoy - ch. o 55 e .
e n']n N 11 as that shown in figure 22, are of the f¢

This species, as well as that s e
ar 0 .
of Tricarpellis Dut they appear to be ¢

MONOCARPELTITES [REEGULARIS, nov. sy
Monoc: SLT
Plate LXXVI, fig. 27.

i i arger and more
ke M. orbicularis, but larger

. ‘ o
Ribs irregular, prominent, not nume
Width, zo mm.,

Carpel somewhat
i : oval.
irregular, and more Il
ous, ends rounded. Length, 23 .o
k]

75 inch Thickness, 10 M., .4 inch,
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M()\]() RPELLITE I]II y . p-
CA S CHCOCKII, nOv, s
Plate LXXV I, hg. 29.

This species i
S s 1s represented by only .
found in / . ) y only a single specim :
lnced atthe An?helst collection and which 2Ej’roprull . Wh'ICh !
Dr. Hitcl m)1 disposal for study. It was pl'Ob;lbl t‘r?;’“ kindly
. ch _ Y as co
cock when on the Vermont Survey Th}; o ected by
: ribs are un-
which I : , In all the .
sequentllavehl)een included in this genus the ribs are tlo'ther (fmms
shar ; . . hin a
wide anﬁ he;p, but in this species they are, as the ﬁoulenh e
. N . E gure s
almost alwaysvytl] The ends are slightly pointed, th:)ugh ;:)SW§’
€ case, the upver i 18
lower. Length, 18 mm., .7 pper is much more so than the

.7 inch. Width, 13 mm 5 inch
, . . .

like i
those seen in any other specimen

Thickn o)
€ss :
y 10 mm., .4 inch.

MoONOCARPELLITES MEDIUS, nOV. sp
Plate LXXVI, fig. 31.

C P 1 t k2 1 11n a b()lli I l)S on edCl) Slde.
a ¢l ra hel 5111'111 ova tl
b b bl )]
Lellgth, 20 [n\n., . 75 lncll. \V ldth, I 7 mm, 6 lnCh. Thl kl]eS
3 . C S,

%7 mm,, .3 inch.
MO N -
NOCARPELLITES VERMONTANUS, NOV. §p
S, . sp.
. Plate LXXVI, fig. 34
arpel move elon .
gate than others in, i
Loapel ¥ . ers, thin, irregularly ri
gth, mm., 1.1 inch. Width, 18 mm *'g' ey
e S 3 ol , .y -7 inch. Thick-
MoONOCARPE
NOCARPELLITES OVALIS
LITES OVALIS, NOV. Sp.
. Plate LXXVI, fig. 35
arpel large, thin, r .
g in, regularly 1
, , regularly oval, irregularly ribbed, both side
s

flat. L W 8
ength, 28 mm., I.I inch. idth 21 mm
B y 2 oy e

Thi .
ickness, 10 mm., .4 inch. inch.

GeEnNus JUGLANS. Linw.
JuGLANS BRANDONIANUS, nov. sp

Plate LXXVI fig. 36.

This fossil so cl
osely resembles som
e of the nuts of /x
olans

SR ey,
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enus and 1 am not sure that fur-
of the species which 1 have
The species figured
somewhat ir-

that 1 have placed it in that g
ther study may not assign some
place in Bicarpellites also in this genus.
as 36 is larger than most of the Brandon fossils,
regular, triangular in gection, apparently two celled, blunt
pointed at each end, irregularly and not strongly ribbed.
Length, 32 mm., 1-25 inch. Width, 20 mm., 8inch. Thickness,

15 mm., .6 inch.

GENUS HIC()R()I])ES. Gen. nov.

There are anumber of specimens of a markedly different char-
om the rest which resemble the fruits of Hicoria more
[ have seen, but they do not exactly
1 have, therefore,
se forms from the

acter ir
than any others which
agree with the characters of this genus.
made the new genus HiCcOROIDES 1O include the
Brandon lignite. The genus may be characterized as follows:

HicoroiDES, fruits of medium size, though usually smaller than
Carpolithes. General form triangular, upper end pointed,
Surface ribbed, ribs usually sharp and distinct,
it is sub-globular. One side is very
d in the middle.

lower rounded.
lower part swollen so that

convex, the other is usually depresse

HICOROU)ES ANGULATA. nov. sp-

Plate LXXVI, figs. 28, 32, 33.

Fruit, orbicular in outline, as seen in fig. 33- Valve surface,

fig. 33, smooth but irregular, strongly depressed in the middle.
Opposite surface evenly and distinetly fibbed, fig. 26. One
edge much thicker than the other and very sharply angled, fig.
42. Length, 20 mm.. .75 inch. Width, 20 mm., .75 inch.

Greatest thickness 10 M- .4 nch.
HICOROIDES TRIANGULARIS, nov. sp.

Plate LXXVI, fig- 40.

One of the largest of the genus. Surface smooth, but irregu-
lar, ribs distinct at the upper end, fading out below, both sides
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convex. Length, 25 mm., 1 inch.

Thickness 13 mm., .5 inch.

Width, 22 mm.,

Hicoroimes rrriesoinea, nov. sp.
Plate LXXVI, fig. 4.

Smaller than the preceding and more globular.

a few incomplete ribs, otherwise smooth.

Surface with
In this species the
valve opens on the convex side, while in most it opens on the
flat side, fig. 33, Length, 20 mm., .75 inch. Width, 23 mm., .9

f=Rao o M}
Thickness, 13 mm., .35 iach.

inch. 3

HICOROIDES GLOBULUS, nov. sp.
Plate LXXVT, figs. 42, 43.

Small, sub-globular, much wider than long, surface as in the

preceding. Luongth, 17 mm., .65 inch,

Width, 20 mm ., .75 inch,

Thickness, 14 mm., .52 inch.

Hicoroibes PARVA, Nov, sp.

Plate LXXXT, fig. 172.

Fruit small, round triangular, somewhat irregular.  Width
and height about cqual.  Costae few, distinct, sharp. Length,

15 mm., .56 inch.  Width, 14 mm., .5 inch.

As has already been seen, triangular forms are common

among the Brandon fossils.  Some of these | have found

by sectioning to be  one

celled, some two and others
three cclled.  The Jatter | have included in the genus
Tricarpellites. Knowlton's figures, Iligure VIIIL, 7, 8, show

the three celled form in scetion. The species I have placed in
this genus vary much in jorm and size, but all are three celled
and usually three angled vutside, Plate LXNVII, figs. 49, 50, 56.
The genus 7dcarpeilites was established in 1846 by Bowerbank
in Hispory o Fossin Fruirs avo SEEDS oF LoNDoON Crayv, p.
76, #“The form usually presented by these fruits is that of an

clongated three angled capsule. It a transverse section be

.8 inch.

e e e

.«

e

S 2 oGIsT. 18
REPORT OF THE VERMONT STATE GEOLOG 5

of these capsules, 1t will be found to be
’ / 3 e e

is usually more or less toree lobed.
pointed at the valve and

Forms answer-

made of one
three celled and the whole
Most are sharply ¢
is more or less rounded.”’

* * *

the other end

among the
the above are not uncomimon f\m g
e N i, one side and the

In most of our specimens,

Brandon fossils.
af side are much
ribbed, others not.

tl wider than the other two. Some
valve on th

of the specics are

Fig. VIIL

Aroed
A1l the figures sountewhiat entareed.

Basalview. .
Split along median line.
Cross Section.

3. Cucuinites Liesquereuxis, Kyn.
Cucumites Lesquereuxil, K.

5 Cucumites Lesquereuxti. Kn.

6. Aristochites, Sp. N v
Tricarpellites fissilis, Lix.
3. Tricarpellites fissilis, Lx.

Cross Section.

Drawn by F. H. KNOWLTON.

3owerbank
s i sourcd by DBowerba ‘
The London clay species hbuV }nt S rimen A
T “ermont s
¥ e smallest Ve . /‘
fer than of themn in the genus, but

on that I include any ‘
s to be the proper place for them.

much smal
without hesitati
on the whole it appear

arve all very
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Gunos TRIC % h 31ST-
Fh S I\RI) " i
ELLITES, Bowerbank, 1846.
TRICARPELLITES TRICARPELLITES ROSTRATUS, NOV. SP-
RPELLITES INEQUALIS, NOV. $p. s p
Plate LXXVIL, fig. 52.

This is a very peculiar form in which, as shown, the upper end
¢ beak. The lower part is sub-
erous indistinet ribs. The
wo and what

Width,

Plate LXXVII, fig. 44
Form usually b -
Rlads rO'd(“ ; V1 .
Y y ovate, edges sharp, sides very unequal is contracted to f t
’ is contracted to form 2 sort ©
There are num
s ribbed than the other t
Length, 26 mm., I inch.

surface withont ribs. S
o s. Somewhat roughened. Length, 25 mm a . .
‘ , 2 i - . adr - in section.
, 20 mm., .75inch. Thickness, 15 mm., .6 inch, a linglﬂal 1; sochor 1
- o -\ side shown in fig. 52 is les

ribs there are do not show.

TRICARPE
PELLITES E AT
ITES ELONGATUS, NOV. Sp.
Thickness, 11 0., 45 inch
8, . - .

15 M., .6 inch.

Plate LXXVII, fi
, fig. 45,
TRICARPELLITES OVALIS, nov. sp.

Form long, s
cides nearl g, slender, lower end much narrower than the u
no rib lg equal, cross section sharply triangular.  Surf pp?rl;
ribs. Length, 33 mm ; gular. -face wit
. 1.25 :
Thickness, 10 mr;l 34 incil 5 inch.  Width, 15 mm., .6 inch. F 1 oval, surface ithout
. . orm long oval, surface Wi 1
Length, 26 mm., .1 inch. Width, 15 mm., .6

Plate LXXVTIIL, fig. 33.

ribs, ends pointed bluntly.
inch. Thickness,

TrIicARP - .
ELLITES LIGNITUS, nOv. Sp. 14 mm., .45 inch.

Plate LXXVII, fig. 46. .
lRICARPELLITES CA—\STANOIDES, nov. Sp.

Plate LXXVIL, fig 54.

e side flat with median depression,
larly ridged. Resembles the com-
.75 inch. Width, 20 mm., .75

This i 5 irr i
angu]arlzbaoiotlvtl,mlrlggular.spec1es, like many others sharply tri-
glbbl_llar pove ! Cea e‘c(;)mmg rounded and almost cylindrical or
AN ‘seb elow. Surface, irregular. Length, 22

, .85 inch. Width, 18 mm., .7 inch. Thickness, 15 rr;m
b 4

Fruit small, pyramidal, on
other sides very convex. lrregu

mon chestnut. Length, 20 mm.,

.6 inch.
TRICARPE iq . . .
RPELLITES CARINATUS, NOv. Sp. inch. Thickness, 1S min., .73 inch.
Plate LXXVII, fi 7
, fig. 47.
One of the : TRICARPELLITES RUGOSUS nov. s
small 2 . i1 S R S, - SP-
er fruits. Edges thin and sharp, surface with l Plate LXXVII, fig. 55
ate 2 , fig. 55.

e rough, ends pointed, one

fe an isti 1 i y + .y ]
not dlStlnCt rle, Cndx Sl]ghtl pOinte( Len th 24 m

] 1_ o m wn in the

w S .

.9 inch. Width, 14 mm., .54 i i
, 14 . -54 inch. Thickness, 10 mm., .4 inch. Fruit irregularly R e

side flat, the other two form a convex surface as sho

TRICARPE
PELLITES DALED . .
» OV. Sp. figure. Length, 25 mm., I inch. Width, 15 mnl., .6 inch.

Plate LXXVII, fi
, fig. 48.
rrl{ICARPELLITES ANGULARIS, nov. Sp.

This is a short, 1z i |

1 S t{01v1teh.er stout species. The upper end is some- s

a few well de’ﬁ 1 1 1‘Oun_dﬁ‘d, unsymmetrical. Surface with l Plate 1OXVIL R 5

n oW ned {1bs which do not show well in the figur
gth, 23 mm., .9 inch.  Width, 18 mm., .7 inch. Thi S s,

13 mm., .5 inch. . ‘ pickness,

rather irregular in form, edges very

Fruit of medium size,
lower blunt, surface rough.

sharply angled, upper end acuminate,
Length, 23 mm., I.1 inch. Width, 13 mm., .7 inch.

. ..
e e



188 REPORT OF THE VERMONT STATE GEOLOGIST.

TRICARPELLITES AMYGDALOIDEUS, nov, sp.
Plate LXXVII, fig. 58.

Fruit shaped like an almond, pointed above, rounded below,
surface somewhat ribbed. Width,

Length, 25 mm., 1 inch.
14 mm., .55 inch.

Thickness 12 mm., .45 inch.

TRICARPELLITES rAGOIDES, nov. sp.
Plate LXXVIIL, fig. 59.

Fruit triangular, resembling a beech nut, small, surface not
ribbed, rough. Length, 16 mm., .6 inch.
inch. Thickuess, r1 mm., .45 inch.

Width, 15 mm., .5%

TrRICARPELLITES OBRsUS, nov., sp.
Plate LXXVII, fig. 60,

Fruit irregularly globular, but flattened on one side.
shown i1 fig. 6

This is a v

That
iIs very convex and furrowed like a melon.
ery unusual form in this genus and perhaps it should
be placed elsewhere, but it opzans by three valves and appears to
be three celled. Length, 20 mm., .S inch. Width, 20 mm., .75 inch.

TricarreLLITES FIssiLs, (Lx.)
Plate LXXVII, figs. 61, 62, 63, 64, Fig. VIIL, 7, 8.

Carpolithes fissilis, Am. Journ. Sei. vol. XXXII, p. 356, 1861.
Carpolithes fissilis, Geol. Vermont, vol. 1L, p. 713, figures, vol. 1, p.
229, figs. 118, 119, 124, 1861.

Lesquereux describes this species as follows “Capsule a lit-

tle flattened, ovate, lanceolate, obtuse or rounded at one end,
pointed at the other, obscurely ten costate, irregular, trivalved,

dehiscent or closed.” In the Vermont Report the species is

spoken of as rare, C. brandonianus being considered as the com-

mon species.  In the later findings this species is quite as abund-

ant as the other, and neither is as common as some of the J7010-
carpellites. In the Vermont Report of 1861 several very differ-

ent forms are included in this species, and some of the figures can-

Ny

e e e e et P e
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Yy . (S ﬁ: ure
(0] l (5] T any reconc le l W h the ¢ 1 p mnon

n wa oncilec 1 € lesc 1pt l ) o

nt Iz CPO cor CSl)()IldS bettel W lth the

H > Vermo o
pumbered 121 in the any of the others, but even this 1s

>Ci s than

al type specimens ny hets, bu (s i
aCtubtf ld ’ Lesquereux’s description quoted db()\‘(: may we‘t san
o thu .species of which fig. 62 is a large specimen, most be g
omewhat specimen,

- nd fig. 61 :

omewhat smaller, a g very o pecimen,
5 hile figs. 63 and 64 show end views of this species. Fig
while .63 ¢

22 ... S8 inch. Thickness, 15 mm.,
23

is a very open
33 mm., 1.3 inch, Width,
.6 inch.
TRICARPELLITES SEELYL, NOV. Sp.
Plate LXXVII, fig. 65.
Form regularly oval, sharply acuminate at the upper end,

b4 M
and I()unded belO\V, sur EaC(: not Ilbbed- IJQIlgth, 26 min I 4,
lﬂch. VV 1dth ]5 min. 6 HlCh. IthknﬁS S, 15 mm., .6 lﬂCh.

’ ot

TRICARPELLITES MAJOR, NOV. Sp.
Plate LXXVII, fig. 60.

. o ne
Fruit oval, large and rather coarse, 100k1ng'much like a?[;u ;
face roug,h almost warty, ends blunt pointed. Length, 3
surfa , s ;
mm., 1.25 inch. Width, 18 mm., .77 inch.
. L.
TrRICARPELLITES CONTRACTUS, NOV. Sp.
Plate LXXVII, fig. 67.

y p nd
Frl.l]t IIIEgUl&Il C()Ilt[actﬁd at the u pt[ C‘lld, 1()8Wel ec
> . 5 3 . .
IOunded quface not [1[) J(,d L(),Ilgtll 22 mMmim. 1n
’ )

Width, 13 mm., .47 inch.

TRICARPELLITES PRINGLEl, DOV. Sp.

Plate LXXVII, fig. 68.

1 speci 1 arl
F more quadrangular than in other species, sides 1t1§ Z
orm a . e I
equal, surface somewhat rough, but not ribbed. Length,
b

85 inch. Width, 1g mm., .7 inch. Thickness, 16 mm.,
mm., . . 9

.6 1nch.
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TRICARPELLITES ACUMINATUS, NOV. Sp
Plate LXXVIII, fig. 83.

Fruit irreguls i
gular, pointed above
y i : , rounded below, secti
of medium size, surface without ribs it o
ength, 22 mm., .87 inch. ,

. somewhat rough
Width, 13 mm., .5 inch. &
TRICARPELLITES HEMIOVALIS, NOV. Sp

Plate LXXXI, fig. 171.

Fruit small 1 i

, very Inequilateral, cross secti

: s section
surface n?t ribbed. Length, 20 mm., .7 " Wid o
mm., .55 inch. o i,

inch.

Genus BICARPELLITES, nov. gen

On sectionin
g some of the fruits, I f
e . s, ound them two cel
Woulds freen n;])t%ced some of these are triangular in sectiss :ild(i
N a,re tom t elllr ;ppearance, be placed in Tricarpellites, but
wo celled as shown in fi ’
ey , . g. 39, Plate LXXVI. Ordi-
thosz, il}(l)\levher, thlc;se fruits are flattened and resemble closr:lly
at have ‘ /
- een called Monocarpellites 1n
T'he genus may be characterized as follows:

foregoing

BICARPELLITES
; LLléES.l Carpels.usually flattened, though somewhat
val or ovate in outline, distinctly costate. Open

by a valve on each side.

triangular.

See figures 38, 39, 69, 72.

BrcarprELLITES Gravava, (Lx. sp.)
Plate LXXVIII, fig. 69.

P b s X. our. Sci. Vol. XXXII, . 356, 1861.
Ccd.l olithes Grayana, 1, Am. Jou C [0} P s

polx €s grayana, ILx. Geo ogy o nt, Vol. II, : . 714,
arpo lho Geol f Vermo t, $] P

I ruit la] ge, narrow, pOlIlth at CaCh C”d, five or s1x rle on

each side.
A not \1}1\;1.cornrnon form in the lignite. Length, 32
T sy et C11d.th, 15 mm. Thickness, 11 mm., .45 iI,ICll.
gured is rather larger than the average and than

the type specimen in the Am. Museum

mm., 1.25 inch.

| p—
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is as follows: Fruit
btuse at one end, marked by a sharp point at
ne inch long, less than an inch
He adds, ¢ This species has
It is nearly related to
tin the upper Tertiary

Lesquereux’s original description

oval, elongated, o
the other, a little flattened, o
long, broad, obscurely costate.”’
the form of the kernel of an almond.
Carpolithes pru7z{f01'mi.s‘, Heer, abundan
of Europe, especially at (Eningen.”

l‘}IC:\Rl’EI,L‘TES OBESUS, NOV. Sp-

Plate LXXVIIL fig. 70.

Resembles the preceding in form, but is much thinner, with fewer

ribs, and the ends are more rounded. The differences in appearance
e actual specimens than in the figures. Length,

are greater in th
Width, 13 mm., 6 inch. Thickness, 7 mm.,

30 mm. I.2 mch.

3 inch.
JICARPELLITES KNOWLTONI, DOV. SP-

Plate LXXVIII, figs. 71, 72.

rounded below, thinner at the
Valves thin, pointed.
Length, 27 mil.,

Carpel somewhat smaltler and
valves. al form, broadly ovate.
Ends rounded:  ¥ig. 71 side, 72 upper end.
Thickness, 15 Ml -3 inch.

Gener

1.05 inch.

B1CARPRELLITES OBESUS, MOV SP-
Plate LXXVIIL, fig. 75.
tly considerably shrunken. Original form proba-

At present sub-quadrangular in section. Sur-
Length, 22 mm., .85 inch. Width, zo mm.,

.55 inch.

Fruit eviden
bly globular.
face without ribs.

.75 inch. Thickness, 14 mml.,

BieaRPELLITES ROTUNDUS, TOV: sp-
Plate LXXVIIL fig. 76.
Fruit irregularly globular, {ongitudinally grooved, upper end
blunt pointed, lower rounded. Valve openings small. Length,
22 mm., .85 inch. Width, 18 mm., -I4 inch. Thickness, i6

mm., .6 inch.
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BicaRPELLITES MiN1MUs, nov., sp
Plate LXXVIIT, fig. 79, x 5.

. Fruit very small, surface lightly ribbed, ends blunt
gure shows the fossil five times enlarged. 'Length 7 m;n

inch.  Width, 4 mm., 135 inch. 7
BICARPELLITES, VERMONTANUS, (Lx.)
Plate LXXVIII, figs. 88, 89,
((;,arya vermontana, Lx. Am. Jour. Sci.Vol. XXXIIT p. 357
o , - .
Ya vermontana, Lx. Geology of Vermont, Vol. 1, P. 230, fig, 130
. bl D ki

Vol. 11, p. 714.

Hicoria vermonta v i
na, Knowlton, Bulletin G. S. 152, p. 118.

The specimens referred to this specie
very well with Hitchcock's figure, ibpuetm‘:k?eyd(c)ion(\)z\:'tlclor;espond
specimens. Our specimens are not costate '+ are b
what variable in form and size. '
are as follows:
.45 inch.

; They are some-
The measurements of fi
. 88
i Length, 21 mm., .8 inch. Width, 11 %nm
ickness, 7 mm., .25 inch. Knowlton merel;

gives this a new name in his
. s catalogue. .
Hicoria. g It cannot, I think, be

GEeENUs BRANDONIA, gen. nov.

Branpoxia.
when fresh.
below.

Fruit more or less globular, apparently fleshy

here is some indication that it was angular

Braxnoxta GLoBULUS, nov. sp
Plate LXXVIII, figs. 73, 74.

Fruit as above, surface not ribhe

as the ont Of 3
hg. 73 The Spe(:1rn ns refe g
rred to this
e h enus
are qulte unllke an, OtherS seen. The two hgures are Of the same
SpeCImenS seen 1n two p()Slthn> - L ngth, 22 mm 85 m .
S e oy . Ch
Wldth, 23 mm., .88 lnCh. TthknESb, 13 mm 5 ln(h
oy o .

d exceptin one or two places,

The

e e

v
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Grnvs. HICORIA. Rafinesque, 1808.
ITICORIA BIACUMINATA, NOV. 5P,
Plate LXXVIIL figs. 77, 81.

This js one of the best preserved and finest of the fruits. Tt
closely resembles some ot the modern species of the genus Hico-
ria.  As the figures well show, it is pointed at each end, quad-
At the end, shown in figure 81, theve are ribs,
ost of the surface is smooth.
Thickness,

rangular in section.
but these soon disappear and the m
Length, 25 mun., .95 inch. Width, 20 mm., .8 inch.
14 mm., .55 inch.

Grxcs, RUBIOIDES. gen. nov.

RuBIlOIDES.
resembling the seeds of the modern Rubia.

Fruit very small, globular, somewhat flattened.

RUBIOIDES LIGNITA,; NOV. SP.
Plate TLXXVIIL, figs. 80. 84. x5.

These little globular fruits are much like those of the modern
Apparently, they were soft, globular, thin
The surface is not smooth in the fossils,

Diameter, 5 mm.,

Rubia tinctoria.
walled and berry like.
but most likely was so in the fresh fruit.

.2 inch. Enlarged five times.

Gexus, CARPITES,

There are certain of the fossils which T place in the above genus.
or of verv striking appearance.

Schimper Pal. Veget. Vol. II1, p. 421, 1874,

They are none of them large
Further study of these forms may very likely enable one to locate

them more definitely.
CARPITES INEQUALIS, OV, Sp.
Plate LXXVIIL fg. 85,

Fruit very unequilateral, one edge vather thin, the other rounded,
few irregular costae. Length. 18
Thickness, S mm.

cross  section triangular, 2

mm.. .t inch. Width. 13 mm.. .3 inch.

.34 inch.

14
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CARPITES OVALLS, nov. sp.
Plate LXXVIII, fig. 86.

.bFrmt regularly oval, end rounded, surface with a few indistinct
ribs.  Length, 2z mm., .63 inch.  Width, 1 mm., .37 inch,

CARrPITES TRIGONUS, nov. sp.
Plate LXXVIIT, fig. 87.

Fruit unsyinmetrical in form, acuminate at the upper end
- . ’
rounded below. Sharply triangular in section.

! Length, 17 mm.
L7 inch.  Width, 11 mm., .5 inch. W rrmm

Grnus NYSSA, Gron.

The genus Nyssa appears to have been well represented in the
forests which furnished the material for the lignite and several of
the ancient species very closely resemble modern ones. Plate
LXXIX is mostly occupied by species of this genus,

NYssA SOLEA, nov. sp.
Plate LXXXIII, fig. 78.

This is a small fruit which appears to belong to this genus. Its
general form is shown by the figure. At one end thz upper in
the figure, there is a stem scar. ; o
wedge shape.
inch.

The end opposite is thin and
Length, 25 mm., .y inch.

shaj Width, 12 mm., .45
Ihickness, 7 mm., .23 inch,

Nvssascrocarrea, Lx,
Plate TXXIX, fig. 90.
Nyssa microcarpa Lx. Am. Jour. Sci. Vol. XXXII, p. 301, 1801

Nyssa microcarpa, Geology of V
3 , 2 ermiont, Vol. II. p. 717. FRig
¢ 2 I p. . ured
Vol. I, p. 231, fig. 154. ¢
Lesquereux’s description of this species is as follows: -+ [Fruit
oval, scarcely compressed, regularly ribbed, short.,” This is a

description whict i
S ich ‘e the > 0 3r i
1 would fit more than one of the Brandon species.

The tigure is very S i I
gure, too, 1s very poor. The specimen in the Am. Museum

— -
R e O
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The figure, 9o, referred to
The type is not
As a supple-

is the only one to be had at present.
was made from a photograph of this specimen.
«ribbed” but rather somewhat rugose or wrinkled.
mentary description, 1 may give the following: Fruit broadly
oval. One end slightly acuminate the other obtuse, cross section
cylindrical. Length, 1o mm., .4 inch. Width, 7 mm., .27

inch.  With considerable doubt, 1 leave the species in this genus.

NvYssa CYLINDRICA, NOV. sp.
Plate LXXIX, fig. 91.

In the Am. Museum collection received from Dr. Hitchcock
there is a peculiar form of Nyssa which is labelled **Nyssa sp.”
Figure 91 is from a photograph ot this specimen and I have ven-
tured to add a specific name. The figure is somewhat larger than
the actual specimen. This appears to have heen the original of
Hitchcock’s figure, 155 Geol. Vt., Vol. I, but when he described
others of the species which had been figured, Lesquereux seems to
have passed this by. Very likely it was not sent with the others.
The specimen figured has evidently been considerably compressed
and it is somewhat broken, but it appears to have been cylindrical,
regularly ribbed, tapering to a point at one end, blunt at the

other. It is 10 mm., .4 inch long and 5 mm., .2 inch in

diameter.
NyYssAa LAMELLOSA, NOV. Sp.
Plate LXXIX, figs. 93, 94.

This is one of the rarest and most distinct species found in the
lignite. .\ comparison of fig. 93 with 92 which is from a photo-
graph of the fruit of the NVyssa ogechee now growing in the south,
is sufficient to show the close resemblance of these two. This
fruit is one of the largest yet found.  As the figure shows, instead
of the ribs which are common on the carpels of Nyssa,this species,
like the modern one, bears numerous thin elevations or wings.
These have been well preserved in the fossil and give it a very
striking appearance. The species may be described as follows :
Carpel large, long oval, somewhat fattened, surface bearing
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i1 longitudinal wing-like lamellae.  The highest of these is #
mm., others are less in height, all are thin and sharp. Ends
sharply pointed. Width, 20 mm.,
.8 inch.

Length, 37 mm., 1.45 inch.

NYSSA ASCOIDEA, NOY. sp.
. Plate LXXIX, fig. 96.

This species much resembles the modern V. caroliniana, but it
is larger. It also closely resembles the living V. aguatica, fig. 93.
General form ovate, lower end rounded, upper showing a distinct
stem scar. Surface smooth, evenly ribbed by 10 rather broad and
rounded costae. Somewhat flattened, but probably cylindrical in
section when fresh. The figure places the upper end at the bot-

tom. Length, 16 mm., .65 inch. Width, 10 mm., .4 inch.

Nvyssa CRASSICOSTATA, NOV. sp.
Plate LXXIX, fig. 97.

The specimens figured in 97, 100, 103 are similar, but they
present what seeni to be real differences and therefore 1 have
placed them in several species. These differences are more ap-
parent in the specimens than in the figures. N, crassicostate is
shorter, thicker and with heavier ribs than the others. It is some-
what assymmetrical, one side being more curved than the other,

—more than is shown in the fisure. The ends are blunt pointed,

cross section nearly cylindrical.  Length, 20 mm., .8 inch.

Diameter, 10 mm., .4 inch.

NVYSsa OVATA, nov. sp.
Plate LXXIX. fig. 98,

General form ovate, pointed, ribs numerous, but only slightly
elevated. Fruit

Width, 9 mm., .35 inch.

much flattened. inch.

Length, 15 mm., .6
This is shorter and broader than most
of the species, in which characters it resembles A, aquatica, but

it is flatter and the ribs are smaller and more numerous.
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NyssA LESCURIL, ¢. H. HITCHCOCK.
Plate LXXIX, fig. 100.
Carpolithes Lescurii, Hitcheock, Portland Soc. Nat. Hist. Vol. T, p.
95, pl. I, fig. 5, 1862. -
«Fruit oval, slightly compressed, about 1 inch long, 1-2 inch
broad, slightly taper pointed at one end, but somewk'lat obt‘use
at the other, regularly 12 ribbed, with nearly equal ribs. ?ur‘—
face horizontally wrinkled. It is probably a .cap'sular fruit
with some affinity of general form to Aristolochia ringens but
far different by the number and prominenge of the ’r.lbs. It
appears to have been enveloped in a hard,A thick shell. .
The length of the specimen figured, which corresponds with
the type in the Am. Muscum, is 22 mm., .85 inch, width. 10
mm. .4 inch.

Nyssa Jonesis, nov. sp.
Plate LLXXIX, fig. 101.

Fruit similar to the preceding, but the ribs are fewer and
broader, and the form is more cylindrical and regular. Length,
2

o mm., .8 inch. Width, g mm., .33 inch.

NyssA ELONGATA, NOV. Sp.
Plate LXXIX, fig. 102.
This is more linear in outline than any of the others. How

ong it is when perfect [ cannot tell since no specimens have

been found that had both ends complete. Theribs are disvt.inct,
egular equidistant. Length, probably about 30 mm. Width,

8 mm., .35 inch.
N\'SSA MULTICOSTATA, DOV, Sp.
Plate LXXIX, fig. 103.

Fruit rather larger than the allied forms, ribs more numerous,
inequilateral, both ends blunt pointed. Length, 24 mm.. .95
inch. Width, ro mm., .4 inch.



198 REPORT OF THE VERMONT STATE GEOLOGIST.

NVssa EQUICOSTATA, nov. sp.
Plate LXXIX, 110.
Fruit of medium size, thin, flattened on both sides very in-
equilateral. Ribs small, regular. Length, 15 mm., .55 inch.
Width, 7 mm., .3 inch.

NVsSsA Lagvicara, Ix.
Plate LXXIX, figs. 99, 109, 113, 114. x4,

Nyssa laevigata, Lix. Am. Jour. Sci. Vol. XXXIII, p. 361, 1861.
Nyssa laevigata, Lix. Geol. Vermont, Vol. I, p. 251, fig 156, Vol. II,

p. 717.

Fruits small, cylindrical, more or less irregular, upper end
somewhat abruptly cut off, lower rounded. At the upper end
there is a distinct scar. Surface smooth or slightly rough.
Length, 8-11 mm., .3-4 inch. Width, about 5 mm., .2 inch.

Of this and some of the other species, Lesquereux remarks,
Am. Jour. Sci. XXXI1, p. 361, <“The positions of these fruits,
as they are figured, and their form, recall immediately the gen-
eral appearance of the fruits of Nyssa multiflora. The likeness
is still greater in comparing the dry drupes with the fossil
specimens. The thick putamen of some Nyssas is well adapted
for preservation in the lignites. Though our fossil species is

related to the living Nyssa multiflora, it differs by the size of
the nutlets and the absence of striae.”

NYSsa COMPLANATA, Ix.
Plate LXXIX. fig. 112, x4.

Nyssa complanata Lx. Am. Jour. Sci. Vol. XXXII, p. 361.
Nyssa complanata, Lx. Geol. Vermont, Vol. 1, p. 231. fig .153. Vol.

IL p. 717, 1861.

The figure of this species in the Vermont Report is much
better than those 0 most of the fruits there figured. Yeteven
this is inaccurate. The ends are never alike as the figure just
mentioned shows them. As figure 112 shows the fruit is ribbed
longitudinally. The form is ovate.

—. b — . . ..
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, . . .
1t is much more than ““bicostate” as Lesquereux descr}b%s 1
He calls attention to its ‘‘resemblance to Nyssa vertumni, 'dngr.

1 | 1 ari nsider-
ignites hine.” The species varies co
from the lignites of the R -
. The large specimens are 8 mm., .3 inch long, 5

Sy n s 1 inch thick. Others are less

mm., .2 inch wide and 3 mm.,
than this.
NVYSSA CURTA, NOV. Sp.
Plate LXXIX, fig. 111, x3.
i 1 and
This species is much like the preceding except 1n kforn; an
may be only a shortened variety, but it has some marks 0

tinction. . .
TForm short, broadly ovate, surface ribbed by low elevations,
3

inch.
one side concave, opposite convex. Length 8 mn;, .4 1nc
Width, 6 mm._, .45 inch. Thickness, 4 mm., .15 1nch.

Nyssa EXCAVATA, NOV. SP.
Plate LXXXI, fig. 166.

i 2X > 8l ex-
Fruit of medium size, pointed oval, convex on one 51d.e, o
y a wide deep furrow on the other, that shown In

cavared | Width, 11 mm., .37 inch.

figure. Length, 17 mm., .65 inch.

Nyssa CLARKII, NoV. Sp.
Plate LXXXI, fig. 167.
Fruit medium in size, longitudinally ribbed, general form

pointed oval, ends blunt pointed, cross section oval. Length,
20 mm., .75 inch. Width, 13 mm., .5 inch.

Genus CINNAMOMUM, Blume.
CINNAMOMUM OVOIDES, NMOV. Sp.

Plate LXXIX, figs. 104, 107, x4.

There are no riks

i i mooth.
Fruit regularly ovoid, surface s e ond i

but scattered and irregular corrugations. upper end 1e
marked by a depressed scar about the edge of which ar
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short teeth, seen, though not very distinctly, in fig. ro7. This
figure also shows very well the character oi the surface which
is, under a glass, not unlike that of a cocoanut.
fruits arce somewhat flattened.

Width, 53 mm., .4 inch.

The little
Length, 7 mm.. .25 inch.

CINNAMOMUM CORRUGATEM, NOV. SD

Plate LXXIX, fig. 103, x4

Fruit fess globular than the preceding, surface strongly irceg-
ularly ridged or corrugated, stem scar distinct.

Length, 67
mm. Diameter, 5 mm.,

.2 inch.

CINNAMOMUNM LIGNITUM, DOV, $p.

Plate LXXIX, fig 106, x4.

Fruit small,form ovate, surface smooth but turrowed by fine,

irregular grooves, lower end rounded, upper with distinct and
cup stem scar. Length, 10 mm., 4 inch.

Mameter, 6 mm., 7
inch.

CINNAMOMUM, NOVAE-ANGLIAE, Lx.
Plate LXXVI, fig. 82; LXXIX. fig. 108, x4.

Cinnamowmumn novae-angliae, Lx. Am. Jour. Sci. Vol. XXXII, p. 360.

Cinnamomum novae-angliae, Lx. Geol. Vermont. Vol. L p. 231. fig.
148, Vol. 11, p. 716.

Lesquereux’s original description is as follows:  Fruit small,
one-sixth of an inch in diameter, globular, enlarged above, nar-
rowed below to an obscurely costate point, épparently a broken
pedicle, smooth.

I could not discover in the specimen the horizontal striac
marked on the figure in the Vt. Report.  The fruit is like that
of Cinnamomum, a genus well represented iu the different
strata of the Tertiary of Europe. This gehus is also represented
in the Terdary of When perfect the surface i
smooth, but in most cases, the pericarp is gone leaving =
roughencd surface,

America. 1S

' | a— .
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GENUS APEIBOPSIS, Heer.

fi > «« Fructus
The genus Apeibopsis is thus defined by Hegr rOt}:mdam,
i .16 valves, polyspermus, .semml us, rotndate,
CaPSUlE_mS{ ’ vis locula biseriatis, tolia palminerva. = h\
parv-uhsa o qul(;teralibus camptodromis.” Bowerbank, 011; t »e_
rriidlflf:;gOZicludes fruits like those Whidch He(ffAclal.H;qrtSif
oo | 5 ites and says arts
bop in'the m??):ln g:«?siin(éfeci}rz:z of variyous members o;
t'hese e C< buf:umites Lboth in their outward {orm. amf
tlhe're'?izt‘nﬁfrll:;ucttll‘u that no reasonable doub‘i1 cgn rdesmgént{z“
o - : 1 e’ (Fruits an eeds
- beinlg: 'tn;e Sirci?;letracszzlare(srthat these fruits caljno]tl
E:I;)(ll::eccli :: ;llll).' ?iving genus and considers the characters suc

i . Cucurbitaceae al
that they cannot be included in any of the C

" ' \l’h”-()l’h’lb [[Lh 11, L\
Plate I,}s\‘ X, 1405, 118, l_«’], 124.
Aper pHLs X. & N . . , P. 0200
1 He 1 m, Jour >CL Vol XXX[I 8
eril, Lix YL, !
N Jel:)o())h s Heern I.x. (xeol. ey mont. Jol. I, P = 0, gs. 2. oy,
\p P et V V 23 f 132.1
Vol. 11, P 710. /
PR d s t . - - ef 13 l]‘
gouereux s ebc[lp 10t q as usud ry bll .
e uer b ‘ Ve ! 1 |
I (l l oroove (l o) ng)\t’ dl\\tl (,t‘y mar }
2101)\\ ar, (‘Cp vV g T ) ke(l ‘ seveun
- fa | ) " s S ol PR d b tl [ L\Ill.
11 e t ex Sp(‘(, mens i e k,(l. as
ere  are hI 2 clrmnen Ll A HV:: VI
\l ) 1 llld { lt‘y are O nuchn dSSlStJUCL n (11.\, ovel lllg ‘l st
Museum « \ l
hc L sgluereux a W > © sC Lb }i( S.
wlihia 5] >l (l Hl(l (G2} (le i )g(ll te(’ specle |
t 18 e large g ()l \ll(ll 5[) = S 1()\\\l(l 111 h l 1 . 3 “ l ¢
| & yuld ecle
sp S C ) ek S y O t sxact Size
< (= Of S CO res ((l so tha
mens are ore 0O les coniyg t ll(’ (&
‘d C\l llt cl(lﬁ/ out. € é cre S C1-
> & > varies C p
C &) D l 1 (l ane 2S 1 tteren ect

z inch.
mens from 15-20 M. .6.75 1nc
Apgipopsis GAUDINITL Lx.
Plate LXXX, fig. 120, 128.

inii < - Sei. XXXIL, p. 358
. sis Gaudinii, Lx. Am. Jour. - 1
Itpefi))o{)g;: Gaudinii, Lix. (Geol. Vermont, Vol. I, p. 231, figs
Apeibop ,
Vol. II, p. 715, 1861
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This is quite like the preceding, but smaller and more abun-
dant. Lesquereux’s description is ‘¢ Fruit smaller, oval, de-
pressed on one side, costae are more numerous and less marked,
surface nearly smooth.”

As in the previous species, the specimens of this are all com-
pressed so that none have the original globular form.

The diameter is on the average 15 mm., .6 inch, but the
size of different species varies.

APEIBOPSIS PARVA, NOV. Sp.
Plate LXXX, figs.148, 152.

Fruit small, globular, six costate, surface somewhat wrinkled.
Diameter, 8 mm., .33 inch.

Gexus ARISTOLOCHIA, Linn. 1765.
ARISTOLOCHIA OBSCURA, LX.

Plate LXXX, figs. 123, 125.

Aristolochia obscura, L,x. Am. Jour. Sci. Vol. XXXII, p. 359.
Aristolochia obscura, L.x. Geol. Vermont, Vol I, p. 231, figs. 137, 138,
141, Vol. II, p. 715.

1 am inclined to think that this species should be placed in
Apeibopsis, but on the whole I follow Lesquereux in placing it
in this genus. Lesquereux’s description is as follows: “¢Fruit
capsular, small, one-third of an inch in diameter, six or seven
costate, globular or a little flattened.”” Then he adds, ¢This

species is uncertain. The specimens are not well preserved
and I had not any {for anatomical examination. I believe,

nevertheless, that it is a specimen of this kind that Prof. Bailey
has critically examined by a cross section. He found it a six
valved pod, with seeds apparently flattened. This agrees with
the structure of the fruit of Aristolochia.”” The specimens
which 1 have examined are seven celled, surface roughened,
average diameter, 10 mm., .4 inch,

TSI ¥ g— e o—
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ARIST()LOCHITES, Heer, 1866.

£ RUGOSUS, nov. sp.

GENUS
ARISTOLOCHIE
Plate LXXX, fig. 115.

d. oval, surface much corrugated, and there are
| in the figure but on the end upper-

Length, 17 mm., .67 inch.

Fruit six celle
which do not show

six costae / in
distinct.

most in the figure they are
Diameter, 12 mm., .47 inch.

TE 3 ) oVv. Sp-.
:\RISTULUCHHLh OVOIDES, D P

Plate LXXXI, figs. 136, 137.
well preserved, surface Smooth, sgcfar altlegp;;(ia}r(
posite end slightly acuminate. ix ce r,nm
Length of 136, 14 mm. .53 inch, 12 o

Fruit ovoid,
end elevated, op
indistinct costae.
.45 inch.

TES N JJANUS, 1OV, Sp-
}sRIS'!"U]AOCHllh.\ BRANDONI ,

Plate LXXX, fig. 138.

i ilum raised and
tir '
what roughened, cross section ﬂatt-ened
Length, 16 mm., .7 inch.
.45 inch.

; al, h
Fruit large, somewha regular, round oval,

knob like, surface some .

ression.
oval, probably due to compres -
Width, 15 mm., .6 inch. Thickness, 11T Mm.,

’.\RIST()LUCHY'I'ES APICALLS, nov. Sp-.

Plate LXXX, fig. 144.
per end contracted to a blunt

ion, up o

1 . P 1 sect
Fruit quadrangular 1n s on P ey

point, lower rounded, surhfa
inch. Width, o mm., 4 inch.

FANS . Sp-.
A%RIS'[OL()CHITES ELEGANDS, nov P

Plate LXXX, fig. 145.
somewhat closely rese
but it i§ smaller an
Length, 12 mimm.,

mbles Lesquereux’s
d more cylindrical.
.47 inch. Diameter,

Fruit not large,
Aristolochia curvala,
1t is six costate, ovoid.

8 mm., .5 inch.
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ARISTO SOCHITES TRREGULARIS, OV ‘ﬁp
Plate 14\[2&1(. ﬁ,L’. 149.
rllit SMe i ( 1 ( ]‘1 a [‘ e K
small, yl 1Cet i \l i
3 L)Olnt(;‘d < © (=
4at one, squa i
[* n 5 1 1 Other,

form irr ar, six indisti
: egular, six indistinct ribs.  Length, 1 1
Diameter. 6 mm., 25 inch ’ mm 4 neh

ARINPOLOCHITES DURBLUS, NOV. 8P
Plate LXXX. fig. 153
This small 1 .
small s 05 ars i
s 2 hépecma appears to belong with those which Th
i 5 genus 1 \ o
bt this genus, but its true affinity 1s not clear. It s
e o s, ‘ ar. w
P t} nore nearly globular when fresh than now. It haS
SIX not ver 1stine .
> t,l-y distinct  costae. Length O mi 1 N
Diameter, 6 mm.. .25 inch o to3s meh

‘\l\l\'[‘()[()( H 1T RS (ean S V., SD.
< JOCHLY
TRy ONITUDEUS, NOV, gy
Plate LXXXI, fl,_U. 154

|‘ p . ld 1 ] 3 M :
ruit y[dnl al at the uppe t N4 (ll l [02%Y
ptr nd, 101¢ 1
C ca l)el y
:'tlongly Il(l::zbed \\llh decp furrows l)e[“(“,en tllt [ll)s. LEHgth,
17 Min., .0 (] . Jla [lt"(“], g mm., .35 ln(‘h

:\Rl.\"l'()]. WHITES LATISULCATU S, NOV SD
Plate LA(AXI. . 155.
] rutt r()und \/al ne lIly ( ‘ W & Wl(le]y
o ) \,' .
o bl <« as wide as ion b [
. z‘-’,, ribs tew dnd
S epal d.ted, rather thlLl\. Lt‘,Ilgt]l, I mim., [§ 3 \/-\A
S o W0 lnCh. 1dth,

\!\l‘\llﬂ,()( HITES S 0AT S OV Sb
s . .
Plate r41\\A>\I- fAgs, 156, 157

General for
ot z s
m oval or subquadrangular. C 1
edges, prominent with wid dd . | e e
: ¢ and deep sulcatt
edses, prom: p sulcations between. T
sharper and more 1 1 : o
conspicuous 18 1

ostac e he s in this than
» e : ,, m an
4pind l]_.,cngth ol 156, 3'mm. .5 mch. Width .

mm. . ch. ‘lgure 1§ / o . ger

. e 157 was take : ¢ i
e aken from a slightly larger

A
o g i
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A RISTOT,OCHTE ks CURY

Plate LXXXI. fig. 158.

ci. Vol. XXXIITL, p. 354,

Lx. Am. Jour. S
230, figs. 135. 136,

Aristolochia curvata,
J1. Vermont Vol. 1, p.

Aristolochia curvata. Lix. Ged
Vvol. I1, p. 715, 1861.

This form seems 1o be most like the type of Lesquereux’s

Am. Mus., but it does not agree very

species as represented in the
well with Hitchcock’s figure nor have 1 seen any specimen that
iy very brief, as fol-

does. Lesquereux’s description, like most,

lows:

G Fruit capsular, amall, h
ht strong costae, somew!
d is a little larger than the above,
6 inch long and 9 mni.. .37

alf an inch long, oval, pointed, marked

1at curved on one side.”

with eig
but does

The specimen figure
not differ essentially.
inch in diametev.

It is 15 mm., .

:\RISTOLOCHITES ACUTUS, NOV. spP.

Plate LXXXI, fig. 139.

blunt pointed at the
cated forms which is
are cut off more

Form ovate, po'mted sharply at one end,

other. This is the ounly species of these sul

As the figures show, the rest

acute at each end.
mm., .63 inch. Diame-

or less squarely at one end. Length, 17
ter, 10 M., inch.

;\RISTOL()CHIT]{S EXCAVATUS, Nnov, sSp.

Plate LXXXI, fig. 160

v orbicular, sonmetimes
widely separated,
inch.  Width, 10

Fruit variable in form, sometimes neart

oval., Neither end s pointed. costae very
rather thick and heavy. Length, 13 mm., -5

mam., .5 inch.
5 .

*ARIST()LOCIIITES CRASSICOSTATUS, nov. sp.

Plate LXXXI, figs. 161, 162, 165.
rounded,

Diame-

ral, rounded at each end. costae very thick,

Fruit o
Length, 162, 17 nam., .65 inch.

not widely .~epa1‘ated.
ter, 12 mm., 3 inch.
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ARISTOLOCHITES CUNEATUS, NOV. Sp.
Plate LXXXI, fig. 163.

Fruit longer and narrower than most, blunt pointed at one
end, broad and wedge shaped at the other, ribs not much elevated,
few, somewhat quadrangular in cross section. Length, 17 mm.,
.65 inch. Diameter, 9 mm., .35 inch.

ARISTOLOCHITES MAJUS, 1OV. Sp.
Plate LXXXI, fig. 164. Plate LXXX, fig. 134.
Fruit large, oval, ribs not elevated, rounded at each end, sur-
face somewhat corrugated. Length, 20 mm., .75 inch. Diame-

ter, 13 mm., .55 inch. This is the finest of the species and is not
much flattened.

ARISTOLOCHITES GLOBOSUS, NOV. Sp.
Plate LXXX, figs. 129, 151.

Fruit small, globular, surface rough, not costate. Diameter,
10 mm., .4 inch.

Genus SAPINDOIDES, gen. nov.
Plate LXXX, figs. 129, 151.

I have proposed this genus to include certain more or less glob-
ular or ovoid fruits which resemble some of those of Sapindus, but
cannot be certainly determined as belonging to that genus. They

appear to have been somewhat fleshy, or at least covered by a
layer of fleshy material.

SAPINDOIDES VARIUS, 10V, Sp.
Plate LXXXI, figs. 116, 117. 122.

The specimens which I have referred to this species are much
like the types of Lesquereux’s Aristolockia ocningensis in the
American Museum, but they are not at all like the figure given in
the Vermont Report, Vov. I, p. 230, fig. 134, nor are the speci-
mens so labelled in the Museum as mentioned above. 1 do not

find any specimens that can b

figure.

i ite irregular i ‘.
ovoid, but often quite irregular in for
?

of (16, 20 M.,

. Fruit irregularly globular, small,

what flattened.

p3,mm., -5 inch.

J— [pe—
BN ¢  ge— . . —— —
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e lLikened to the above mentioned

: p .. Fruit in general
s may be described as follows: TFruit m g 1
e e o qoi Surface smooth. Length

i g5 inch.
73 inch. Diameter, 14 mm., .55 1

< 4 7. SP-.
Sr\l’l\'l)(\lll}-‘,.\ pARVA, NOV T

Plate LXXX, fig. 126.
surface roughened, some-

i inch.
Greatest diameter, 12 mm-, 47

S DIUS 7. 8P
GApINDOIDES MEDIUS,  HOV P

Plate LXXX, fig- 130,
Length,

N N nk ed.
F all lO lg OV s ce som hat I
it sm cll suria ew W l

Diameter, 10 mm., -4 inch.

L v ERMONTANUS, NOV. SP-
SApINDOIDES VERMONT ,

Plate LXXX, fig. 132, 135. h
vlindrical, surtace somewhat rough-

Fruit small, elongated, ¢ b, e 6

e S [ m..
ned, ends blunt. Length, 14 M

r
mm., -25 inch.

: crreantUs, (Lxa)
QAPINDOIDES AMERICANTS, (

Plate XXX, fig. 119, 140,

Jour. Sci. X XXIIL p. 357

, . . * ]
dus americanus I,x. Am N "

e (yeol. Vermont. vol. L. p.

Sapindus americanus L.
Vol. IL. p. 715

With some hesitation,
which Lesquercux placed 1
belongs there [t has much resemblan o

. ) i y ol s, bu

' Sapindus, as for pstance S. mmgm.az b i
S , internal  structure which 1t sho

preier 1o place itt

| take this torm out of bflp111du5 i
it because 1 cannot think thiat.lt
ce to some ot the fruits

am not able

to make out the

P us l th efore hl, new ‘?:"(‘Illlh as
5 [Ss o] .
Sdpll d ~ s

) 3 2 IX » [ { S oAx t()H()\\ > yl‘I\Ut OV r_ll, reni-
1 \(,llptl n1s ds N
L,S,lutl&LA\» €l
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torm, either smooth or irregularly rugose, depressed or flattened
on owme side, about half an inch in its greatest diameter.” Tt
may be described as follows :

Fruit oval, more or less flattened, surface shining, but corru-
gated. Measurements, fig. 140.
Width, 14 mm., .53 inch.

Length, 20 mm., .75 inch.
Thickness, 11 mm., .46 inch.

SAPINDOIDES CYLINDRICUS, IOV, Sp.
Plate LXXX, figs. 131, 139.
Fruit small, elongate, oval, cross section cylindrical, sur-

face shining, somewhat corrugated. Length, fig. 131, 13 mm., .5
inch. Diameter, g mm., .37 inch.

SA\PINI)(,)”)E.\’ AMINIMUS, nov. Sp.
Plate LXXX, fig. 127.

Fruit very small, oval, surface wrinkled. Length, 8§ mm., .37
inch. Width, 5 mm., .2 inch.

Gexvs PRUNOIDES, gen. nov.

This genus is established to include several forms which are
much like the stone of the fruits of the modern genus Prunus.
This resemblance will readily be scen in the figures, 133, 141,
etc.

PruNomes pursarvrorys (Lx.)
Plate LXXX, fig. 133.

Carpolithes pruniformis, Lx. Am. Jour. Sci. Vol. XXXII, p. 359.

Carpolithes pruniformis, L.x. Geol. Vermont, Vol. L. p. 231, figs. 146,
147, Vol. I1, p. 715, 1861.

On the whole specimens like that shown in figure 133 are
more like Lesquereux’s species than anything I have seen
and they arc therefore referred to it.

The original description
is as tollows:

“Fruit narrowed at one end, where it bears a
round small cavity, inflated and obtuse at the other end, a little
curved on one side, smooth.”” The specimen figure is almost
exactly equal 1n size to that figured in the Vermont Report., It

is I14 mm., .55 inch long and 10 mm., .4 inch wide.

e i e, § J—

!

— ¢ - g—— - — _,

It 1s not a

and sh
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PrUx0IipES SEELVIE, NOV. SP
Plate LXXX, fig. 141.

1 ‘ S is apparent.

The resemblance of this specimen to a plum stor'xc : pEmOOth
¢ 25 d 2 ! ‘ ; \ Y

ommon form in the lignte. The surface 1 o

. hat rough on the edges. is

ini omew
o 1n the center, S . (
e 5 inch wide, and 7 mni., .27

15 mnl., .65 inch long, 11 mm., .4

inch thick in the middle.

Gexvs PINUS, L.

1 1 s lignite it would
{ coniferous wood 11 the ligmt N
eds of such trees would occur also,

s far almost entirely cluded the

foss! . seeds of
A few of the lignite fossils appear to be s

‘ollector. A . o ome of the
(’(')H s or allied trees and 1t 1s not impossible .that s
pines :

e juniper
as figs. 137, 130 and others may be fruits of som lgkc Lt)he
O'thers y hri‘he specimens figured in 142, 143 150 are
hkedtrc? : s seemed be
seeds of so

to that genus.

From the presence ©
be expected that {ruits or s¢
put if they exist they have thu

i efer them
me of the pines and 1t ha stto 1

PiNUs CUNEATUS, NOV. SpP-

Plate LXXXII, fig. 142, 143.

l r, W t'd € Shcll)ed IatheI thlcl\, Surf ce rugose
gu ar, g ? a g
a 3

.65 mnch. Width, 12 mm.,

Form t .45 inch. Thickness, 7

143, 16 mm.,
mm., .27 inch.

PINUS CONOIDES, N0V. Sp.
Plate LXXXII, fig. 150.

form to the preceding, but more cor‘loidgl imd
and less flattened, being nearly Cyllndl‘lCE.l in
- i ller than the specimen
Width,

Similar in

much smaller, :
The figure 18 somewhat sma

o Length, 11 mm., .43 inch.

from which it was taken.

7 mm., .28 inch.

5
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Gexus ILLICIUM, L.
liviciear niexrroa, Lx,
Plate LXXX, figs. 146, 147,

Mlicium lignitum, Lx. Am. Jour. Sci. Vol. XXXITI p- 360
o X ) > [l . 20U,
Micium lignitum, Lx. Geol. Vermont, Vol. I, p. 231, fi
I " : . I, p. .
49, Vol. II, p. 716.  As in other cases the figure in the ’Veéf

mont . o
Rep()rt Zlnd the t} pe mn f\lll I\/IUSCU] 1 dO not agree but 1S
) S

in other cases, we may follow the type. Figure 146 is from
a

b .

5 otograp}.l of the type specimen natural size and 147 1s the

ame specimen taken so that it is enlarged about 4 tim
es.

LeS(]ueIe X de cripti : ed sma 0] -
u
S S p on 1s as i()“()\\S Se 11, ne

?1ghltlh of an inch long, oval, pointed, marked at the point by a
Isr:jn siag and by a ring on one side, very smooth and shinir};g
no ut'refer this seed to Zlicium. 1t is a little thi 1 :

and more pointed than that of J7/Zcium: anisatum of Chin: 'lc ot
ﬁbf)}l'[. the same size and the same form.” e bt
Sevlel;;sl z;e;(li::;:]slto be very fragile. I have seen parts of
povera : I s but the or_lly entire one that I know of is that
gured. Its glossy surface is very noticeable since even when

smooth none > fruits i
one of the fruits possess so polished an exterior as does

this.  Length, 6 mm., .23 inch. Diameter, 4 mm., .15 inch

Gexus DRUPA, Gop.
Drura RIARDOSPERMA, Lx

Plate LXXX], figs, 168, 169, 170, x3.

Drupa rhabdos -
perma, Lx. Am. Jour. Sci. V
. . . Vol. XX )
Drupa rhabdosperma, Tix. Geol. Vermont Vol o

Vol. 1L p. 716, 1861. L p. 231, fig. 150;

This is

'ns 18 one of the most attractive and abund
species of the Brandon {ossils.
beautifully corrug

ant of the smaller

e ‘ When magnified so that the

o oo atec surface is well seen it is very handsome

.es X’s deseription is: ¢S ' f |

: S eed sma 3

e eenetiption | _‘H’ of the same form and

s Ulictum, oval, pointed, or slightly beaked

aked,

finely & ©ostri
v and deeply striated, marked under the point by a deep

«

~
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These seeds resemble those of Finus rhab-

triangular scar.
The likeness

dosperma Heer from the miocene of Switzerland.
is not enough to prove that our secds are of the same species or
even the same genus. Anolagous forms of such small seeds are
found in different genera, putamen is pretty thick, very hard,
bony, and in all the specimens that T have broken the kernel has
been destroyed or the seed is empty. The kernel is covered with a
brown skin, like that enveloping the albumen of the seeds of pines.
However, the affinity of these seeds with those of pines is ren-
dered doubtful by the absence of cvery trace of wing in all the speci-

mens, six in number, that I have seen.” The specimens vary

~

somewhat in size but an average specimen is 5 mn., .2 inch long,

3 mm., .11 inch in diameter.

Gryxus CUCUMITES.
CrevMiTes, LEsQUErREUNI, Kn.
Figure VIII, Nos. 3, 4 5

In the Bulletin of the Torrey Botanical Club, Prof. F. H.
Knowlton has described and figured the above species. The
figures are from drawings furnished by Prof. Knowlton.

Knowlton’s description and comments are as follows:
««Among the fruits sent me by Professor Seely and which were
afterwards sent to Lesquereux himself, was a single, small,
nearly spherical fruit named Carya globulosa by Lesquereux
himself. This was the first intimation of the existence of a
species under this name, and for a time it proved a complete
puzzle. Subsequently in looking over the collections of the
United States National Museum I found a small box containing
fruit under this name and in the catalogue the information that
the species was unpublished.

«The fruit may be described as follows: Specimens are com-
pletely spheroidal in shape, being only slightly compressed at
the apex. Some of the fruits have retained what seems to have
been a thin outer covering or exocarp which entirely enveloped
them. Through this thin exocarp the wrinkling or roughening
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of the truc capsule is plainly discernible, and in this condition
they really very much resemble some living species of Juglans
or [/licoria which are provided with an indehiscent exocarp.
When this outer covering 1s removed, several valves become
apparent, and when the specimen has been macerated in the
potash solution, may be very readily separated into six nearly
cqual valves. This shows that it cannot possibly belong to
cither Hicoria or Juglans, for which when still covered with
an exocarp it might be mistaken.

“Inits decorticated condition this capsule bears very strong
resemblance to specics of Cucumites detected in the Iondon
clay by Bowerbank, particularly the six valved form of his C.
variabiis. Tt is also similar to what Lesquereux has called
Apeibopsis, but, all things considered, it is probably best refer-
red to the former genus. In view of the fact that the Carya
globulosa was never actually published, it may be appropriate
to name 1t in honor of Lesquereux, who first detected it. It
may be called Cucumites Lesquereuxii.’” *

I cannot see any reason for separating this form from Ape/-
bopsis.  Either Lesquercux’s species of Apeibopsis should all
be placed in Cucumites or the latter, so far as Brandon fruits
are concerned, should be transferred to Crucumites.

It may be remarked that the above characterizations of
species have been made more brief than they would have been
had the duthor not belicved that the figures, all of which, as
stated above, are ifrom photographs taken directly from the
specimens, give a more accurate idea of the form and appear-
ance of the fossils than could be conveyed by any description
however full.

*Bulletin Torrey Bot. Club. Vol. 29, pp. 640, 641,

P — ¢ - o — g e F— | . _

FOSSILS

OF THE

BRANDON LIGNITE.
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HYDROLOGY.

A 'SUMMARY OF INVESTIGATIONS UPON THE DRINKING WATERS OF

VERMONT.

Early in 1go3 the State Survey was invited by the U. S,
Geological Survey to cooperate in a study of the underground
waters of the United States and the State Geologist was ap-
pointed Hydrologist for Vermont to act in some measure under
the direction and with the aid of the National Survey. In
accordance with the wishes of the Washington Office, an in-
vestigation of the town and village supplies of water used for
domestic purposes was undertaken in connection with a study
of the general geology of different parts of the State. This
work is as yet far from complete, but some report of progress
may be made at this time.

Although of necessity, because of the very limited time at the
disposal of the Geologist, the work has been far less extensive
and thorough than it should be, vet it is believed that some-
thing of interest and value has been gained and it is hoped that
further investigation may add to the importance of that which
is here presented.

In this work I have been very greatly assisted by the sug-
gestions of Mr. M, L. Fuller, Chief of the Eastern division of
the Department of Hydrology of the U. S. G. S. and by the
abundant supply of printed blanks and franked envelopes fur-
nished by the Department. The assistance rendered by the
Government has very materially diminished the cost ot the in-
vestigation to this State, and has made possible a much more
complete report than would otherwise have been practicable.

In passing, the Geologist would like to say that neither his con-

16
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Whatever one’s taste may in-

Vermont is of unusual® purity.
ble excuse on the score of

cline him to drink, there 15 DO possi

healthfulness for drinking anything but water in this State.

in WATER SuppPLY AND IRRIGATION PaPERS, 192, Contri-
butions lo the Hydrology of Easter . S. by M L. Fuller,
the results of the work done 1n this State, as in several other
blished. Ina somewhat different form and

eastern states, are pu
e work is concerned

with less detail s0 far as some parts of th
these results are given in the following pages:

Circulars supplied by the U. S. Geological Survey were sent
1o every post-ofﬁce in this State except those located in places
where it was possible to make personal examination.

In response to these circulars, returns have been received from
248 towns out of 232 in the State. In most instances several

e been obtained from the same

replies hav
several post offices are included 1n the limits 0

town, especia\ly where
f a single town as is

not infrequently the case.
All inhabitants of Vermont are familiar with the general topo-
d are well aware that the Green Mountains

form a watershed throughout the length of the State from which
Connecticut OF west into the Cham-
d their foot hills occupy sO
om for level ground and
e surface

graphy of its area an

streams flow east into the
plain valley. The mountains an

much of the State that there is little ro
By far the greater part of th
d hills and the inter-

eat extent the

it is comparatively rare.
of Vermont 18 occupied by mountains an
vening valleys. Necessarily, this controls to a 8F
character of the water supply both above ground and below it.

The mean annual rainfall 1s not large, 39 inches, the climate

is not such as to cause great evaporation and the soil in most

is such that it retains what moisture

parts of the State 1
As a result of these conditions, Vermont 18 prob-

receives.
f the United States and far

ably as well watered as any part 0

better than most.
Much of the surface 18 covered with glacial deposits which

are usually underlaid by hard and insoluble rocks. Springs

and streams of all sizes from the tiniest rivulet

to the fully de-
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veloped river ubound everywhere. Because of this abundance
of water sources and the ease with which they can be utilized,
the greater number of families are provided with some sort of
piped supply.

From the reports received, 1t appears that at least 65 towns
use water from some kind of public system. In some of these
the public supply is used by only a portion of the residents, but,

so far as can be ascertained, In a majority of towns the public
supply is that from which most of the families take water.
There are also towns, as Barre, Montpelier and others, which
have several, it may be a dozen, lines of pipes from as many
different springs or groups of springs. Montpelier, for in-
stance, has a public supply taken from Berlin Pond, and from
this undoubtedly the greater part of the water supply of the
city is taken, but in addition there are more than a dozen
private systems each furnishing water from various privately
owned springs to from two to fifty families. Barre has, be-
sides the city supply, at least five smaller supplies which fur-
nish from six to over two hundred families each. Few towns,
however, are so lavishly supplied as these, but there are many
that have several supplies which are more or less public.

There is at present no excuse which can be offered by any
town authorities if the public supply is not properly examined
chemically and biologically in order that its sanitary character
may be known, for in 1898 a State Laboratory was established
where samples of water may be examined without cost except
for transportation, and it is the wish of the Laboratory autho-
rities that the water of any supply which i1s used bv a number of
persons be analyzed four times yearly.

The sources from which water for domestic uses is obtamed
are as follows: Springs, Ordinary "Wells, Deep and Artcsian
Wells, Lakes or Ponds, Streams, Cisterns.

SPRINGS.

Springs are most abundant in the mountain towns, but are

found more or less commonly in all parts of the State. Of the

- B £ > x uIi
N sT.

REPO ' OF I E VER IONT 3 A C
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Many vary little from 45 o are £Yen
Ourdthe ye::r.the rochs of the State are largely crystalline
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Analyses of many © *#
‘ Nearly all of them, however, simply e
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o re are usually few or no
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MinNER 5 e numbe n
NERAL SPRINGS ¢ f
s are found, though not in large b
u r, 1
’

rent . } y
pd
dl“e e rts ()f the ate ll()b (()Ill]ll()lll Y 116 are more or

less sulphurous, but alkali
s uenur : aline carbonated springs als
Sptings Highrge:E)ertsSho‘T account of the watcgr jrlzoai)cilll’;'
Springs, 1 Spring,s tchon, Clarendon, Middletown andAB e
Newbury, W ad outh Hero, Chelsea, Concord, W lruns-
Eenia :/;1 elsewhere are all of some re utt ’ C'Ott’
L .1 anlchester 15 not mineral as if ofet.cn ‘rhe
posed. Tt s tﬁeydd very hn_e spring of pure water 5'Il‘lp-
ey o t}?ep wells is so strongly magnesiar.l S -
properly come under ¢ e class of mineral waters. As e
8 ers the following analyses rnay‘ bbeetxai\mples
¢ aken.

CLARENDON SPRING WATER

Chloride of Sodium .......... Grains per gallon.

2Uiphate 01{ Potash............ 0.1458
{lphateotLime,””_. T O S o 1
Bl.CarbonateofLime_“‘:“.“””“””””H”” 0.4054
Bicarbonate of Magnesia. . .. " oy 10.6578
C%llorldeofMagnesium..... Tt 201443
Bicarbonate of Iron.. 0.0630
silica. 00632
Al\lmma 0.6523

0.0467

MISSISQUOL SPRING WATER

F : . Contai :
ree Carbonic Acid....... tains in 1,000,000 parts.

SOdlumCh . Ch et e e e s
CalciumChlloorrliddee...._....‘................... co. 45.49
. cee.. 0.38
NlagneSIum S 2.12
Sodium Sulphate.. .. .. 0.60
Calclumsulphate 6.52
Aluminium Sulphate..,:'_'“'”""""'"'----n-.. 12.09
MagnesiumSulphate...._::_‘""-‘._..........‘.... 2.70
ieeeeee...  5.51
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SodiumPhosphatc................‘..........,..... 0.08
Sodium Bicarbonate 126.62
Magnesium Bicarbonate. . - I 72.19
Manganous Bicarbonate...................‘.... 1.40
Ferrous Bicarbonate........‘.....,....,........... 3.03
Silicic ACId e 12.25
CrenicandApocrenic;\cid.......;...‘....A......... Trace

Trace

Titanic »\cxd
ORDINARY WELLS.
¢ number of Vermont towns

As has been shown above, a larg
at any other source of

are so well supplied with pure springs th
water 1s quite superfluous, hence wells are not dug. 1 have
found many towns in which it was caid no well was used 1f

there were any to use.
1n some of our towns, there are few springs, OfF

those that exist are not conveniently located, and here wells

have been dug and are generally used. There 1s little difficulty

in finding water when a well is dug in most of the towns,

though there are a few exceptions to this statement.

Throughout the State, wells yielding sufficient water can be
dug in the drift which covers pearly the whole area of Vermont
and they need not be deep. For the most part the wells now
30 feet deep and only rarely does an ordinary
he drift, though many go to

The well water is generally reported to be hard and analysis
shows that 1n nearly all the cases well water contains a larger

quantity of solids than spring water. From the reports I
should judge that wells are much more pumerous in the

Champlain valley than elsewhere in the State.

Usually the wells are of ordinary size, but 1
1n Grand Isle, it has been found by experience better to dig
ough not very deep wells in order to obtain a sufficient
Some of theseare 12 to 16 feet 1n

however,

used are from 1010
well go into the rock underlying t

it.

n some places, aS

large th
and permanent supply.

diameter and about the sameé in depth.
More water 18 obtained in such wells than by digging &

smaller well deeper.
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DEEP AND ARTESIAN WELLS,

These are found almost exclusively in the western part of
Vermont.  As has becn stated, the water of ordinary shallow
wells is hard as compared with spring water, though it wouid
not be considered hard in many parts of the country, but when
we examine analyses of the water of the deep wells we find a

great increase in mineral content, The more common salts are

those of lime and magnesia, especially the latter.

The water of these deep wells is, as would be c¢xpected, very
cold and of nearly uniform temperature throughout the year.
On this account they are often used at creameries.

Water is not invariably reached by deep boring. The deep-
est well in the State, which is reported to have been bored
mainly for experimental purposes to a depth of 1400 feet, is
useless as a water supply, although only a very short distance
from the shore of Lake Champlain, Another well bored by the
Burlington Rendering Company only a few rods from the lake

found no water at a depth of 490 fect and water had to be

supplied from outside {or the drilling, as was also done in the
deeper well.

In all, reports have been received from about one hundred
deep wells, that 1s, those over 50 feet,

Only a few of these are
flowing wells,

In most cases the water is pumped or forced by
the Pohld air system, or some other means, from a greater or
less distance below the surlace.  There are, however, a few
wells that give a flow of from 4 to 18 feet above the top.

[n and about Burlington there are eighteen deep wells vary-
ing in depth from 130 to nearly 500 feet, At least five of thesc
supply water which is so strongly impregnated with lime and
magnesia salts that it cannot well be used for steam as the pre-
cipitation of the mineral matter soon fills the pipes to a danger-
ous extent.

The water is clear, cold at all seasons, and is much liked by

muny tor drinking. By some it is found beneficial in dyspeptic
conditions. X\ well of this sort is used at the Van Ness House

P —
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5 This well is
d the water 1s very satisfactory to the guests.
an

i 1 - for half a
1 nalysis will serve
deep and the following a _ .
S e pre located in the western part of the c1t¥
o Parts per 100,000.

... 2400
Sohds e
Loss On 1gRITIOM .« v e e e e 2
Fixed solids .. oo oovevmsemmtts .
Free ammonia. ... co-xt-r 0037
Albuminoid ammOnIa . .« ceoxcer st o
hlomne - od Nitrat .000
Nitrites and Nitrates......-.-- o
Hardness

i -t of . gurface. At
Water rises in this well to v'vithm 4{;2 {ufrth(:l:lglﬂ:uof RO
1 ; ell. 3

the s e tt}}:etl;;:lgs:llgfglj;ke Champlain and the V\d:;i
is 8 feet abovz z the top of the well, 1. €., ‘12 feeot abow'e o
rises 4 feeta i‘ Its uniform temperature 18 .42 f.ddéom_
fevel of the 12 lel' s in 24 hours. At the Venetian Bilin o
Bon Vil g}fl 21?15 another flowing well 138 fget deepl,1 o
Pan')ﬂs i "t —er ises 18 feet above the mouth of ther “'éh. ,-1;]0,
e o Allan ear Burlington, there are four well)_s ac; : t;
Fort ithan AES 75, 496 feet respectively. The Pohl T\
depehs oL ??/‘j,thc water, as In none of the fou1.r does t u;
e ralse‘ {ace than too feet. In boring tbest-,
R g ant from ecach othet, substantially
' d;i:in through. The following taken

pass

first bored will suffice for all.

system
water come 1t ‘
wells, which are not ta
the same strata were
from the record of the

... .... 7ofeet
Sand, at first fine, then COArse . .« -« o " >t
‘ feet
oy cand. PP
and sand. . .ooee s o e
?3112111)«; clayey sand, water constantly in the pipe @p .
Ioofeet 27{ y
Pure, blue clay. ...-ocoom s -
wicksand. .o oooees e e R
c‘§zeams of soft rock changing to limestone
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White limestone. . .............

ce i 30 feet
Fissures in limestone giving mud, large pebbles and
sand ... e 10 ¢
Solid limestone............. ... . i o, 2g e
Gravel, water worn pebbles........................ 10
Clay stained by iron oxide......................... T
Coarse gravel and black sand with water worn pebbles
mostly too large to come up in the sand pump.. ... 19 ¢
375 feet

In boring most of the deep wells in the neighborhood of
Burlington the first few or many feet, differing in each case,
was through glacial drift and the rest through Cambrian sand-
rock or limestone. The thickness of the drift is very variable.
In one case it is zo feet, in another 200. Elsewhere deep wells,
as that at North Hero, have been bored in Utica shale and
there may be others in different formations. So far as I can
judge from the returns received most of the deep wells in the
State are in Cambrian rock. In the slate region of western
Vermont, which is all Cambrian, Mr. J. P. Hoadley, who has
probably bored more deep wells than anyone else in the State,
tells me deep wells are very numerous.

In Poultney alone he
has bored over fifty.

LAKES AND PONDS,

Naturally many who live near Lake Champlain take water
from it, pumping it usually by wind mills. The city of Bur-
lington takes its supply entirely from this source, pumping the
water by steam power to two large reservoirs 400 feet above

the Lake from which it is distributed. Montpelier, as has been

noticed, has numerous supplies, but the main source is Berlin
Pond. Brandon and a few other towns are supplied from ponds,
but this source is not common in Vermont. The water of Lake
Champlain, average of several analyses, is as follows:

Parts in 100,000.
Total solids......ov it e 7-41

Loss onignition........................ 1.80

TPORT THE VER 10ON'T s AT E (11*1()140(‘115 .
OF 4 N N 1
RET T

Fixed s011d>
Free ammoma..........l.....
Albuminoidammoma.u........”H“H”””.”
Chlorine...................,..

Sediment very slight.

Turbidity very slight. L
Hardness . c.o- oo
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The State Cabinet.

]?uring‘ the past two years the cases ¢
meg;ocri})ymbeetf(r)(r)grln‘ have been entirely reailr]:lln;zlll.%tlons e
C. Primey Orde:iz 'death the late Seargent-at-Arms, Mr. T
or needeé o ai:. 'clI‘IQ\V .ﬂoor of red and white marble 'anci
other needed « lIl)sedsfmdudmg ic painting and decorating of
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These include nearly all the species

the Mammals and Birds.
live in the State or to pass through it

that haveljbeen known to
in migration, during the last fifty years.

Of the Mammals (Quadrupeds) there are about fifty speci-
h represent all the more common species and such
the Bear, Otter, Beaver, Catamount, both
Red Fox and the Cross, Silver and Black
Seal (killed on the ice of Lake Champlain),
etc. In addition there is the fine head of 2 Moose killed a few
years ago in Wheelock and from the west, there are heads of the
Bighorn, Blacktailed Deer, Antelope and Elk, gifts of Dr. W.
S. Webb. There are four hundred and fifty specimens of
Birds including a number of species extremely rare in this State.
Nearly all of these mammals and birds are Very good specimens

mens whic
uncommon ones as
species of Lynx,
varieties, Harbor

,

and well set up.
In the north room the collections are of nece

In the corner on the right as one enters, is a case containing
about a thousand specimens representing nearly three hundred
and fifty species of birds eggs. Next is a similar case contain-
ing the more recent fossils, including a set of the Brandon lignite
fruits described in this report. Beyond this 1s the case contain-
ing, perhaps, the greatest treasure of the Cabinet, a nearly com-
plete ckeleton of a fossil whale, or rather dolphin. This is thir-
teen feet long and the bones are in excellent preservation. It
was found in Charlotte in a railroad cut in 1849, and is the only
nearly entire skeleton of this animal ever found. Near it are
two large elephant’s tusks. One found in Brattleboro is four feet
long, both ends being lacking: the other, found at Mt. Holly,

is nearly six feet long. Though few, the fragments of tusks

that have been found in Vermont in the later geological beds,
ly that in those ancient times these animals

ssity more diverse.

prove conclusive
roamed over our hills and through our forests.

The whale is the sole survivor of a time when W
Lake Champlain was an arm of the then great St. Lawrence

gulf.
On the North side of this room are sev

hat 1s now

eral cases filled with fos-
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sils from the older geological formations of the State and it is ex-
pected that this series will be increased from year to year as the
survey of the State progresses. The minerals and ores of this,
and to some extent other regions, are represented by about a
thousand specimens in cases on the North side of the room.

Running through the middle of this room are cases, one of
which contains a small, but very excellent collection of corals
and the other a fine series of tropical butterflies, showing most
of the more brilliant and interesting species. There are some
three hundred of these all mounted on Denton tablets. There
are also in drawers about the same number of New England
butterflies and several hundred insects of other orders.

South of these 1s a case arranged to show in epitome the
groups ot the animal kingdom, typical forms having been
selected for the purpose. A careful study of this case will be
well worth while to those interested in nature study. Several
beautifully made papier mache models of some of the larger
fishes, Dog fish, Mascalonge, Sturgeon, and Eel supplement
this synoptical case.

In another case there 1s a very complete series of the build-
ing and ornamental stones of Vermont, Marbles, Granite, Slate,
Soapstone, etc. Over fifty of these are in the form of ecight
inch cubes, the several faces being differently dressed. Be-
sides these larger specimens, there are over a hundred smaller
so that, while all the quarries now worked are not represented,
most are, and anyone wishing to see what Vermont produces
from its quarries can form a very good estimate from this col-
lection. There 1s also a collection of Indian relics, some of
them very fine and unique, a series of about a hundred crania
of mammals and birds, an alcoholic collection of Reptiles and
Batrachians and some other minor collections.

Near the case containing the fossil whale are several frames
filled with photomicrographs of snow flakes, a hundred and
fifty in all, taken by Mr. W. E. Bently, Nashville, Vt., directly

from the objects. These are of great value as they show more

e - o
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