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"OFFICE. OF THE STATE GEOLOGIST
BURLINGTON
To the Conservation Board,
Department of Natural Resources,
Montpelier, Vermont,

Gentlemen: 1 present herewith my biennial report, as state geologist, for
1946-1947. Like many other efforts the report is late in publication due to
uncontrollable conditions.

The State Geological Survey was begun somewhat over a century ago.
It has seemed fitting therefore to write a history of the survey and its accom-
plishments. In this story one can trace something of the progress of geologic
thought, from the credulous acceptance of dogmatic explanations of phenom-
ena to scientific interpretations.

The carefully prepared index which follows the history will enable the stu-
dent quickly to find references to the subjects which he seeks.

In the following paper Professor James E. Maynard, of Syracuse Uni-
versity, contributes a very important technical study of the granites of Derby,
Vermont.

The mineral industries of the state reached new levels of production during
the war years, with a total output exceeding $20,000,000. These industries
are considered in the fourth paper of this report.

Following the increased appropriations by the 1945 legislature, the geolo-
gist planned the beginning of a detailed geologic examination of the state, be-
ginning with the most northerly tier of topographic quadrangles, in order to
take advantage of the known Quebec formations which extend into Vermont.

Professor Charles G. Doll, of the University of Vermont department of
geology, has finished his work on the Memphremagog quadrangle, and mapped
it, but the pressure of his teaching duties has prevented the completion of his
paper in time for this report.

During the 1946 field season Professor Doll and Professor Verne H.
Booth of Brooklyn College, ncarly completed the Jay Peak quadrangle. It is
expected that the papers on the Memphremagog and Jay Peak quadrangles
will be ready for the 1947-1948 report.

The considerable correspondence, interviews, laboratory and field exami-
nations have been attended to; visits to the mineral companies have heen made.

Respectfully submitted,
Everince C. Jacons,

Fleming Museum. State Geologist.

University of Vermont,
December, 1946.
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The Vermont Geological Survey
1844-1946

EvsripGe C. Jacoss

Following the war of 1812 the United States entered upon a period of
external peace and increasing prosperity. Her population and wealth were
growing, new states were added to the Union, the balance of trade was slowly
turning in favor of the young republic, and the national debt was nearly paid.
Channing, in his History of the United States, states that: “The energy of the
American people was absorbed by an amazing internal expansion.”

In the North the Champlain-Hudson Canal, completed in 1823, opened up
the great valley between the Green and Adirondack mountains to traffic in
lumber, iron ore, and other commodities; while the Erie Canal, opened in
1825, provided cheap transportation between the seaboard and the interior of
the continent. In the South, the National Road (also called the National
Pike) had been projected as early as 1802 and was slowly making its way
across the Alleghanies with the Mississippi River, which it never quite
reached, as its ultimate objective. Before the coming of the railroads, the
Pike afforded the chief means of transportation between the Chesapeake re-
gion and the interior plains.

Railroads were built, the screw propeller revolutionized steam propulsion,
reaping machines slowly replaced manual labor in the fields, and many other
inventions were developed.

Naturally all these activities called for iron and other metals, as well as for
non-metallic substances, from the great storehouse of nature. It [ollowed, of
course, that the several states should take steps to find out what mineral riches
lay within their borders and about the geology which contained them; there-
fore geological surveys were gradually established.

Geology was gradually, very gradually, outgrowing the grotesque theories
that had so long hampered it. Its development was greatly aided by the estab-
lishment of scientific societies. The Royal Society of London, dating back to
1662, served the American colonies down to the Revolution. In the new world
The Boston Philosophical Society was founded by Increase Mather in 1683;
The American Philosophical Society by Benjamin Franklin in 1743; The
American Academy of Arts and Sciences in Boston in 1780; The American
Mineralogical Society in 1798 ; The American Journal of Science by Benjamin
Silliman in 1802; and many others. In regard to Silliman (1779-1864),
Merrill® states that “‘he did more to advance the science of geology than any
other man of his day.”

19241 Merrill, George P., The First Hundred Years of American Geology: Yale University Press,
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Of the. early geologists Parker Cleveland had written his Treatise on

mineralogy and geology in 1816. Amos Eaton h
. ad surveyed Renssel
County, N. Y., and the route of the Erie Canal; further he l};ad writter? zlllei:

Indexr of the geology of the northern stat
. es and had traveled many thousand-
miles on foot through New York and New England delivering shf),rt cous;lsr;s :

of lectures in many towns, to the students of Willi

; . s illiams College, and before th
New York legislature—lectures which Merrill states resulted in the e:tab?
lishment of the New York geological survey in 1836.

Among other contributions were those of William Maclure: Observations

on the Geology of the United States (1909) ; Benjami i 1
_ f ; jamin De Witt on the Origi
of the Drift; William Bertram on his Travels in North America; Cou(:lt C”.g;n

Volney’s work on the Geology and Physiography of the United States; J. F. ‘

and S. L. Davis’ Geology and Mineralogy of Boston; S. L. Mi ’

vations on the Geolqu of North Amefijcla;fEdwardJ Hitc};cl(:gllf’cshzgzilyo Igz)’-
logical Papers;.Major S. H. Long’s Expedition to the Rocky Mountains;
Long a:nd Keating’s Survey of the Great Lakes Region; H. H. Ha den’;
Geolog_tcal Essays; Ebenezer Emmons’ Manual of Mineralogy a,n;i GZZlO ;
andI]‘EhSha Mitchell’s work in North Carolina. .
. ouis Agassiz had published his Etudes sur les Glaciers in 1

ing to America in 1846, had continued his studies in the Lake&g?x;:g;):o:;-

gion, and done much to increase interest in glaci i
aciology. Geol -
.dently on the march. ¢ i oeey W e

STATE GEOLOGICAL SURVEYS

North Carolina was the first state in the Union to provide a logical
survey, in 1823, and she was foll ina i *Both o
these undertakings were short—live(ziv.ved by South Carolina i 1824, Both of

Massachusetts established her survey in 1830; she was the first state to
complete: a survey. Her state geologist, Edward Hitchcock, published his
reports in 18303 1833, and 1841. This work was followed in’ New England
by the Connecticut survey under J. G. Percival in 1835; the Maine survey
undf}r C. T. Jackson in 1836; the New Hampshire survey, under C. T ]ack-’
son in 1839 and under C. H. Hitchcock in 1868 ; the Rhode, Island stjrvé also
undIer ]ack.son, in 1839; and the Vermont survey in 1844, ”

n contiguous regions New York provided for her survey i
Canadian survey, under Sir William ]':pZ Logan, was inauguztleré 13316822(1 t,};i

present all the states except Delaware and Utah ha i
: | ve geol y
their equivalents. geological surveys or

THE VERMONT SURVEY

.Agltatlon for a geological survey goes back to October, 1836, when the
following resolu?ion was adopted by the legislature: “Resolved thz;t the com-
mittee on education be instructed to enquire into the expedience of providing
for a general and critical geological and topographical survey of the State and
to report by bill or otherwise.” Acting on this the senate in the same year

$10,800 for the geological survey.

" measure was deemed advisable.
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“Resolved that the Governor be requested to procure an estimate of the prob-
able expense of a geological and topographical survey and report to the next
Generaly Assembly.” In response Governor S. H. Jennison sent to the As-
sembly in 1837 a message in which the project was fully discussed and an
estimate presented of the probable cost: $12,500 for the topographical and
The time was evidently not ripe for such
an expenditure and the bill for the creation of a survey was laid on the table.
Further debate on the bill took place in the 1839 session in which the bear-
ing of a survey on the agricultural and manufacturing interests was stressed,
but the financial condition of the treasury was such that postponement of the
In the 1840 session the bill again appeared.
It was read twice, tabled, taken from the table and referred to the committee
on agriculture—and once more tabled.

Finally a bill (No. 12 of the Acts of 1844) entitled an act to provide for
the geological survey of the state was passed by the legislature and became
law. For implementing the act the sum of $2,000 annually for the term of
three years was appropriated. It provided as follows:

«Sec. 1. The Governor is hereby authorized and directed to appoint a
state geologist, who shall have a competent knowledge of scientific and practi-
cal geology and mineralogy, and shall be subject to the orders of the Governor
for the time being, and removable at his pleasure.

“Sec. 2. The state geologist, with the approbation of the Governor, shall,
from time to time, appoint all proper and necessary assistants, fix their com-
pensations, direct them in their labors and remove them and appoint others
whenever it shall be found necessary or expedient.

“Sec. 3. It shall be the duty of the state geologist, as soon as practicable,
to commence and prosecute a thorough geological and mineralogical survey
of the state, embracing therein a full and scientific examination and description
of its rocks, soils, metals, and minerals; make careful and complete assays
and analyses of the same, and annually, on or before the first day of October,
to report to the Governor the progress of the work, the most efficient and
economical manner of conducting it, and an estimate of the expense for the
ensuing year.

“Sec. 4. For the purpose of carrying into effect the provisions of this act,
the sum of two thousand dollars, annually, for the term of three years, is
hereby appropriated.

«Sec. 5. All claims under the provisions of this act, shall be presented to
the auditor of accounts, for allowance, who shall draw orders on the treasurer
of the state for the amount he shall find due, equal to, but not exceeding in
any year, the annual appropriation. Approved, October 28, 1844.7

Professor Charles Baker Adams was appointed by Governor William
Slade as state geologist. He selected as his head assistant Zadock Thompson
of Burlington; Denison Olmsted, Jr. and T. Sterry Hunt had charge of
mineralogy and chemistry, while Rev. S. R. Hall had the agricultural part of

the survey.
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It may be noted that the legislative enactment was largely economic in its

e lay hidden in “them thar
of geology—if indeed the
It seems to have been thought that

of the work—and a hundred years

provisions: the state wanted to know what of valu
hills” and was not interested in the other branches
solons knew anything about such matters.
three years and $6,000 could see the end
later we see no end in sight !

CHARLES BAKER ADAMS

Charles Baker Adams,! a scion of a famous Boston family, was born in
Dorchester, ]anugry 11, 1814. He was educated at Phillips Andover Acad-
emy, at Yale UnlYersity, and at Amherst College where he graduated in the
class of 1834. Like so many other geologically-interested men, he studied
theology for a while. After this he was a tutor at Amherst undér President
Fhe Rev. Edward Hitchcock and in 1838 occupied the roomy chair of chem-
1stry and natural science at Middlebury College. During this incumbency he
became state geologist of Vermont. G

As state geologist Professor Adams produced four reports of a rather
fragmentary nature: the first, a pamphlet of 92 pages in 1845 ; the second,

1 A very beautiful appreciation of Prof i
College, is to be found in the 4th Rtl))t. o?ot;iso{’té%;:gi' giolf"rﬁg%s;).rw%[“e;ry M. Do ol A

—t

el
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a much more ambitious work of 267 pages, in 1846 ; the third, a small pamph-
let of 32 pages in 1847 ; and the fourth, a small pamphlet of eight pages which
proved to be his last, for in 1848 the legislature failed to continue the geologi-
cal appropriation—probably because those legislators who had backed the
original bill had given way to members who had no interest in geology.
Professor Adams accepted a professorship at his alma mater in 1847 and

_turned his scientific interests to zoology, especially the Mollusca in which

he had long been interested. He died of yellow fever in 1853 in St. Thomas,

“W. 1., while on a collecting trip.

A final report of his Vermont studies was to have been written by him
and might have been prepared by others from his accumulated notes had not
these notes been written in a “‘peculiar shorthand which could be read by no
one but himself.”

Only a few of Adams’ reports are extant and in these the third and fourth
have been incorporated in the second. The resulting two volumes may be
found at the state library in Montpelier and perhaps in some of the New Eng-
land universities and colleges.

ADAMS’ REPORTS

Professor Adams gives the number of minerals in the earth’s crust as
434, of which he describes the nine most common. (We now know about a
thousand species.) Rocks he divides into stratified and unstratified, the lat-
ter including lavas and granite, which are “of igneous origin erupted from
beneath the stratified.” He describes serpentine as “‘an aqueous rock altered
by fusion.” Then he notes that most Vermont rocks are “of that intermediate
character which has ever been most perplexing to geologist.” These, of
course, make up a third class of rocks, the metamorphics about which he has
nothing further to say. (Serpentine belongs in this class.) But his assistant,
Mr. Hall, in his agricultural work east of the Green Mountains frequently
alludes to the metamorphics.

At this time the production of cast iron and some wrought iron was the
leading mineral industry in Vermont and there was a considerable number
of small stone furnaces in the state. Among them were the Tyson furnace
in Plymouth obtaining its ore from nearby beds ; the Granger furnace in Pitts-
ford supplied with ore from the Mitchell bed of Chittenden (the remains of
this furnace are still standing) ; the Conant furnace in Brandon fed from
local deposits ; and the Blake and Hammond furnace in Forestdale, the source
of whose ore is not known. This stack is the best preserved of all the fur-
naces in the state and is well worth a visit.!

It may be noted here that the ore bed at Monkton was a large source of
iron ore in colonial days.

There were two iron furnaces in East Bennington; their ruins are still
standing. The ore was obtained from shallow deposits along the Walloomsac
River.

1 A picture of it is shown in the 24th Rpt. of the State Geol. (1943-1944).
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In Troy, Orleans County, titaniferous magnetite had been discovered in
the serpentine range east of the Missisquoi River. In 1814, 600 tons of pig

and castings was produced by a blast furnace there. Titaniferous magnetite
is a difficult ore to smelt, especially with the cold blasts which were used in
those ancient furnaces; this was probably the reason for the short life of the
enterprise. There are said to have been iron furnaces in St. Johnsbury and
at East Middlebury. All told there were in the state in 1810 eight blast fur-
naces and 25 forges, the output of which amounted to $235,640.

The ore used by most of these furnaces was limonite (brown iron ore,
bog ore), hematite and some magnetite, which seem to have occurred in thinly
bedded deposits, often associated with manganese minerals.

These ore deposits are briefly described by Adams, while Denison Olm-
sted made the analyses in Professor Silliman’s laboratory at Yale College.
After Mr. Olmsted’s death, Mr. T. Sterry Hunt (1826-1892), who was much
in evidence in the geology and chemistry of the time, became chemist to the
survey.

The copper pyrite (chalcopyrite) deposits of South Strafford and Corinth
are rather briefly mentioned—the copper pyrite is stated to be “dispersed”
in iron pyrite instead of in pyrrhotite. No mention is made of the most
famous of the copper deposits, those at Vershire, where the Ely mine was in
operation as early as 1821. On the other hand the Strafford deposit 1s stated
by Adams to “have no equal in the world”—a very hazardous statement to
make,

It may be added that the pyrrhotite (not the pyrite) of South Strafford
came from an open cut and was mined as early as 1793 for the manufacture
of copperas, which is a hydrous ferrous sulphate containing no copper, as the
word would imply. This was shipped by team to Boston and Whitehall to be
used as a disinfectant. The importance of copper in the deposit and the de-
velopment of a copper mine came in 1830 but Adams makes no mention of
them.

Various small deposits of lead and zinc are recorded ; they have neverl
had any commercial significance. -

Among non-metallic minerals the kaolin deposits of Fast Bennington are
. very briefly treated. Fire bricks were made from this clay by first firing it

and pulverizing the resulting sinter, and then mixing this with fresh clay and
firing the mixture. No real fireclay, as far as is known, occurs in the state.
Practically no mention is mdde of the Bennington pottery works, conducted
by Norton and Fenton, works which endured for a hundred years from ahout
1793. - :

Serpentine deposits are noted in Coventry, Lowell, Westfield, Troy and
Jay but no mention is made of the verd antique of Roxbury although this
ornamental stone was famous from Egyptian times ; this variety of serpentine
is found in many places in Vermont.

In Kelleyvale, “a word which was changed to the less poetic name of
Lowell,” the serpentine was found to be covered with a coating of delicate

'y
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amianthus (the finelyafibrous form of asb§stos). This was prol?ably .the tf)irst
indication of asbestos, deposits of which, dlscover(_ed on Mt. B_elv1dere in abou
1900, were to give Vermont first place in the United States in the production
is strategic mineral. .
o t‘l‘uSSo:Sitpstor%e” deposits are noted in many places, north to south, in the Glreen
Mountain area, throughout the state. These are for the most part talc, a
mineral which seems to be unknown to.Adams, altbough almost all grea}sy:C
feeling rocks were called talcose-slates or talcpse-sch1§ts. ‘ There werc:E at t ‘;at
time several deposits of soapstonez1 (steatite) in Perkinsville and Grafton bu
now practically exhausted. .
theyVill.'; br‘iprméntionyis made of the roofing slates of Fair Haven b}lllt nf)th-
ing is said of the other slate deposits ; perhaps they were unk'nown at that 1t1me;i

Limestone deposits and marl and muck beds are _descrlbed and ana yzet:)
but the great occurrences of limestone in the Champlain Valley were yet to be
dlsc;\(’)irii'ilding stones, marble is defined as “any limestone that will 'take a
good polish” (really it is metamorphosed llmes.tone). Marble deposits at}‘le
described in considerable detail from Rutland, Pittsford, Brandon, PlymOLIlt1 R
Sudbury, Middlebury, and Isle La Motte. The Rutland, Brandon, and Isle
La Motte stones were chemically analyzed by Olmsteq. ‘

Scant attention-is paid to granite which “forms a line qf eruptions ‘Extend-
ing from Lake Memphremagog to Dummerston” and which Adams “is con-
vinced has great value as a building st_one.” He notes“that E§sex Cotlinty is
practically all granite and gneiss. Gneiss he deﬁne§ as “a stratified rock com-
posed of quartz, feldspar, and mica.” (Of course it is a metamorphlc.)M

Hall’s work on agricultural geology of the region east of the Green Moun-
tains includes a collection of 60 soils, properly apportioned over the area cov-
ered, as well as descriptions of the character of the subsoils and underlynﬁg
rocks, the marl and muck beds, crops prod.uced, and the. general topogr.apuy
and geography. The soils of 84 townshlps are exammgd. and che'mlca 1y
analyzed and suggestions given for increasing their Product1v1ty. He is mfum
interested in the high fertilizer value of gmmal urine and c‘leplores thedact
that it is allowed to go to waste. This section of thg reports is Vf:r‘y well done
and must have been of much value to the farr.ners—lif they reafd it! _—

In his second report Adams finds it expedlgnt to instruct his readers in the
elements of geology—not the scientist but primarily those at WhOS?D expense
the survey is conducted.” Accordingly he devot.es 82 pages to.th.e su J?ctE, go-
ing extensively into the matter of volcanoes, with vivid df:scrlpnons of Etna,
Vesuvius, the Hawaiian Islands and even Tombgro and its most destrtlmtl\{e'
recorded eruptions of 1815. Earthquakes are to him (and to his tlrpes)7 scsosei y
associated with volcanoes. He notes the great temblgr at L;sbon in 1755, ‘t]i
West Indian ’quakes, and those on the coast of Chile. He seems to accep
the ancient conception of volcanic “fires” anfi of an earth \‘Nho'se interior 115 in

a state of fusion, within a crust 35 or 40 rfnles thick (which is abgut rig _1t).
The heavings of this molten interior, occasioned by steam or chemical action,
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g:it;zs }?:;tgqg?}lfzts tv}\:iule Volca.n(})fs agt as safety valves. Another of his
re are within the earth immense reservoi f1
and subterranean channels, whose action is t tos and earth.
quakes—\jvh‘ich in a way suggests Idding’s pe}zli:oz(;g}r)cflic(ﬁ gig&:ﬁz and carth
All this is interesting, though smacking more of the middle a 'th 1
andIls El'rgely erroneous ; it is hardly germane to Vermont geologgyeS n 180
o thr; e;srtf}ilrs: zzi)c‘);; izckhda;\r/lnesr:;isiz. ;;sfoo‘fiéut OIfI andideal section ef the crust
: , whi 1s “One Hundred Years” d
an illustration of the “rough method of pic i i pich the corly
wfor‘}(er's had”to content themselves,” Thepsetcliir(fnngilgilg awrlrtlf)lu‘rllvth::icn}:);?er ea}'ly
gy gfer;nsgzhoﬁ?hds 3?12020{2 rocl(;sdl.zuch disturbed and broken, and intreugézg
ranite and dikes of porpliyry. The sea is ne h
and ﬁssures are shown by which its waters gain admission to tt e i
causing a coastal volcano. The remarkable feature is th(:?til t;l) t]i o 'belo"N
underlain by lava. The obvious question as to why th rould ot Tve
foundered in the lava apparently did not occur to };h : Crl:St e i e
There follows a discussion of other geological a ncits, a ot s dla_gram-
the animal kingdom including man, all of whose ren;ng' 2t avc ot setmmt
to the “drift” (glacial accumulatig)n “i el SUbsequ?nt
tures which assumes a period of abso)u’t é%circ;;(iznfcgrv‘;g: ﬂ;:t SaC}'ed ce of
man and thfe animals associated with him.” He also considgrs tﬁxx?tenccel o
tion of species, their duration and extinction in the light of the the existing
theorles: (Darwin’s works did not appear till the 1850’s.) o exisne
: Ir} h}s observgtlons on w')vhat we now call s.tratigraphy (which means the
“gscrlptlon, o'rder, and relative position of stratified rocks), Adams notes that :
The convglsmns of ancient times, which many geologists I;elieve to }(1) v E)at.
far more violent than those which have occurred during periods of huzVe }i:'en
tory, have more or less tilted up the layers of the stratified rocks, so ‘cllaut1 f o
of them now lie in their original positions. They are more or less,in li lad o
are often nearly or quite perpendicular.” The believers in convulsignlrle £ e
ture were numerous and their doctrine held for centuries; the camseot nl?—
known as catastr(?phists. Their opponents, beginning with’Sir }(,Zharles I_O‘ lel
(1797-1875.) , maintained that there was no reason to suppose that “th )(,:le
igtrﬁz so;ez.rcltlv%‘gl. ofh geological agents has ever seriously differed from ivhz;
cen within human experience” ; these were called uniformatari
they ultimately prevailed. Adams spet,lt much time i rations o e
E:o(lioglcal bgu:;fiarciles of many formations in the staten att};(:(l3 r?i:psltolruztgzsng;uﬂe
ed many inclined strata but seems to be careful not to it hi )
the “convulsion” theory. His stratigraphy w o e
ored geological map of the state but%t If)ro}l;ab?; rtlzv}:;\f;pzeezzefihown on @ ook

HISTORY OF THE EARTH

) Unde: ?:his ambitiou.s title Professor Adams briefly sketches the different
systems” in the geological history of the earth. He presents the New York

\

ﬁ'"{'
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system which Ebenezer Emmons introduced into the New York survey about

1840 it is shown in the following diagram.

TABULAR VIEW

Divisions Formations

( Chemung Group ]
Portage Group

Genesee Slate

Tully Limestone

Hamilton Group

Marcellus Slate

Order Group Found in

Erie Division

Upper Silurian

{ Corniferous Limestone
Onondaga Limestone
Schoharie Grit

Western States

f

)

New York
Great Britain

Cauda Galli Grit

Oriskany Sandstone

Upper Pentamerous Limestone
Encrinal Limestone

Delthyris Shaly Limestone
Pentamerous Limestone
Water Lime Group

Onondaga Salt Group

Helderberg Series

Older Paleozoic

Niagara Group
Clinton Group
Medina Sandstone

Oneida Conglomerate J

New York System

Ontario Division

Red Sandrock*
Hudson River Group
Utica Slate
Trenton Limestone
Isle La Motte Marble
Birdseye Limestone
Calciferous Sandrock
Potsdam Sandstone

* Really belongs here.

Vermont

Champlain Division
New York

Lower Silurian
(Ordovician)

Pre-Cambrian

In modern usage we should substitute Geologic Time Table for
View,” era for “Order,” and period for “Group.”

The “Lower Silurian” was renamed the Ordovician by Lapworth in 1879
the “Upper Silurian,” or Silurian proper, was later divided into lower, mid-
dle, and upper members. The “Champlain Division” is of immediate impor-
tance to Vermont geologists. Init the Red Sandrock (Adams’ coinage) is seen
at the top and remained there for many years, to the confusion of geologists.
The Potsdam sandstone is seen at the bottom of the Lower Silurian (Ordovi-
cian). It was found resting upon the crystallines (Pre-Cambrian) in Essex
County, N. Y., and was supposed for many years to be the lowest of all fossili-
ferous rocks. Ebenezer Emmons was quite right in showing that there were
fossiliferous rocks older than the Potsdam, but wholly wrong in claiming an
independent Taconic System. (See below.)

When Sedgwick’s Cambrian System (1835) was introduced into Ameri-
can geology and divided into lower, middle, and upper members it was found

“Tabular
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that the Red sandrock (now divided into Monkton quartzite, the Winooski
dolomite, and the Mallett dolomite) lay at the base of the Lower Cambrian,
and the Potsdam sandstone at the base of the Upper Cambrian.

Adams shows a section of Snake Mountain, Weybridge, in which the
Red sandrock lies apparently conformably on the Hudson River shales; and so
he places it at the top of the Champlain Division. But it really lies upon the
shales through thrust faulting, a phenomenon unknown at that time. Pro-
fessor Adams appreciates that the Champlain rocks have been disturbed and
“appear for the most part to have been uplifted on one side of a fracture”;
but it remained for Sir William Logan to show that Adams’ disturbance was
due to the Great Fault, which we know as the Champlain thrust. This extends
along the St. Lawrence River from Gaspé to Quebec and then, turning south-
ward, runs along or near the Vermont shore of Lake Champlain, crossing the
upper part of Snake Mountain—a great thrust block in which the Lower Cam-
brian red sandrock has been carried over the “Lower Silurian” (Ordovician)
shales.

Edward Hitchcock was to make the same mistake in h
(see p. 28).

Adams briefly discusses the Taconic System, proposed by Emmons in 1842,
a system which gave rise to the Taconic question and which raged for half
a century. He remarks that some geologists regard it as only a part of the
New York System, while others believe it to be a distinct and older system.
Adams’ own opinion is reserved for his final report—which never appeared.

Professor Adams gives some attention to the Primary Strata (not shown
in the “Tabular View”) which lie below the oldest fossiliferous rocks. They
are gneiss, “mica slate” (probably mica-schist), and limestones which have
been intensely heated (metamorphosed) and much disturbed from their origi-

nal position. The history of these rocks in “enveloped in obscurity and all

sources of knowledge fail the geologists whose lot is cast in such a region;
such is most of Vermont.”

Sir William Logan’s work on the Pre-Cambrian of Cana
till 1863.

is Georgia section

da did not appear

THE DRIFT PERIOD (OUR PLEISTOCENE)

That the drift or glacial deposits loomed large in the minds of geologists
of that time is shown by the attention that Adams gives it. He knows that this
drift covers North America to about the fortieth parallel of latitude and that
drift deposits are found in northern Europe as well as in the Falkland Islands
and in Patagonia. Then he adds curiously enough, that “it appears to be want-
ing within the tropics”—as though he thinks that it might occur there.

He gives the material of the drift as sand, gravel, hardpan, pebbles and
boulders. He knows that enormous boulders (erratics we call them), some- -
times weighing many tons, have been carried up steep “acclivities” and always
towards the south. Scratches (striae in modern parlance), and furrows, some
a foot wide and two inches deep, are found on mountain tops, Jay Peak among

1A
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e . . st
them—on this mountain he found scratches within e(light lx_nflhzs O’f[‘ ;llée dﬁt;;rgg Or;

1 ' nded and polished.

ing N. 40° E. Rock surfaces are rou ction
:)rfeftl}(lie §rift movement is generally from qorthwest to southeait.. I\r,lall\/:rs ot
the greatest accumulation of the drift is in the narrow. mountain valley

tains. )
lower parts of the Green Moun : ) ‘ ..

OvefI‘toh(:a.ccount 1;01' the drift he presents various theories current at tté:ntlg)l :
The Iceberg Theory which called for the submergence of tt,x,e m(;)\iﬁe in 1€ rll)g
beneath a universal ocean, “not long before the drift agency” an

1 j 1 i 1 ocean
* southward of the drift material by icebergs—but just where in a universa

the bergs picked up their loads of drif‘t is not suggeste(fli——;hgr sco?rll'mif T;l(ei
triating of rock surfaces by rock-shod icebergs, and the fina y ‘Ef)tpdgso the
il ift m%lterial when the bergs melted. But vyhy these bergs bré et s
1'1 ly in one direction that the resulting striae were often, bu nlo X aS,
Smntlyl i t considered. He notes almost immediately that the climate w o
pal? ; eazst}rll;)t time (although in another place he ﬁn(%s no evxdenc]; of1 1t)d azl_
ilt')lateglaciers must have descended from the mountains of New England,
those thel'e'WaS ;gx:;]sls-atlhsel(l)]z;n:ie%iesed on a cold climate at the beginning oé

Th'e Glac'lo(-ia(}‘whereby ” quoting “Hk,” (7) all organic 11f§ was des’troyet

a qnft'ptelrlloti{udes at lea’st, glaciers were formed on mountains of mpdera e

:;lrel?g;llz h ;ﬁde:d that vast sheets of ice were sprefadhovgr_ ;1?11052 g;: :?;;;Zriig
: i na of the dritt hav .

e o SC;U:}; 12;:;:151; Z:O%T; ?l'rlzepoles, were suppos_ed to have f ormde.d
ey rgg Ol c7e which sent out its enormous glaciers m a southerly. 1-
etion by, th fe vee of expansion. The advance and retreat of these glaciers
T e 1 OrCera\ines and produced the striated and er'nbossed appearance
accumulacee th%\/n}ll(e)n the temperature was raised, the melting pf the immense
et YOC%(& duced vast currents of water which would lift up and bf':ar
et i PJO loaded with detritus, and thus scatter boulders over wide
o B oe erg‘S‘Hk” was, he was getting on towards a te'nable .theqr})]r. ‘
Adam Whoe":r this theory ,because “such a refrigeration of climate 15“w1t ;
A o Orallel in the history of the earth” and wquld ca}l foar a grlf':a
zm g ::li?lgfp?he solar system” ; and further, that “glaccllal- actlor;tlisp::it(xi :1111;

gy incli mountains,” and so on.

VY lnctn:ii\ﬁg eg:doiov ecigalrogflia of continental glaciation. Anotl}e;;
> Adamfs a:atst?c hypothesis had it that, “in the great centers fron; whlcC !
?1?: dlj'li(ﬁten?:nated there were violent earthquakes, }:)ft re}ileiiid pt::toizisl z.fs;lhe

over the north .
O e vg:r(’z;zzzg:kiv;%z:va(ril(éwvrzrater-waves of tr.anslation, bearing
e eno'rmou;se icebergs of the polar regions with great violence, and fstrﬁv&.r;
érll(én%ht: eplrren?;isting loose materials of the surface far't<13 th:r:o::lt(i’ :d atloerzllg
; » i of such materials w .
‘Eorrt?;rg:::g:;::it:ztgl;lg::rn:e;?z;ismg similar results.” Adams is not
in

wholly hostile to this theory.
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A fourth theory of that ti
time was that polar currents fl
/ i . owed
?}:’er a squerged Nm:th America, while other currents moved nortl Sou(tjh“’fl .
e goplcs ; they met in Lake Champlain ! ard trom
e enciz E]rlgrf t\ﬁ/;llesre; Izay b_e given: As the waters of the universal ocean
d merican continent, great lakes were im
1\1};051‘[11;;21011(1 ;raélges alnd other high lands. The dams ultimately burstp(l))z?i?‘fltizg
: ds to rush across the land, carrying with th i
drlf%]w}ﬁh wefre deposited as the currents s%ackened e the miterials of the
e 1dea of a universal ocean harks back N i
) : fa . ack to the Noachian del
alcii)lkaﬁ)f{ h(zeln.esw in which we read that: “The waters prevailed elj(gc:e(()lf Erklle
iy the. 185: ng}tl lllll%that were under the whole heaven were covered.” l;;i
h century Bishop Clayton declared that ' it
, ry the deluge “could i
i{/&:}lli;gue tTave In respect to that part where Noah liveg befo’;le tEgtﬂboeoiilt’:
e ko ;\E Wzatte :Otiniﬁzrzzl tge_luge wgulﬁ be physically impossible, since tl';e
v _ earth 1s practically constant and, i ’ ;
;lwlere evaporated to furnish the rain for “40 days andn4(5 ;fig%izt”o‘fhzhf \" Tte;
ﬁlle o?eans woﬂuld be coyrespondingly lowered—it would be aki;l to t ing &
a\I ,)u(clke‘i) of water with water drawn from that bucket g o
No doubt there was an inundation in tl igri |
I he Tigris-Euphrates valley ;
?j;:lis)%ajﬁlssXﬁanﬁlegleds follow quite closely the Moslzlic aczo:;tey Ag:::ll;
y the first American geologist to state wha .
' t _ t others had
;)lzo?lgh.l, tha;c Geol‘ogy gives us no evidence of a universal deluZe Isliiccio?lll)t
arfl Ezmg of the historic period, nor any other deluge which was unive 1e
n fro}\lvs great doubt on any such theory.” And he wisely adds: “Tt rila ,
sign of the Bible is not to teach science but the religious truth that h ic-one
God, the Creator of all things.”  There Isone
Tn his third report, 1848, Ad i
' : , lod4s, Adams writes that “he hastened t
IZ(Xntme.nthwﬁh Professor Agassiz and M. Desor in Burlingtor? zifl;l(;ﬁifli a'n'?p’:
andgasylz ad come to Amerlc.a in 1846 and had accepted the chair of zf)lélll t
! geology at Harvard Umversity the following year). In studyi O%y
: o.ss1 (_wmdward) and lee sides of hills, they agreed that a mass of dw’rfltg e
ehr1a, impelled by waves pf translation, could not account for the orl;s maci
,Pi. hei;lomena, blut that a solid agency would be needed ; that is, a glacial ;:Zet
s {n;ly we.l have been the bfeginning of Adams’ conversi’on to Agas s
g ‘Aa: eory; at any rate Merrill' states that at the New Haven meegt' SIZ?
A1§ merican Assoc1§t10n for the Advancement of Science, in August 11}%5(())
: ahms suggested an ice sheet 5000 feet thick, in a “great elevation gf tl’ 1 ,
in tAe nor.t}’lern re'g1ons,” as the cause of the drift phenomena e fand
Jurasgassxz s glacial thfory, 18{0, based on observations in the Alps and th
hemisbﬁg?ge;gifhth?t;h atha} perflic;d geologically very recent the entire easters
of the thirty-fifth and thirty-sixth '
: ' parallels was cover
j\ Theet %fh ice possessing all the characteristics of existing glaciers in the gjvibsy
ps. rough this agency he would account for the loose beds of sand ang

gravel, the bowlder clays, erratics, a i
Vel the bow! vs, , and all the various phenomena within the

fp—
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region described, which had heretofore been variously ascribed to the Noach-
jan deluge, the bursting of dams, the sudden melting of the polar ice cap, or
even to cometary collisions with the earth.”2

From his studies in North America Agassiz found that his theory held
there. We now know that the Pleistocene ice sheet covered over 1,000,000
this continent and Greenland, northward from latitude about

square miles of
st, and that it was, at maxi-

40 degrees, extending practically from coast to coa
mum, of the order of 10,000 feet in thickness.?

STRATIGRAPHY

Following the drift or Pleistocene epoch, Professor Adams very briefly
discusses the remaining ‘‘systems” and “formations” as they occur in the
United States and Europe. This discussion includes some account of the oc-
curring fossils, especially those of the reptiles of the Mesozoic among which
he includes the famous dinosaur footprints of the Connecticut Valley, foot-
prints which were popularly called turkey tracks.

The New York System embraced all the fossiliferous rocks extending
from the Primary to and including the old red sandstone of the Devonian.
The system included the British Cambrian of Sedgwick, the Lower Silurian
of Murchison (which Lapworth later renamed the Ordovician, 1871), the
Upper Silurian of Murchison, and the Devonian of Phillips. The Champlain
Division included the following formations which occur wholly or partly in
Vermont : the Potsdam sandstone (now known to be Upper Cambrian), the
Calciferous sandrock (now the Beekmantown), Isle La Motte marble (Ordo-
vician ; name no longer used), Trenton limestone (Ordovician), and the Red

sandrock (now the Monkton quartzite).
“GEOLOGY OF VERMONT”

Under this caption Adams devotes some twenty pages to the drift, which
has already been discussed. “Younger than the drift” is described an Older
Pleistocene and a Younger Pleistocene, both of which are now included under
the recent Epoch. The Older Pleistocene includes (1) blue clays and (2)
brown clays, fine sand, loose gravel. The blue clays, which contain “no evi-
dence of marine origin” are really the glacial clays of the drift period; they
are “insulated beds” scattered over the state, often overlain by beds of muck
or marl, or both. They are now used in brick making. The “brown clays,
fine sand, and loose gravel” are divided into marine and fresh water deposits.
The marine clays are limited to the Champlain Valley and “to an elevation not
exceeding 300 feet above the lake level.” These include our Pleistocene fos-
sils: Mya, Leda, Saxicava, and other genera.

The Newer Pleistocene contains “the remains of mastodons and other
mammalia.” In Adams’ time they had not been found in this state, but the

2 Merrill, Op. cit., 211,
3 For further information see text books on geology,

(1941-1942).

or the 23d Rpt. of the Vt. State Geol., p. 27
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task of a mastodon was later discovered in Richmond, another in Brattleboro
(in 1865), a tooth of Elephas americanum was unearthed in Mt. Holly, the
antlers of a deer, in Grand Isle, and most impressive of all, the skeleton of a
small whale (Delphinapterus vermontanus') was discovered in Vergennes in
1849.

In his discussion of the Champlain Division in Vermont, Professor Adams
notes very sketchily that: *

Champlain adjacent to the lake, usually extending from two to eight miles to

the east. In Addison County they are exhibited as low, successive uplifts with
a moderate northerly dip. Elsewhere they appear in uplifts, and rarely in
plications which trend a few degrees east of north.” For his work at Snake
Mountain, see page 10. ‘

Adams made numerous investigations in the Green Mountains, believed
that Taconic rocks existed in Plymouth, east of the mountains, noted that “an
interrupted band of granite extends from Lake Memphremagog southward
through the State and that this granite is probably the great source of the
igneous agency to which the metamorphic character of the azoic rocks is due.”
This is a decided advance from his earlier statement that azoic rocks are “en-
veloped in obscurity,” He speaks of the “theory of plications” in the Green
Mountains but leaves us in the dark in regard to this theory.

The remainder of the report is taken up with an extended discussion of
concretions which Merrill calls “abstruse,” and with letters from President
Hitchcock, Zadock Thompson, and “Mr. Benjamin Silliman, Jr., professor
of chemistry in Yale College” in regard to chemical analyses.

The reports are written somewhat in the formal style of the time in which
“courteous gentlemen” remain “Your obedient servant,” and so on.

It is to be stressed that Adams’ reports were only preliminary to a final
report for which he had accumulated a vast amount of material. He estimated
that this concluding work would require three years time and $3,750 to pre-
pare. Without this final report he believed that his work would be a failure.

But Professor Adams’ work was far from being a failure. He and his
associates brought to light a great deal of important geology in which the
observations were accurate and the conclusions were generally well grounded.
He boldly stated his position on theological dogma and took no stock in a uni-
versal ocean and drift-carrying icebergs—in this he was a man in 1
tion,

His theory of a ice sheet 5000 feet thick and an elevation of the polar re-
gion during the Pleistocene were probably his most significant contributions.

It is regrettable that he spent so much time on his treatise on geology and

had so little left for the real objectives of the survey—and that he left illegible
notebooks.

his genera-

In 1848 a special committee of the legislature having reported that “it does
not recommend the completion of the survey,” the legislature repealed the

1 6th Rpt. of Vt. State Geol. (1907-1908). These fossils are to be found in the state cabinet at
Montpelier or in the University of Vermont geological museum.

These rocks occupy a portion of the valley of Lake -

'\ dom— o WY
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jevi had quite
act establishing it, evidently believing that Professor Adams had had g
i h to finish the job. ‘ s,
t1m(i§n{)§f9 the legislature directed that the specimens ct())lllecteclobytofﬁ;ieaap_
together with his reports, be brought tog?ther by a “suitable p(elzr 31 o be ap-
g'nted by the governor” and deposited in the state house un e the care o
fl'?el state librarian. Zadock Thompson, whq had been Adar?s hzz stant anc
hose voluminous writings on the natural history of the state
W C
1 1 ted.
the obvious choice, was appoin ‘
This was the beginning of the statefc}lbmet.
1 nuary .
/ troyed in the state house ﬁr‘e of Jan
gegrzfnq(eostakye form during Edward Hitchcock’s tenure as state geologist
e
. edin
1864}1‘)1;e matter of reestablishing the survey dragggd O‘Y‘l thr'o}[le%i dsiuscccueSSiongS
ssions of the legislature until October, 1853, wher} the p'(c;sm .
Sfii friends of the survey at last bore fruit” and a bill providing ot [ lis compie
?' and appropriating $1,000 a year for the work, was en?c ¢ t.h  Fadock
'Ilf;l”) son was appointed state naturalist, thus bgcomm.g in fac he secone
\Y Orrrrll(l))nt state geologist. Thompson continued his duties as curator
er .
cabinet.

In providing for the ’
it had scant ideas of what the ta e g at Xt
i::glislature providing the necessary appropriations, must contin
for many years to come.

Unfortunately the exhi‘jbits
6, 1857. A second cabinet
’ (1856-

. i d that
completion of the survey, the legislature showe

. . . he
i ; re still working at it and, t
sk involved ; we a e

ZADOCK THOMPSON

v he
Thompson who was one of t
Thompson, the son of Barnabafs ( oy
fi 'tZ:e(itolcell(‘s ofO\I;V}i)ndsor County, was born in Bridgewater, Verl?ont, tltl/I:}U 5
1;;6 Little is known of his early schooling but he grandugtedd ;qmcaﬂetteer
ersi‘ty of Vermont in 1823 and during the next year published his (az
Vi
k of 200 octavo pages. ‘ '
! Iﬁzgizth?a:; 1;)f c'c)he early geologists he had a decided theological bertt ;fni
was ordained a deacon in the Episcopal Church in 1836 bludt, on jiz;o;llrzhough
heart ailment which followed him through life, he never held a p}zll ihouen
hiadid considerable preaching in Burlington, where he passedertl tiealrlr;qa of s
i i i hompson was ess
i he neighboring towns. But T ) . i
hfiei)anl?s 1:nfi ile pgoduced lots of them: Ge'ntleman s Almanacj }r;t 1320(1)4 ,t h‘i
;am?gr’s Almanac, 1827 ; The Green Mountain Repfsz{orglr,g 12§281%ist0ery e
ti i i tic, also in ; i
] in Theoretical and Practical Arithmetic, he
?is;Sti?t Il/ftzm:(fnt from its earliest settlement to the close of th; %r;eatrlol&'io]é
G ate hy and H’istory of Lower Canada, 1835; Qeography an Theo’ g‘?;n’s
V eogmﬁt y1848' and many others. But his enduring work was 60518p s
Veyznn‘:mt’ Natu;*af, Civil and Statistical, an o.ctavo volum_e of sor&e Chgﬁcy
p\fl;ishe({ with the financial aid of his old f.rle]r;d z;nd tner:gh%c;:é {e gx'i.51ature %A
i ublisher and printer in Burlington. 11
glzoizlihorcﬁe?egacfni Eundred copies for the use of the state library and voted
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Zadock Thompson

:?100 tt)o tl}{u? author in tokex.l of the popular appreciation of what he had done.
= dlS]ibOZ isa (lzomp'rehensxlve work and is still found in many Vermont homes
braries where its wealth of informatio i j i
o g e n on a myriad of subjects delights
During his tenure as assistant to Pr
‘ rofessor Adams, Thompson and his as-
zgzla:te exploi;ed one hundred and ten of the townships of thepstate His ﬁelsd
cumens and notes, as i i :
ek iy well as those of his chief, were added to the state

‘< {X;;nigtoril;picétsll\jvas elected professor of natural history at the University
Thompson had long been a student of Vermont geology ; in the section o
geology and mme:ralogy of his “Vermont,” he really gives,us a better s %
mary‘of the physxcal features of the state than we get from Adams’ re (:i'rtn_
He gives a section from Lake Champlain eastward to about the crest o% ths.
S}reen Mountains ; in this section he finds the following systems of rocks?
'1. Old Red §andstone, in an interrupted range. 2. Graywacke. 3. Tra 3
tion of meta'lllferous limestone, alternating to transition argillite' 4.. Trazzf—
tion or ca1c1ferous_ sandstone. 5. Transition argillite. 6. Primitiye ar 1;:
lite. 7. Sparry limestone. 8. Granular limestone. 9. Granular uagtz
10: Horx?blende xjock. 11. Gneiss with alternating layers of gramitf(:l 12.
Mica-schist, constituting the middle ridge of the Green Mountains and e).ctend:

ﬁ
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ing down the eastern side.” He further notes that “most of these ranges of
rocks extend the whole length of the State” and that, “‘on the east side of the
mountains the geological features are not so well defined nor so well known.”

It may be explained that the “Old Red sandstone in an interrupted range”
is not the famous “Old Red” of the Scottish Devonian but our Red sandrock
which is definitely of Lower Cambrian age. Furthermore, the “graywacke”
was probably our Georgia slate ; the “granular limestone,” marble ; “granular
quartz,” the Cheshire quartzite; the “‘alternating layers of granite” are sills;
“metalliferous limestone” is—what?

In his appendix Thompson tells us of the fossil whale which was discov-
ered in Charlotte in 1849 while excavations were being made for the Rutland
and Burlington Railroad. Thompson collected and studied the scattered bones
and, with the aid of Cuvier's “Osse Foss,” decided that the fossil resembled
Beluga (Delphinapterus) leucas, or northern white whale. Professor Thomp-
son took the bones, which represented about four-fifths of the whole skeleton,
to Professor Agassiz at Harvard College who confirmed Thompson’s tentative
conclusion.

For many years this famous fossil (which is some 14 feet long) has been
on exhibition in the state cabinet at Montpelier. The titles of the numerous
articles which have been written about it appear in the index to this article.

Professor George H. Perkins, in his sketch of Thompson’s life, writes:
“Into the execution of his work as state naturalist Thompson entered with
enthusiasm, as it afforded him the opportunity he had long eagerly desired :
to complete his study of the natural history of the state. He had been pre-
paring himself from childhood for just this task and his whole soul went into
it. He at once planned an extensive work and wrote out the title pages of the
three volumes of which it was to consist. Each volume was to be entitled
Natural History of Vermont, the first was to be given to geology, the second
to botany, the third to zoology.” “The work never went far beyond the plan
indicated, for the shadow of death, which for years had hovered over his life,
at last fell and, in 1856, he died at his home in Burlington.”

And so Professor Thompson never published a state geologist’s report.

AUGUSTUS YOUNG

Soon after Thompson’s death Governor Ryland Fletcher appointed Judge
Augustus Young to the office. Judge Young prepared a preliminary report
of 88 pages but, as far as the writer can learn, it was never published. He
died within the year of his appointment.

Under these sinister conditions President Edward Hitchcock (then 63
years old), of Amherst College, was invited to take charge of the survey; he
thus became the fourth Vermont state geologist, serving from 1856 to his death

in 1864.
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Edward Hitchcock

EDWARD HITCHCOCK

Mai('i’w;[rfy I;ltlcl;scs).ck, who was of English ancestry, was born in Deerfield,

Nothing seems to be known of his early education. He had intended to
enter He}rvar‘d College but poor eyesight and illness prevented. Through his
friendship with Amos Eaton he became interested in botany and mineralogy
and later studied chemistry under Benjamin Silliman of Yale College.
Of strong religious leanings he entered the New Hampshire Theological Semi-
nary, grad_uated there in 1820, was ordained in 1821, and became pastor of the
Congregatxonal Church in Conway, Mass. On account of poor health he gave
up his pastorate and accepted a professorship of chemistry and natural
history in Amherst College. Twenty years later he became president of Am-
hfzrst and professor of natural history and geology but after ten years he re-
signed as president in order to devote himself wholly to these subjects.

In' 1830, through his efforts, the Massachusetts Geological Survey was
established and he was appointed its head. This was the first American geo-
loglcgl survey to be carried to completion. After three years’ work Hitchcock
published his report on the geology, mineralogy, botany, and zoology of Mas-

sachusetts. For this work he states that he traveled 4,550 miles and collected
at least 5,000 specimens.
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When the geological survey of New York was established in 1836, Hitch-
cock was appointed geologist of the first district which comprised the south-
eastern section of that state, but he soon resigned in order to revise his Ge-
ology of Massachusetts which was completed in 1841.

Professor Hitchcock, in 1840, was appointed chairman of the Association
of American Geologists and Naturalists which, in 1847, became the American
Association for the Advancement of Science. In 1856, still continuing his
connection with Amherst College, he accepted Governor Ryland Fletcher’s
invitation and became state geologist of Vermont.

Merrill! says of him: “As a prolific writer Hitchcock was without an equal.
He wrote five volumes and thirty-seven pamphlets and tracts on religious sub-
jects, including the religion of geology and its connected sciences (1851);
three volumes and as many tracts on temperance ; fourteen volumes, five tracts,
and some seventy-five papers on botanical, mineralogical, geological, and physi-
cal subjects, and twenty-seven others. His Elementary Geology, published in
1840, ran through thirty editions and then was rewritten.”

Another biographer describes him as: “A man of religion, a man of sci-
ence ; in both a docile student and an expert teacher . . . . in both shackled by
traditions which he feared and hated to break, yet rigorously holding up his
shackles and keeping abreast, and in some instances, ahead of the advancing
age,” and so on.

That he was a “catastrophist” is shown by his statement that: “Geology
(1) furnishes evidence of direct and repeated acts of creative power, (2)
proof both of a general superintending providence of God over our globe and
also of special interference from time to time with the usual order of things
upon its surface, but catastrophies are never permitted to pass certain limits,
and (3) furnishes numerous illustration of Divine benevolence: soil from the
rocks, disruption of strata to uncover coal beds, existence of valleys from this
disruption, modified however by erosion, ore deposits, and volcanoes which He
employs as Penal inflictions”(!) Furthermore, “Geology and revelation agree
in representing the surface of our globe as swept over by a general deluge, at
a period not very remote.” But later he sees “No geological evidence of a
deluge contemporaneous with the Mosaic deluge but geologists do not deny the
account of this deluge.” All of this shows his religious bias, a bias which runs
through his Geology of Vermont.

Vermont geology was no new territory for Professor Hitchcock; his let-
ters to C. B. Adams in 1845 and 1846 show that he was well acquainted with
many of the mineral deposits of the state while, in structural geology, he had
raised the “sublime question whether the almost entire ranges of the Green and
Appalachian mountains have been folded together like the crumpling of paper
and then thrown over.”

He was also impressed with the deep interest manifested by Vermont citi-
zens in geology, “which certainly indicates a high degree of intelligence and

1 0p. cit., p. 152.
2 Geology of Massachusetts, p. 141 (1883).
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just appreciation of scientific pursuits.” And he is “bold to say that a parallel
example cannot be found in any state in the Union”—the professor evidently
knew something of the art of the diplomat.

REPORT ON THE GEOLOGY OF VERMONT
DESCRIPTIVE, THEORETICAL, ECONOMICAL
1861

Th‘is report, in two quarto volumes, comprising 988 pages, one colored
geological map of the state and several others showing terraces and beaches
illustrated by many plates and woodcuts of scenic features, was the most com-’
prehensive geological work on Vermont ever written—and probably ever will
be written. In this undertaking Professor Hitchcock was assisted by his son
Edward Hitchcock, Jr., who wrote the section on Vermont minerals ; another,
son, Charles H. Hitchcock (for many years professor of geology in Dartmouth
College and the author of the Geology of New Hampshire) who was the chem-
ist of the survey ; and Albert D. Hager who was responsible for the economic
geology, physical geography and scenic features. The paleontological work
was done by James Hall of the New York survey, and the paleobotanical by
Leo Lesquereux, a Swiss who came to America in 1848. Hitchcock and his
associates embarked upon an ambitious programme which included the follow-
ing objectives:

1. “To gain such a knowledge of the solid rocks of the State as to be able
to delineate them upon maps and sections, according to the (then) established
systems of geological science.”

2. “To study the loose deposits lying upon the solid rocks, and trace out
the astonishing changes which the surface of the State has undergone.”

3. “To collect, arrange and name specimens of rocks, minerals and fossils
from every part of the State for the state cabinet.” (It will be remembered
that Adams’ collections had been destroyed or rendered worthless by the state
house fire in 1857.)

. 4. “To obtain a full collection for the same Cabinet of specimens valuable
in an economical point of view.”

5. “To identify the metamorphosed rocks of the State with those that
have not been changed. This last point has been the most difficult of all.” He
ad'ds that: “To carry out such a plan over an area of more than 10,000 square
miles everyone must see to be a gigantic work for less than three years; and
we fear that it will be thought only imperfectly performed”—in the year of
grace 1946 we are still working on it! )

MINERALS

Whereas Adams in his first report (1845) states that “there are in the
crust of the earth 434 simple minerals, of which he lists only quartz, feldspar,
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limestone (calcite ?), hornblende, mica, talc, chlorite, serpentine, and gypsum,
Edward Hitchcock, Jr., enumerates about 60 mineral species, which are rep-
resented in the state cabinet, although varieties of these minerals swell the list
to 370. Localities are given and the minerals are also listed by townships. This
is the fullest mineral list that we have in the reports and it is still valuable al-
though it needs revision.

In another part of the report Hitchcock states that the principal authorities
used are Dana’s System of Mineralogy and Shepard’s Treatise on Mineralogy,
which he cites as the most complete works on American minerals extant.

He also gives the names then in use for the six systems of crystallography
as follows: Monometric, which we now call Isometric; Dimetric, which we
know as Tetragonal; Trimetric, or Orthorhombic; Monoclinic, Triclinic, and
Hexagonal.

ROCKS

Professor Hitchcock states that the rocks of Vermont are the most difficult
with which he ever attempted to grapple. In this statement he probably had
in mind the metamorphics in which, until the period of extensive chemical
analyses (C. H. Hitchcock’s analyses were almost wholly confined to sedi-
mentary rocks and ores), and the petrographic study of thin sections (about
1870), but little progress could be made.

He believes that “the interior of the earth is now in a molten state, and
that at an early date it was entirely melted.” “This interior is sourrounded by
a crustal envelope which cannot be more than a hundred miles thick.” Mod-
ern seismology points to a crustal thickness of about thirty-six miles and is
uncertain as to whether the earth’s core is a solid, a liquid, or a gas.

Hitchcock divides the rocks of the earth’s crust into unstratified (the igne-
ous rocks) and stratified rocks; the latter, into fossiliferous and unfossilifer-
ous rocks—we should call them igneous and sedimentary rocks ; the sedimen-
taries may be fossiliferous or not. Then he goes into a consideration of meta-
morphism—which of course gives us a third class, the metamorphics.

Metamorphism he defines as “the transfer of one kind of rock into an-
other.” This definition would include oxidation, hydration, carbonation, sili-
cation, etc.—agencies which are no longer included under the subject. His
agents of metamorphism are “heat, water, and galvanisn”; “‘pressure” should
be used instead of this ungeological term.

With these vague definitions Hitchcock believes that “almost any rock can
be transformed into any other rock” and raises the rhetorical question: “What
can granite be but metamorphism carried to its utmost limit”? His final con-
clusions are that: “A great wave of metamorphism has swept over North
America” and that: “The entire crust of the globe has undergone metamorph-
ism and is not now in the condition in which it was created.” In the light of
modern knowledge this paragraph is wholly wrong. Metamorphism was evi-
dently in swaddling clothes!
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THE DRIFT

On the subject of the drift Hitchcock was a Neptunist!; he never wholl
emerged from the ocean although he did make concessions to mountain glacier};
—but never to a continental ice sheet,

In his reports on the Geology of Massachusetts (1830, 1833, 1841) he ac-
cepts the Mosaic account of creation and states that: “Nearly, all geologists
agree that their science exhibits no evidence against the occurrence of £he
c}eluge, as Moses described it.” This is of course decidedly negative evidence ;
it would be more correct to say, as Adams did, that geology gives no evidence’
for the occurrence of the deluge. Further: “Geologists agree in representing
th.e continents as having been submerged beneath the ocean.” In support of
this he quotes the 104th Psalm: “Thou coverest the earth with the deep, as with
a garment; the waters stood above the mountains.” We now know ,that the
waters which many times covered many parts of the earth were shallow epi-
continental seas, and not the deep ocean, g
. Not cgntent with one deluge, Hitchcock believes that numerous extensive
if not universal, deluges have occurred since creation. “The last deluge ir;
Mgssachusetts, was universal and comparatively recent.” Furthermore ‘ he
believes .that a “former continent” once existed on the site of North Ame;ica

In his field work in Vermont Dr. Hitchcock and his associates give the:
trends of over 200 glacial striae in various parts of Vermont, and show that
they vary, at maxima, from N. 45° E. to N. 70° W.; at minir’na from N. 5°
E. to N. 5° W. The prevailing trend is to the southeast. T’he striae'are
gscrlbed to the action of icebergs, their bottoms shod with englaciated rocks, be-
ing swept over the rock surfaces on which they were being grounded. !

Hitcheock also locates many of the large erratics in the state, the largest

called the Vermont Giant, on a hill in the western part of W hiytingham' 46
by 36 feet and weighing about 34 tons. '
‘ Professor Hitchcock’s assistant, A. D. Hagar, describes the (schist) errat-
ics near the summit of Mount Mansfield according to the oceanic theory:
“Two bowlders of about 30 or 40 feet in circuit lie nearby, reposing against a
firm barrier that doubtless wrenched them from their icy matrix as they were
recording the history of the iceberg epoch upon these tablets of stone, which
record was to reveal to man the fact that even Mansfield's lofty summit was
once beneath the ocean, and icebergs sailed majestically over it.” In a uni-
versal ocean one wonders where the icebergs picked up the boulders.

In similar vein Hagar believes that what we know to be a glacial trough in
which Lake Willoughby lies, up in Orleans County, north of St. Johnsbury
was eroded by “powerful northern currents which, during the drift period,
rushed with impetuous force through this deep gorge.” We know that the’
gorge did not exist until it was formed by the erosive action of the Pleistocene
continental ice sheet. Just what caused these impetuous currents in a uni-
versal ocean is not suggested.

1 The term, neptunist was used ironically for those who believed in a once universal ocean

o
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The inability of geologists of the early, and even later, times critically to
examine the theories they employed led to the general acceptance of many
futile ideas and was, of course, inimical to the progress of the science.

Dr. Hitchcock devotes many pages to the drift phenomena: boulders or
erratics, gravel, sand, and “loam.” Topographic glacial forms, such as kames,
eskers, drumlins, and others were not recognized at that time.

He regards the agencies of the drift to have been icebergs, ice floes, and
shore ice, acting while the country was slowly sinking beneath the ocean; the
ocean was refrigerated by polar currents. But: “We have no doubt that a part
of what we call drift phenomena in New England was produced by mountain
glaciers, such as we have described as once connected with the Green Moun-
tain range.” It may be noted that there is no evidence of mountain glaciation
in these mountains.

Elsewhere Hitchcock needs a rising continent on which to ground his bergs.
Again he speaks of a former continent which once existed on the site of
North America, but has now disappeared—Tlike the lost Atlantis! And so Dr.
Hitcheock requires a rising, sinking, and pre-existing continent to account for
all his glaciology.

In a paper read before the American Association of Geologists in 18421
Hitchcock had discussed glacial phenomena and the theories of several Euro-
pean geologists on the subject. Among them was the theory of Lyell (1797-
1875) to the effect that the results observed by him in North America were
produced by floating icebergs derived from glaciers formed on the mountains
as the content slowly emerged from the ocean. Hitchcock objects to this
theory ; first, because it fails to account for the lower temperature which would
be necessary ; second, because there is no evidence that the glaciers descended
from the mountains (compare above) ; third, because the deposits of vegetable
matter derived from land plants show that the continent must have been above
sea level long before the drift period. The theory of De la Beche (1796-
1855), which supposed the contents of the northern (universal) ocean to have
been precipitated over the countries farther south by the elevation of the polar
regions, Hitchcock thinks possibly applicable to the low countries of Europe
but not to New England, since it would require too great a rise of the ocean to
carry the drift over the summits of the mountains. Nor, indeed, can he under-
stand how such a result could be obtained when the land was rising from the
ocean and the water was therefore retreating, as it must have been to account

for the observed phenomena—such phenomena as would call for the occur-
rence of water loaded with ice and detritus.

“To Agassiz’s theory, which supposed an immense accumulation of ice and
snow around the poles during the glacial period and a consequent sending out
of enormous glaciers in a southern direction, followed by floods of water and
transportation of icebergs on return of a warmer period, he likewise takes ex-
ception, since he was unable to conceive how such effects could operate when

1 Merrill, op. cit., p. 625, :
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land was rising from the ocean and the waters were consequent retreating,”
and so on.

After considering the phenomena and weighing all the theories advanced,
he asks: “Is it not possible that the phenomena of the drift may have resulted
from all the causes advanced in the theories under consideration”—*1 feel . . .
that the proximate cause of the phenomena of the drift has at last been deter-
mined, namely, the joint action of water and ice.” This was practically the
glacio-aqueous agency, given by Adams (p. 11).

The old conception of a universal ocean with submerging and emerging
continents, and the failure to distinguish between mountain glaciers and a vast
continental ice sheet were the stumbling blocks.

GLACIERS

In the present work Hitchcock describes (mountain) glaciers as “vast
rivers of ice which, starting from the snow-capped summits of lofty moun-
tains, move slowly down the valley as far as the heat of summer will permit
them. Slowly advancing, their great thickness and the weight of the super-
incumbent snow cause them to grate hard upon the rocky surface beneath ; and
they do, in fact, produce all the phenomena of striation, planishing, and em-
bossment, which have resulted from the drift,” and so on.

He naturally looks to the White Mountains for such phenomena “but the
explorations there have not had much success. The Green Mountain range
has afforded more satisfactory results.” He then gives many examples, in
Vermont, of what he considers to be evidences of mountain glaciation.

He notes that ‘““some able geologists (presumably Agassiz) regard all the
phenomena of drift as produced by (continental?) glaciers. “Such, of course,
make no distinction between the different varieties as we do. The difficulties
in the way of referring all the drift phenomena in our country to (continen-
tal?) glaciers seem to us insuperable and we therefore resort to icebergs for
common drift, and refer such cases as have the following characteristics to
(mountain?) glaciers: 1. Glacial striae often differ widely in direction from
drift striae. 2. Glacial striae occur only in valleys, radiating outward from
the crests of mountains, while drift striae overtop the mountains. 3. Glacial
striae generally descend from higher to lower levels. Drift striae frequently
ascend mountains. 4. Drift is spread promiscuously over the surface glacial
detritus more or less blocks up the valley.”

In criticism of the above it may be briefly said that: 1. The White Moun-
tain region shows abundant evidences of both mountain and continental glacia-
tion. 2. Glaciation in Vermont was due wholly to continental glaciation.
3. Universal oceans, submerged and emerging continents, drift-laden ice-
bergs (except on a small scale), and other absurdities are things of the past.

Thus, from 1848 to 1861, Vermont state geologists had made no real prog-
ress on the subject of glaciology; this in spite of Agassiz’s glacial theory of

1 Goldthwait, J. W., Evidence for and against the former existence of local (mountain) glaciers in
Vermont: 10th Rept. Vt. State Geol. (1915-1916).
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1840 and his later work in America. Hitchcock was st‘il! “shackeled_”'by the
tradition of Noah’s deluge and so was incapable of critically examining the
. . . d
tonishing theories which he and others hafi advance ' .
* But ingthe next article on Vermont glaciology! the drift theories had been
abandoned and Agassiz's theory accepted.

RIVER VALLEYS, GORGES, TERRACES, ETC.

Vermont has very many lake and river terraces w_hich were malply d?et ttlo
the gradual and interrupted rise of the land .foll(')wmg the recession o ‘ (61
Pleistocene ice sheet. In the case of rivers this rise of ‘the 'land rejuvena ed
the old streams and made them cut more deeply, forming inner gorges an

i long their courses. .
lea\lglugt tte;rI::Iciii}?cocli steeped in his neptunist theory, they were dﬁe to the
submergence of the continent and its gradual reappearance at?ove the oce:zm.
Dr. Hitchcock states very wisely that, “in the present age scientific men are 0(;
apt to speculate in the absence of facts” wheregs he‘ Proposes to give v;z:/v:rgd
common, plain phenomena.” But then he writes: If the oceax;l on:e' e
the tops of Jay Peak and Mansfield .Moutltam, as shown by the sfnat;, ug1 ”
them, surely the whole of Vermont might justly bg called “Ehe bed of a 11or '
ocean.”2 He sees evidences of this sea bottom in the “many gravti) ytan
sandy plains and low ridges,” and he “draws a dlStl.nCthﬂ between secell ot i)lms
and the drift ; according to him, the drift accum.ulanons_ were collectt;:l toge 15;
by the joint action of water and ice; the oceanic deposits were the dpgr dma e
rial of the drift sorted out and transporte.d, or els,'e the. drift mo 1he su
sequently by aqueous agency.” But there is no valid evidence that }tl eRocez:ltz
ever covered Vermont ; much of this fine sand and gr'avel belon.gs to the Rece .
Epoch. And so, Hitchcock’s premise being wrong his conclusions were boun
© bf\ifltleir;fsr'long submergence Hitchcock sees “the; contiqent slo\\;lly 'exlnerdg—
ing from the ocean, rivers commencing their wearing action on ic e islands,
waves and oceanic currents comminutipg, sorting, and arranging tledsaine: in
the shape of beaches and terraces; while it may be that icebergs and glaciers

M ”
mo%ffge:ﬁ?Ewrggilsﬁ of the Surface” Dr. Hitchcock gives the principal agel};s
of erosion but thinks that the “greatest part of the work has been done“ v
waves, tides, currents and ice floes of the ocean, as thf: land has sunk l'zlmél risen
again and again. The drainage of the land, also by rivers, accompcllls e1 ! agalrg
and again by these vertical movements, has’,worn out gorges and va Eizs eor
great depth, and the work has not yet cea.sed. Wh‘ere rivers have soug nbw
channels, Hitchcock believes that, “during the sojourn of the contlpent e-
neath the ocean at the drift period, gravel accumulated in valleys vs{hlch, on‘ a
previous continent, were the beds of rivers, so that when the continent rose,

1 Hitchcock, C. H.: Geology of the Green Mountain Range: 4th Rpt. Vt. State Geol. (1903-1904).

2 He might have added the fossil whale, already referred to, in seeming support of his erroneous
premise.
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the rivers had to seek new channels.” With these neptunist tenets in mind
he proceeds to explain the existence of various gorges: Bellows Falls, Brattle-
boro, Cavendish, and others. Another novel explanation has it that, as the con-
tinent was rising and a mountain ridge, having a depression in its crest, slowly
emerged, the winds, the tides and the currents would cause the water to rush
forward and backward through the opening, thus enlargening it. With fur-
ther emergence rivers might form and wear out valleys of great extent. “These
processes, repeated several times over, might have accomplished the mighty
work of ploughing out at length Vermont’s deepest valleys.” Thus he would
explain the Winooski, Lamoille, and Missisquoi valleys. These trans-state
river valleys, affording easy communication between the eastern and western
parts, and also other natural routes of travel, Hitchcock attributes to the
“design of the Creator.” This may be so but He chose perfecty natural meth-
ods in bringing them about peneplaned mountains and superimposed streams
are relatively modern conceptions and were not dreamed of in Dr. Hitchcock’s
philosophy. Hutton had written his great work on rivers about a century

before and many other writers had probabl

y added their investigations but
Hitchcock seems not to have benefitted by them any more than he had by
Agassiz’s glacial theory.

STRATIGRAPHY

Here Dr, Hitchcock is on surer ground. As the result of his work on the
aereal geology of the state he produces the first colored geological map of
Vermont in its entirety. For this work Hitchcock and his associates ran thir-
teen sections across the state and many sub-sections, a tremendous job with no

good maps to aid them and with the most primitive means of transportation.
Section I crosses the state from Guilford to Pownal,
II crosses the state from Brattleboro to Bennington.
IIT crosses the state from Dummerston to Shaftsbury.
IV crosses the state from Rockingham to Rupert.
V crosses the state from Windsor to Wells,
VI crosses the state from Waterford to West Haven.
VII crosses the state from Thetford to Orwell.
VIII crosses the state from Newbury to Bridport.
IX crosses the state from Newbury to Colchester.
X crosses the state from Waterford to Charlotte.
X-A crosses the state from Lunenburg to Colchester.
XI crosses the state from Guildhall to Grand Isle.
XII crosses the state from Brunswick to Isle La Motte.
XIII crosses the state from Canaan to Alburg.

These sections follow river valleys only to a very limited extent. Sec-
tions XIT and XIIT cross Essex County which is a wilderness of granite rocks
crossed by no roads. :

From the study of his thirteen sections, and sub-sections, Dr. Hitchcock
is able to present the first colored geologic map of the state of Vermont.
Naturally this is now largely obsolete. It may be noted here that the 1861
report is practically out of print and is to be found in only a few libraries. A
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very limited number of copies, much dama\.ged by the 1927 flood, can be pur-
chased from the state librarian at Montpelier.

DISCUSSION

Dr. Hitchcock makes use of the Champlain Divi.sion %‘ Lgi\:grmil}ul;
ian’) -of the New York System (see p. 9), the formatmnls? :,Vus e r}QCk
eated ascending, as follows: Potsdam sandstpne, calcifer S Hud:
‘Sfdseye limestone, ,Ise La Motte marble, Trenton limestone, Utica slate,
i roup and Red sandrock. . ‘
50111151;’1;:’ c%iscugsion of Hypozoic and Paleozoic rocks, HltChCO@{ sta;cersltt::li'f
“so far as has been ascertained, these rocks, with one or two ummpﬁ\zg ;mains
ceptions, occur only in that part of the state west of the Green ! b
\NIt): ﬁndj there a succession of formations whose ord?r Qf supetr.pt())ut on
settled in other parts of the country and, in some cases, m'\/.e‘rmt;)ré u,re «o un-,
in consequence of inversion, faults, and metamorphism, it 1s o S re and
ldetermined" By “inversion” we understand thrust-faults which w
oli logists.
mbling blocks of the early geologl : ] N
gre:;:listtcllllcock gknows the “Cambrian period” but uses the exPreIs,\?lon S?SriV(
once or twice. He knows, further, that the Po(t:sdar;\ 'Sar;dSton:alﬁline iv(x)kaS i
; ic (Pre-Cambrian) crys
nformably upon the Hypozoic ( ‘ 1 t
IEStS u’I;CI(iaurentianySystem. “The areas of the Laurentian rockls in _Verr:rczﬁ_
Ogigr limited. They are found projecting from the great nu}cI eus in éld "
?3:1 Ne);/ York as a narrow spur, entering the town of West Haven a
i i th.”
hree or four miles to the nor '
tendilnog ;oifnations are listed under Cambrian, but t'he ?ots%m sangit‘g:ﬁ,
i gn as Lower Silurian, is found in small exposures 1in West a\'zent, o Of,
glvd eastern Shoreham. Keith! found a small area in Shoreham, just w
an . : :
i tion of it.
lain faul. Cady? makes no men
the ICJll]SIr:gtely the Potsdam was found to be the basal member of the Upper
i iod. . ‘ ‘ )
Can‘][?:;lc;lig' lt)ﬁ; caption, Quartz Rock, Hitchcock describes “the géeat ra{\l/igsui)‘t
quartz, or quartzite, which extends alo&g the }:NeSttthO; (;)fngrlfh ;:eiréast -
ins.” th into Massachusetts a :
tains.” It really extends soutl s ts an b at least o
i ibes i tail and gives its occu \
1 itchcock describes it in great de . : : '
fgifsr;;ipii Tt is no doubt the Cheshire quartzite of Lower Cambrian ag

which B. K. Emerson named in 1892.
THE RED SANDROCK

i t
This is a famous Vermont formation whose age has been one of the mos
1 i e state. ' .
dlspzzte%ol?nfg"ly accepted it comprised a great belt of quartzite and dolt?‘rx::i
t nflin from Quebec, at or some distance f.rom the lake shorel,j }ﬁu e
ilﬁit()e Add;gson County. It makes up low mountains (Eagle, Pease, Philo,
1 g .

i 923).
Amr. Jour. of Science, vol. § (Febru)ary, 1923)

L e, A L Geol. Amr., vol. 56 (May, 1945).

2 Cady, W. M.:
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house, Buck, and Snake) i
, , ake), promontories (Malletts Head, Lone R i
{ 3:}:& cgll?d Sharp Shins] ), and headlands (Red Rocks in Burlington(;Ck SFt)I(‘)lllnt
pural g r;z rllisnzad::hup of a m(J)nfaber of enormous thrust blocks presenti‘ng steeC;;
o the west. these thrust blocks th i ve i
Lone Rock Point, just north of Burli " Where the seadons (o2t
_ , urlington harbor, where th
the dolomite member) is seen resti o the Oredoncian < nere
. ting by thrust upon the Orodivici
ton) shaly limestone and perha j % th s i ot ey
ps the Canajoharie shal ith i
15° easterly. Thrust faults we i o 2d ‘G o
it Wil vl re unknown in those days and “inverted dips”
seerllrtloslt?me locahtiles (Srflake Mountain and Georgia) the Red sandrock is
1€, apparently conformably, upon the shales b h
of the sandrock became a moot , tion i R gectogy mad once the age
Ctudies of many pecto e question in Vermont geology and engaged the
From its general appearance (lithologic similari
ogic similarity) Amos Eat iev
zl;irlzlzctiezar};irqii t(l)q bePthe Old Red sandstone of Devonian age 31“?:5 tl)&[lall?CSi
1t with the Potsdam. It has already b :
. . y been noted that C. B.
1(_Ipl.ldls(o)zl, ﬁtl Snaée Moun;am, believed it to lie in natural sequence upﬁsaﬁlz
ver Group and so placed it at the top of the Ch i 1visi
. amplain D
t(hpe.r 9_). fEbenezer Emmons, working on his Taconic Systerg stategliilc;ll
: ills a rac.ture at the base of Snake Mountain, “one of the mo,st interesti
1(1118362 g.e(.)lo‘glc phenomena.” This is no doubt the Great Fault of Lo 121%
¢ ); it is now known as the Champlain thrust—but it occurs highergu
H:edmourll{tfim, where the Red sz?.ndrock lies apparently conformably upon th};
Hudson River Group. He considered the sandrock to be “conformabl psu
!ace?ts'to h}S Taconic slate and correlated it with the Medina sandstonz wﬁiecr};
is (11 ;lurlan .(properly sg-called) age. Later Emmons regarded t},le Red
1s{an rock sometimes as equivalent to the Calciferous sandrock (which is
nolv;n as ‘Beekmantown)' and again as the Potsdam sandstone o
t. ; I_II{ltChCOCk’ working at Snake Mountain, notes that “without excep-
(3212':1 e ed sflndBrockEliests upon the Hudson River Group and is Medina gr
ida in age.” But Elkanah Billings of the Canada Su i i
r
the ;imdr%cl; onhpaleontological evidence to the Potsdam ;igul;)l 1501 assigned
s will be shown the solution of this '
Waleatt it Gt Sott vexed problem was found by C. D.
Zitel?lgt':}: txlrggz ;che lzedhsandrock has been divided into the Monkton quart
ith, and the Winooski dolomite of much e i i ,
arlier ¢
19::5 Cladyl named the western member of the Winooski the Du(r)lll?aan%e;iolin
mi ?fh t is now known that the Red sandrock is of Lower Cambrian age -
car ebyCIz_lll'c;fﬁrouli tsai-drock, which was later renamed the Beekmantovx;n is
1tchcock to form a narrow belt on the western b .
. order of
in t’?il towns of 'West Haven, Benson, Orwell, and southern Sh(l;r::e)ha\x;ermonty
el e ChaSz_y limestone Hl_tc'hcock finds to be the most extensive limeséone of
t .Zwer ilurian (Ordovician) of Vermont. He finds it on Isle La Motte
rovidence Island, South Hero, Ferrisburg, Panton, Addison Bridport and’

1 Loc. cit.
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Shoreham. Sections are shown across Isle La Motte, and Larrabee’s Point.
Many strikes and dips and characteristic fossils with illustrations are given.

Birdseye limestone “is very rarely found in Vermont.” Professor Adams
collected specimens with characteristic fossils at South Hero, Ferrisburg, and
Crown Point. Fossils of this formation are described.

The Black River limestone of New York Adams and Hitchcock designate,
in Vermont, as the Isle La Motte marble. 1t occurs in a small area on the
eastern shore of Isle La Motte, the northwest part of Ferrisburg, at Larra-
bee’s Point in Shoreham, and in the northwest part of Benson.

On the colored geological map the Chazy, Birdseye, and Isle La Motte are
shown in the same color.

The Trenton limestone is represented in Vermont by three ranges.

“The principal range enters the State in West Haven, crosses Rutland
and Addison counties into Charlotte ; thence through Benson, Orwell, Shore-
ham, Bridport, Addison, Waltham and Ferrisburg. It reappears on Grand
Isle, South Hero, and Isle La Motte.”

The second range is found upon the west flank of the anti-clinal in the
Chazy limestone upon the lake shore in Bridport, Addison, and Panton. The
third range is found in Vermont only at Highgate. These are all thoroughly
treated. The Trenton is rich in fossils and many are described and illustrated.

THE UTICA SLATE

The black slates or shales of North Hero, Grand Isle, Isle La Motte, Col-
chester, Juniper Island, Rock Dunder, Colchester Point, Appletree Point,
Lone Rock Point, Charlotte, and Shoreham are called by Hitchcock Utica slate,
and they were so regarded by later geologists. Later investigations have dis-
proved this. Dr. Rousseau Flower! of the New York survey states that the
Utica does not extend east of Little Falls, N. Y. Dr. Marshall Kay of Colum-
bia University, in a letter to the writer, states that “thc shales for several
hundred feet above the Glens Falls (Shoreham), limestone are Canajoharie.”
It is probable that all of Hitchcock’s Utica is also Canajoharie.

THE HUDSON RIVER SLATES

This is an obsolete term. The formation thus named by Hitchcock is prob-
ably Canajoharie or Lorraine.

THE GEORGIA GROUP

This name was proposed by Edward Hitchcock in 1861. He includes in it
“two (and perhaps three) terrains in Vermont” which are identified by their
organic remains: Barrandia (Olenellus) thompsoni and others. “The most
northern terrain is found in Franklin and Chittenden counties, originating
probably in Quebec. The second terrain is first seen in Cornwall in Addi-
son County. From thence it gradually enlarges, is several miles wide as it

1 Personal communication.
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lne(a)tvfejsii.lutlﬁnd Cg)untyf, and passes into New York. The third terrain, in whicl
1ls have been found, extends from Milt y X
1 . R to Starksb Tt
is from Georgia where the i o etion I where
. ' group is developed 1
the gf)St interesting fossils have been founé) o full proportions and where
18 second terrain is no longer classi 1 wi i
called i pomd terrain g assified with the Georgia Group, but is
(18;{;1;3 Gfl(_)l‘lgl?l group was involved in Ebenezer Emmons’ Taconic System
e HOO:\;Cui\ }0 rstt .1nc1ud§dhan };11‘6& of unfossiliferous rocks lying between
' untains and the Hudson River ; this, th hor clai
rightly), was older than the Potsdam : New York i dand
, sandstone of < i
upon the Pre-Cambrian crystallines. o ew York which rested
SonllrzliVern;?x;tl it eﬁten(iP?d from Richmond, Chittenden County, to the Hud
ver shales, and in Franklin County, fr he G tai .
0 Gjiver shales, and ty, irom the Green Mountains, across
. gia to the Hudson River shales. Th
ing the Taconic System, which Sch 2 '  great treitont ot o
: ‘ , : wchert® called “that great irrit
acknoxﬁedge{d ignorance,” lasted for some fifty years ar%d was slhz?;doifnul?-
n;acl)nyd m(;)rlcan and some European geologists. The Taconic System wal"sf
proved to be no system at all but a mixture of Lower Cambri '
proved to be ian and Ordo-
; To .c(?me back to northern Vermont: Hitchcock gives a section, some ten
miles wide, west to east through St. Albans townshi i ,
_ . . ship showing easterly-dippi
:ﬁrag gfslns Hudson R1v§r shales, upon which lie, apparently Con‘;'orni)fb;lg
u ed ef tham(i}rock (the Winooski dolomite or Dunham member), followed b{;
eds of the Georgia slate, and these by i : .
. . : , y the crystallines of the Green Moun-
?ms. 'Hdltchcock did not see the great thrust fault by which the Red sand(;cl)‘(ltjl'
lﬁ carrlfei over onto th?z Hudson River shales—a thrust which Sir V\/illiarr;
Logan first recognized in 1863 and which he followed from Quebec to Burl
:Eit%r;. LIt vwas late_r traced from the Gaspé Peninsula along the course of
the (.:h awrence Rn./er, and then south along or near the eastern shore of
F;iulet L;:.mplam and into New York. This is Logan’s Line or the Champlain
L WI:Ote uf‘, ;115 has alrea;)dyfbeeln noted, Hitchcock had no patience with faults :
: “There may be faults. The great difficulty arising in this view is.
: . y arising in this view is
‘élgitfzﬁtiaiult will 1r1<zt satisfy the opponent of this view. The theorist’s desiré
: n speculating upon these rocks is no more readily sati
miser’s desire for gold—the more h i e b wanee ! fan the
iser e obtains the more he w i
stinctively shrinks back from a th i i ot T
. eory involving numerous faults.” This was
a fa’tIz}l frame of mmfl for a worker in western Vermont geology e
<l o return to ‘Hltchcock’s section: “The Hudson River éroup is Lower
up;l:in) i(SOrfd(t)lvlcmn). The Re(.:l sandrock (apparently resting conformably
ot the age of the Oneida conglomerate or Medina sandstone (true

Lower Silurian d : . .
Silurian.” ), and the Georgia slate is still newer and therefore Middle

;Geol. of Vt., p. 436
Schuchert, Charles: Geol. Soc. Amr., Vol. 48, No. 7, p. 1005 (1937)
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This pronouncement called forth another great controversy, in which
Elkanah Billings.of the Canadian survey ; James Hall of the New York survey;
Joachim Barrande of Bohemia; C. D. Walcott of the U. S. Geological Sur-
vey ; Arthur Keith, also of the U. S. G. S.; Charles Schuchert of Yale Uni-
and others participated. A trilobite from Noah Parker’s farm in
Georgia (Parkers Cobble) was sent to Hall for identification; he named it
Olenellus thompsoni (in honor of Zadock Thompson) and placed it in the
Hudson River group (Ordovician) whereas it was really Lower Cambrian,
thus adding to the confusion® Walcott! finally showed that the Georgia group
consisted of Lower Cambrian and Upper Cambrian strata. Schuchert sug-
gested that “the highest Upper Cambrian, which is unfossiliferous, might be

Lower Ordovician,”
EOLIAN LIMESTONE

Dr. Hitchcock’s esthetic sense is outraged by the “low associations” of
some Vermont mountains : Tug, Hog Back, Snake, Rattlesnake, Camels Hump
(or Rump) and others, against which good taste reluctates. He suggests Mt.
Ophis for Snake Mountain, Mt. Crotalus for Rattlesnake, Mt. Leo for Cam-
els Rump (Champlain improved on this by calling it Le Lion Couchant, the
couching lion), and others. In this vein he and his students while on a. visit
to Dorset Mountain decided to rechristen it Mt. Eolus, hence the Eolian lime-
stone. This was unfortunate because the name connotes wind-blown deposits
which this is not—nor is it limestone but highly crystalline marble. The belt
is shown on Hitchcock’s map extending from Bennington to Colchester. In
the southern part it includes the Marble Belt of Brandon, Pittsford, Proctor
and West Rutland. In the ninth report of the state geologist, T. N. Dale de-
scribes and maps the marble belt and places it in the Ordovician. Cady? places
the marble deposits from Pittsford northward to Burlington in the Shelburne

marble formation of doubtful Ordovician age.
THE GREEN MOUNTAIN ROCKS

Hitchcock shows the Green Mountains on his map as consisting of a single
range whereas, from Rutland northward, there are several diverging ranges.
He gives their extension into Massachusetts as the Hoosac Mountains, and
notes that they continue “far north into Canada™ (as the Notre Dame or Sut-
ton mountains). He describes the composition of the mountains as Green
Mountain gneiss, bordered east and west by “talcose schist,” which is largely
sericite schists containing no talc. The names, talcose schist and talcose
gneiss, appear to have been given to any smooth, somewhat greasy meta-
morphic. Later investigations have shown that the Green Mountains are also
made up of various schists, gneisses, quartzites, amphibolites, granular quartz,
and lenses of marble and dolomite, intruded by granite and basic eruptives

1 Walcott, C. D., Am. Jour. Science, Vol. 35 (1888).
2 Op. cit,
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A roughly parallel belt of the Green Mountain gneiss, separated from the main

bel Yy a S l(lS mn the O ad O tlle tate El m l la 11a
t l) t IC()Se Chlbt exter S uthe st part f
p S s O 1 f X

SLATE

Hitchcock calls this clay slate but the “clay” i
y fl
shows four slate belts as follows: Y e
a. The famous roofing slate belt extending i
g in the southwest part of the
state frpm Cornwz}ll to'Sandgate. This Hitch®ock calls the Gelz)rgia slate
.though it has but ht‘tle lithologic resemblance to the slate of Georgia, which
is (llarg)ely ’Is‘}}llale. This belt was mapped and described by T. N. Dale (see the
ndex). e centers of the slate industry are at Fai
o e y are at Fair Haven, Castleton, Poult-
b. A narrow band of slate extending f
: g from Troy, Orleans County, south-
wetst to Moretown and again through Stockbridge, Sherburne andyBridge-
water. ,
c. A wider belt extending from New
‘ port, Orleans County, southward
through Orleans, Washington, and Orange counties. This ways named the
MemPh‘remagog slate by _C. H. Richardson (1908). In Montpelier and North-
field it is of roofing guahty and was quarried in the early part of this century.
d. The Connecticut River belt which extends from Burke, Caledonia
County, southward algng or near to river to the Massachusetts border. A
good deal of .the rock in the northern part of the belt is phyllite but excellent
roofing slate is quarried at Guilford.

His map

CALCIFEROUS MICA SCHIST

This' is the largest formation in Vermont. It extends from the Green
Mountains eastward to the Connecticut River and from Canada to Massa-
chusettss The name is unfortunate because it suggests an intimate association
of .the lime with the schist, whereas a large part of the formation is better de-
scribed as limestone (which is crystalline to a considerable degree) with inter-
-calat_ed beds of schist and phyllite. Hitchcock finds no fossils in it but, on
stratigraphic grounds he thinks it is probably of Silurian age. ’

In 1902 Charles H. Richardson, whose name runs through the index at
t.he end of this article, divided the calciferous mica schist into a Washington
!1mestone phase and a Bradford schist member, from type localities in Wash-
mgt.on township and Bradford, respectively. Later, in 1906, “Washington”
having been preoccupied, he changed the name to the Waits River limestone
and as such it has been known ever since. Richardson’s discovery of sup oseci
graptolites in the formation led him to place it in the Trenton. In 1943 Cl'll)arles
G. Doll' found a brachiopod mold in the mica schist of Whitcomb Hill, Straf-
ford quadrangle, a fossil which he believed was Spirifer murchisoni ;lnd in-

1 A Brachioped f; i i 2 .
679 (November, 1’1943)"“’“‘ Mica Schist, South Strafford, Vt.; Amr. Jour. Science, vol. 241, pp. 676-
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dicated a Devonian age for the strata in which it was found; but probably a
large part of the formation is Ordovician.

SACCHAROID AZOIC LIMESTONE

Mostly within the Green Mountain gneiss belt, and especially in the south-
ern part of the state, Hitchcock shows many small areas and one larger area
of limestone. The largest is in Plymouth township. Some, notably in Weath-
ersfield, have been worked for agricultural lime. These deposits have been
investigated by T. N. Dalel; he believes them to be “presumably of Pre-
Cambrian age.” They are not saccharoidal but crystalline.

ECONOMIC MINERAL DEPOSITS

Commercial mineral deposits of granite, marble, kaolin, slate, talc (for
which he uses the word steatite), verd antique, gold, and other minerals are
either plotted on his map or described in the text. Dr. Hitchtock is over en-
thusiastic in his plotting of “gold in alluvium” for he shows this along many
of the streams in and west of the Green Mountain region, giving the impres-
sion of a veritable Eldorado which is not borne out by the facts. Although
gold in Bridgewater once gave some promise of being economically valuable,
gold in commercial quantity has never been found in Vermont.

STRUCTURES

Dr. Hitchcock pays rather scant attention to the lithology of the mountains
of the state but is much impressed and uplifted by the beauty of the landscape
as seen from their summits.

He gives a section across the Green Mountains, from Wallingford to Ply-
mouth, showing a great anticline made up of his “talcose conglomerate” and
other metamorphics, resting upon the Green Mountain gneiss. The steeper,
westerly dips indicate that the anticline is somewhat overturned to the west.
By projecting the dips across the section he gains an idea of the amount of
erosion that has taken place : about 8000 feet at Mt. Holly.

Some of the sections (I to XVIII) show the anticlinal nature of Mt.
Mansfield, Camel’s Hump, Jay Peak and others. But the Mansfield section
shows the steeper dips to the east, which is incorrect.

As a result of his thirteen sections Hitchcock is able to establish the fact
that the Green Mountains “consist of a large number of anticlinals and syn-
clinals” (in modern parlance, an anticlinorium). One anticlinal runs along
the crests of the mountains ; another is found in the eastern part of the state,
in Windham and Orange counties, and so on. These structures he attributes
to “a crumpling force coming from the southeast which has folded the strata
together and actually thrown them over, so as to produce inverted dips.” . . .
“Since the time of disturbance and plication, the tops of the folds have been
worn away, so as to leave only the outcropping edges of the strata in sight.”

1 Dale, T. N.. The Calcite Marble and Dolomite of Eastern Vermont: 9th Rpt. Vt. State Geol.
(1913-1914), pp. 224-276.
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FAULTS

Dr. Hitchcock’s contempt for faults has already been cited (p. 30); for
the structure which we call thrust-faults he uses “inverted dips”—that is, folds
that have been overturned so that after erosion has taken place the older strata
overlie the younger.

But in his section of Long Rock Point, just north of Burlington harbor, the
reddish Winooski (later called the Dunham) dolomite rests by thrust upon a
shale and no amount of “inverted dip” woild explain it. This thrust is plainly
shown in Section X. Also in Section X1II the thrust fault by which the Red
sandrock lies upon the Hudson River group is plainly seen but is not appre-
ciated by Hitchcock. This thrust, it will be remembered, led to the confusion
regarding the age of the Georgia Group.

Dr. Hitchcock visited most of the mountains of the state. His esthetic
sense is uplifted by the panoramas afforded from their summits but he has
nothing to say of the rocks and structures upon which he stands.

CHEMICAL ANALYSES

A few chemical analyses of ores, kaolin, marble, and limestone are found
in Adams’ second report (1846) ; they were made by Denison Olmsted, Jr.
But by 1861 such work had evidently come to the fore for Hitchcock gives
many analyses (made by Charles H. Hitchcock) not only of ores and other
minerals but also of rocks: verd antique, talcose, schists, granite, porphyry,
dikes and the Red sandrock. T. Sterry Hunt of the Canadian Survey had
shown that “talcose schist” was a misnomer since it “was almost destitute of
magnesia, alumina being present in a large percent in its stead.” These early
analyses were often faulty, being too high in alumina and too low in magnesia
owing to the inaccurate separation of these two compounds.

Dr. Hitcheock is interested in all sorts of things and phenomena : beaches
and terraces (over 60 pages), frogs and the frozen well at Brandon (16
pages), ancient sea beaches and the fossil whale of Vergennes, lake ramparts
arts, purgatories, caverns (““This continent has been again and again beneath
the ocean”), clay stones, the law of concretions, lakes, falls, railroads, and
other topics. The work is profusely illustrated with small cuts and large wood
engravings of the principal scenic features of the state.

The style is verbose, the subject matter poorly arranged and rather inade-
quately indexed. Although a good deal of the work is now obsolete it still
contains much useful material to the discriminating reader.

Dr. Hitchcock’s admiration and affection for Vermont is shown in his con-
cluding remark to his preliminary report of October 1, 1859 : I cannot, there-
fore, but look upon Vermont as a giant whose full proportions and strength
are as yet in a great measure undeveloped; and in this, which is probably my
last literary labor, I cannot but pray that God would continue to prosper and
bless a State so strong by nature and so rich in noble institutions.”

— L ——
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THE STATE CABINET

In 1848 the legislature passed a joint resolution yvhich provided: “t'll‘h:%t all
collections of minerals, field notes, and all preparations am.assed by the S tatt)e
Geologist for a final report be brought to'gethe.r by some suitable p;rston, ‘tcﬁine
appointed by the Governor, and be deposited in the State House', tha }rllo g
be lost and that the State may have the benefit of these collections w enever
the State shall deem it expedient to prosecute the Survey to completlon.f .

As already noted, Professor Zadock Thompson was given chac;ge P? tﬂlS
work and partly accomplished it but he Fhed before it was ﬁ{nshe . torT 112
reception of the collections roomdN(l). 14 1111 t?‘e state house was set apart.

S S in 1857 destroyed the collections. ‘
Stati\trllzltllirﬁ;s;r?l was provide{l in the present state ho‘use and in it Profesfsor
Edward Hitchcock arranged the new collections of minerals, rocks, anq 0s-
sils, which he and his associates had accumulated. T_he rocks from the thlrt;,e-n
seciions were arranged and placed upon the shelves in the exact order of their
occurrence in the state. Besides the geological exhibits, specimens gepr}fsent-
ing the mineral resources of the state—granite, m'flrble, slate, tajlc, an dotd e;rs——
exhibits of mammals, birds, reptiles, and Indian implements were ad e ; rom
time to time. The fossil whale from Charlotte, tlzle; only one of its kind ever

1 1 i untry, was, of course, outstanding.
dlscz\llng ll)n ?I;ngg wasyappointed curator of 'the. cabinet in 1859 and so con-
tinued till 1870 when he left the state. Since his time Vermont state geologists
rators of the cabinet. .
hav%\?l]lse(:lbtf:: ;:tl;te house annex was erected in 1?18 tche state cabinet waj
given very inadequate quarters in one end of the H1st0r1ca‘1 Society room Zm
in the narrow hall leading to it. There was 1o opportumty_ properly to 1}5{-
play the rock collections and so they were discarded. Protessqr George H.
Perkins arranged the exhibits to the best adyantage ux'lder the. c1rcums}:a?ces.
The present state geologist has added material from time to time, both from
vithi tside of the state. .
Mtt'lllaea::bic;lit is fairly representative of the state and is attracting the atten-
tion of visitors to the capitol and especially of the schoql children. o .
In the seventh report (1909-1910) Professor .P.erkms has an illustrate

article of 735 pages on the state cabinet and its exhibits.

ALBERT D. HAGAR

Professor Hitchcock died in 1864 and Albert D. Hz}gar was appomt;:ld
state geologist and curator in the fall of t‘hat year. ']ihe bll.l Prowdmg ’fort‘tt1 €t:
resumption of the survey had the following clat.lse: Prc.)v1dmg however ha
in no case and under no circumstances shall said gf:ologmt charge. or receive
from the State anything for expenses, but in accepting such o.fﬁce it 1s under-
stood that he looks to his employers (?) for any ‘compensa.tlon that he maz
reasonably deserve to have for professional services by him so r.endered.
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It is evident that the legislature consi
and I_tIhalt the title of stfte geologist irgzr;jnt:;tr tc}jzij:; rey ha been completed
agar, as has been noted, continued with his work' i

republished that part of the 1861 report which he hadoélo;liiilc)i?:clie't.EcIjr? alS_O

Geology and Physical Geology and Scenery ; but he published no ne.w re OTIC

how could he, save at his own expense? It is not surprising that he 1 flt)o\l;'ﬁ

mont to accept a position on the Iowa survey, ) -

) In }_ns state geologist’s report for 1921-22 Professor G. H. Perkins states:
At this time, and for several years after, the title (of sta‘te geolo istal esd.

cu'rator) was only a name. All that the Geologist was expected to d " or wa

paid anything to do, was to care for the State Cabinet.” oo

H. A. CUTTING

forli§.7 E-Iaﬁ:i (liél;‘gngrwveguigggztti in IE‘8A70 tﬁ Suc.ceed Hagar. In his report
. es: iati

legislature to .enable me to examine the mir?irfgegsc:isorrlls oafp It)}r1ce):pgtaattle(t) e
to co’l,lect statistics of the same, I am of course unable to give a deyﬁgit e
port.” He notes “the hard times” of that period (following the n'e ret:
1873) but states that the marble industry is on the increase Fuxgj}ll N ﬁ

stresses‘the excellence of Vermont granite and mentions the qliarries fe r]Eil 5
Mountain, Ryegate, Barre, Craftsbury, Brownington, Newport KirbO V'ue
tory, and Brunswick. Most of these are no longer acti;re. In the, state cy;b' o,
he is able to note an increase in the number of specimens. He enumer tmet,
good many mounted birds which have been added to the cabinet, as 3161:S s
blrds_ eggs, shells, and skeletons of Vermont mammals. Under ’entorvlizl :S
Cutting goes extensively into the ravages of insects in the state includo'by
potato beetles, squash beetles, tent caterpillars and many others F(;r fm%
these insects he gives the life histories and proper insecticides . e

T 1ter haS not beell able to leatll Why DI. ttin eit t Ve} b
he WTI (/u g 1 he sur ut

GEORGE W. . £RR”

. The Rev. George W. Perry succeede ing i i
in office till 1898 when, on acco};mt of ill k?egtz, ggt;gtlﬁ‘;crll 1686 and continued
.Mr. Perry made two reports. In the first, 1888, he notes that “An exami
nation ‘of the statute by which this office was created and under which 'tl'l_
mamtgmed, makes it evident that the intent of the act was the develo men]t 1;
the. mme.ral. resources of the State rather than the advancement of 1;ci 0”
With this in mind he visits the centers of the state’s mineral indust?iqecse'
s@ate, granite, marble, copper, iron, soapstone—and gathers data of prod -
tlon‘. In 1888 these substances had a value of $2,448437. Fort -ﬁ\i Ocolrlr(i-
E;rrllxeznzlepo%ed tq him an aggregate capital of $5,234,500, empl}(;yed 4,045
I, paid out in wages $1,550,517—an everage of $383 per man per year!
n regard to the iron industry, Perry states that: “The low price of i
produced where fuel is more plentiful long ago put out all the furnace ﬁrrOeI;

W ¥
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in Vermont and now the abandoned shafts are found with difficulty. There
is no hope that the mining of ordinary iron ore will ever again pay in this State.”
He notes that in the new process of steel-making (the open-hearth process),
manganese is in great demand and that the old deposits in South Wallingford,
which carry a good deal of manganese, have been reopened and worked at a
profit. (This was later called the Kinny-Cobble mine which was worked by the
Carnegie Steel Company for several years in the early 90s.) He speaks of
aluminum, “a comparatively new and strange metal which is destined to rev-
olutionize the metal world,” and thinks that the Vermont green slate may be
used as a source of this metal—a vain hope.

In regard to the state cabinet, he states that there is the beginning of a
fine collection but that the appropriation for it—two hundred dollars a year—
is hardly sufficient to keep it in order. Furthermore, that there should be
complete sets of specimens of the granites and marbles of the state. These
were later added.

In his report of 1889 Mr. Perry again gives statistics for marble, granite,
slate, limestone, brick, and soapstone. The companies producing these ma-
terials have a capital of $7,330,710, employ 5,324 men, and expend for wages,
$1,781,955. The total value of the output is $4,275,851. Comparing these
data with those for the preceding year, one notes an increase of about 42 per-
cent in dollar output but an average wage of only $335 per man per year.
What the “take home” wage was we have no means of estimating.

“In writing of the cabinet Mr. Perry states that “the collection of Vermont
birds has been greatly enriched by a large number of specimens many of them
very rare. The cabinet contains at least one specimen of every species of birds
of prey found in the State.”

Finally he makes the surprising statement that “nearly all the larger ani-
mals found wild in Vermont have been added to the collection”! This sug-
gests a “zoo” rather than a cabinet.

In regard to stipend, Mr. Perry says that “Not one dollar is appropriated
for this office, and provision is not made for even postage and stationery.
Under such circumstances how much ought to be expected in results?”  And
still he continued in office till his poor health forced him to resign—truly a
labor of love and devotion.

The survey had sunk to a very low ebb when, for reasons unknown to the
writer, the legislature decided to rehabilitate it. A new law to this end was
enacted and Governor E. C Smith, or others in authority, invited George H.
Perkins, professor of geology in the University of Vermont, to assume the

office. He was appointed state geologist and curator of the cabinet in 1898
and continued in office till his death in September 12, 1933, a tenure of 35
years. .

GEORGE HENRY PERKINS

Mr. Perkins was born in Cambridge, Massachusetts, on May 25, 1844. He
was of New England ancestry with a long and honored line of descent through
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George H. Perkins

a}(;t: ;fagtil:(t]‘ alzd n;ot;]e]r. CH]iS father, Frederick Trenck Perkins (1811-1893)
uate o1 Yale College and a Congregational mini i ‘
A ster.  His mother
was Harriet Thomson Olmsted, a ni . Denie
Bex : ; ece of Professor Denison Olmsted wh
was :Esoaated with Cha.rles B. Adams, the first Vermont state geologist e
o Cte]li two years residence at Knox College, Illinois, Mr. Perkins entered
a le ollege yvhere h(; was fortunate in studying under J. D. Dana, the famous
geologist ; Wlllar(‘i Gibbs, the eminent physicist ; and others. ,
ated w1t}'1 honors in 1867 and received his doctorate two years |
; Perkins came at once to the Universit
till 1881 when he became Howard profes
g§atr;1 ot;jth.e department of natural sciences. In 1907 he became vice-president
o WZS mvetrsuy.f Il-Ie was acting president during 1917-1919. For 56 years
vas curator of the university museum and brought to i
specimens from his extensive travels. e

The university conferred on him the de f i
. li7ls i
College gave him its Litt.D. in 1912. o i
Professor Perkins became a fellow of i i
: the Geological Society of Ameri
in 1902 and was also a member of other learned societies. To )tlhese h?ecrcirclil

tributed many papers on b 7
v geofo g;; ‘p n botany, zoology, entomology, anthropology, archaeol-

He was gradu-
ater.

y and taught botany and zoology
sor of geology and was appointed
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As state geologist Professor Perkins entered upon his duties with great
zeal. He inaugurated the publication of biennial reports, which is still being
continued. :

Perkins’ tenure might be called a golden age in Vermont geology. -During
this time a special appropriation for printing state reports enabled him to pub-
lish, not pamphlets but sizable octavo volumes which contain, besides his own
articles, papers by eminent geologists from other states who were attracted
to Vermont by her varied and intricate geology. These contributing geologists
inelude T. Nelson Dale and Arthur Keith of the U. S. Geological Survey ;
H. L. Fairchild of the University of Rochester; C. H. Hitchcock and J. W.
Goldthwait of Dartmouth College; B. F. Howell of Princeton University;
P. E. Raymond, J. B. Woodworth, and J. E. Wolff of Harvard University ;
and others. The index at the end of this article records the titles of their
papers.

Professor Perkins’ biennial reports cover the years from 1897-98 to 1931-
32, inclusive, eighteen volumes in all.

The subjects treated include mineral deposits and their origins, which run
through all the reports; preliminary areal mapping, mostly reconnaissances ;
structural geology, physiography, petrology, metamorphism and hydrology.
Most of the work has been done in the lowlands; the Green Mountains and
their metamorphic rocks were anathema to the early geologists and received
scant attention.

Among the outstanding papers are those of G. H. Perkins on the Brandon
lignites and the fossil whale (Delphinapterus vermontanus) ; C. H. Hitchcock
and J. W. Goldthwait on glaciology ; T. N. Dale on the granites and marbles;
H. E. Merwin on the post-glacial shorelines of northwestern Vermont; J. W.
Eggleston on the eruptive rocks of Cuttingsville ; P. E. Raymond, H. M. Seely,
and E. J. Foyles on paleontology ; Arthur Keith on the division of the north-
western fault-blocks into sequences; Robert Balk on the structures of the
granite in Bethel, Barre, and Woodbury ; B. F. Howell on the Cambrian fish-
plate and other fossils ; G. W. Bain on history of the Green Mountain front;
and J. E. Wolff on Mount Monadnock, Vermont.

ELBRIDGE C. JACOBS

The present state geologist took office in September, 1933 ; he has pub-
lished six reports including that for 1945-46. :

The 1932 legislature provided that state officials include the cost of pub-
lishing their reports in their budgets which, in the case of the state geologist,
had also to bear his per diem remuneration, cost of travel, subsistence, and even
his postage and telephone calls. The total budget of the geologist was $1,200
a year. This necessitated the publishing of pamphlets, the largest of 155
pages and left no funds for the employment of assistants. A few articles by
other geologists were contributed without charge or purchased for nominal
sums. In spite of this handicap it is believed that valuable contributions to
the geology and mineral industries of the state have been made.
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Of course the position is a part-time job, as it has always been. It has
been held mainly by college and university professors whose chief income
has been gained by their academic duties.

On account of the lateness of his appointment the present geologist’s report
for 1933-34 is wholly devoted to a survey of the state’s mineral resources
and production. This mineral production exceeds that of all the other New
England states and information concerning it is in much demand.

In the report for 1935-36, besides “mineral production,” an article entitled
“An Account of Vermont Geology” is given. This paper, written as far -as
possible in non-technical language, endeavors to present briefly the common
minerals and rocks of the state and the structures, physiography and chief
geologic formations, with their geologic ages. It was written especially for
the school children and for the general reader.

At about this time small collections of minerals and rocks, supplemented
by an explanatory pamphlet, were prepared for distribution to the schools. It
is regrettable that the educational authorities have not seen fit to cooperate
with the geologist in providing suitable receptacles for these collections and,
furthermore, that in this state, so wonderfully rich in its geology, greater at-

tention is not paid in the schools to this fundamental subject. ’

In this report Professor C. G. Doll has a most interesting account of a
glacial pothole far up on Burnt Rock Mountain in Fayston.

In the twenty-first report (1937-38) a technical article on the geology of
the Green Mountains of northern Vermont is found. It treats of the physiog-
raphy (better called geomorphology), stratigraphy, structure and metamor-
phism of the mountain rocks together with chemical analyses and petrologic
studies. This paper is, of course, in the nature of a reconnaissance and will
later be supplemented by detailed areal mapping.

In this report, also, Professor Doll has a study of the structure of Clay
Point in Colchester, a most interesting bit of geology. Professor Howell of
Princeton University presents a study of the Rugg Brook formation of Frank-
lin County. The final article by the late Professor C. H. Richardson, entitled
“The Geology of Vernon, Guilford, and Halifax,” appears posthumously.

The 1939-40 report is devoted to a full account of Vermont’s economic
minerals and rocks, including data of production, dollar value of the products,
and number of men employed.

The report for 1941-42 is largely concerned with glaciology : “The Great
Ice Age in Vermont,” and Prof. D. H. Chapman’s “Glacial History of Lake
Champlain.  Professor Doll contributes an article on an abandoned stream
valley in West Charleston.

The reopening of the Vermont copper mines in 1942 was
event in the state’s mineral history.
back to 1793 is given.

In the 1943-44 report the geology of the Elizabeth mine, which is now in
active production, is considered and the present practise in mining and milling
is presented. As the state’s contribution to the Vermont Copper Company,

an outstanding
A review of the copper industry going

—n s~

——
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Professor Doll spent a long field season in §tudylng t.he. Stsravf\f]gghq;?;;arr;gils
and produced an areal map, with accompanying descriptions,
thlSITCP;) r:l' ing the long series of reports dating from 1898, the wrxte(:lr tﬁ'r;ds
B fl'llle)::\ great deal of geologic information has been published, de aldee-
o ‘1c t?c mapping has been lacking—this on account of veryk}ng ;
e appro riations. Of all the forty-six states carrying on some Xin tﬁ
qualte ?pzﬁ:‘gle s no;le has appropriated so little as Vermont. Bgtt.onS Off:
g:glggilgt’s earr};e;t representations to the 1945 1651151?;11:;; 255;?52: vlé)r;n o
5 and $4,000 for 1946 were granted.
$2)sos(i)gle{ (;;el?gntinuaggn of areal mapping b.egun by Professo}r} Doll. -
e Professor Doll has completed the mapping of the Me(rin% refr:s;go rg \([1 T
rangle which will appear in the 1945-46 report. Hﬁ an Pre(; . quadra.ngle
Booth, of Brooklyn College, have nearly completed the Jay
e gl ? partbOfdth(fflsgeti)ef;ilicrllesijzgnd‘iscovered; it may con-
1 e bo
in s thlSt q:l: dt;a;lzgtl)er ngzgtos, al}t,hough this has not yet been proved.Alb
talnTS}?: pie(:en’t pla,lil is to complete the northern tier 'of quadra_ngles d S;ch X :;1:-,
Enosbufg Falls, Irasburg, Island Pond, and p0§s1b1y Ave;m;einbecai Lo
tinue southward. This approach to the mapping v;)as fcessor e
known formations of southern Quebec, mapped tc)ly {rsmish Step.ping Clarle
of the Canadian Survey, cc).n‘tinue into Xer:;o:l:razltatseo
© ﬂ;)e CC}‘J“P\}\‘;X éﬂ?r;‘;fg?;hie{;“ SSr (éejlogical Survey has mapped' a part olf<
the Bi;rré quéldrangle and Dr. W. Nil Cady oIf) 1-thE:: as;}r}n;assu;\éi}é ;snaitm vgrogs_
i rmore, .
civ M 1\1/5?:tr[::li;nqgug:}.l:?snﬂet‘helrl\;[lirlttoi, Burlington, Middlebury-Port Henry,
ﬁsézzr:):l(();-’l‘icongeroga, and Castleton-Whitehall quadrangles; so that a very
ood beginning in the state-wide mappin'g has been rr}ad& - devontly to
¢ If li%eral appropriations by the legislature continue, as it is - }f,ur_
be hoped that they will, we shall even.tually havg the wcllloclle tsta;cz rm:gpacc,urate
ther economic minerals discovered, if they exist, an g a :010 e
eologic map of Vermont obtained. . A state’ of Vermon8 6S1g‘ ng e
ghould surely have such a map; Hltctlcock.s map of 1 is, ,
zut of date and, moreover, is no longer obtainable.

CHARLES H. RICHARDSON’S WORK

No account of geological investigations in Vermo.ml:1 wzulctl] be at all com
lete without a statement of the work done by Dr. Ric Zg 5?862 Richardson
i Born in Topsham, Orange County, Vt., September 26, 5 11’ tichardson
on his undergraduate degree and doctorate at Dartmouth' ol] teg wnd was
Yi“(r:or many years professor of mineralogy at Syracuse U;ulv.ersiJ r);;mers (vas
devoted to the geology of his native state and spent most o 1\/}15 s immers Jrom
1901 to 1937 in studying a belt of rocks east o? th.e Gre;;l oun
tending from Quebec to Massachusetts. He died in 1935.
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In Irasburg Dr. Richardson believed that he had discovered the basal con-
glomerate which formed the geological boundary between the Cambrian rocks
to the west, and the Ordovician rocks to the east. This he named the Iras-
burg conglomerate. The belt he followed was included in Hitchcock’s “calcif-
erous mica-schist” which the 1861 map showed to be the largest formation
in the state, extending from the Green Mountains to the Connecticut River
and the entire length of the state. Richardson separated this old formation
into the Waits River limestone and the Bradford schist, but the latter name
being preoccupied, was changed by him to the Vershire schist. In the north-
ern part of his Waits River limestone he named the included slate the Water-
ford slate and the Montpelier slate. Again, the latter name being already in
use, Richardson changed it to the Memphremagog slate.

Professor Richardson established his Missisquoi group of rocks which
he stated formed the most easterly members of the Cambrain. They consist
of impure limestone, sericite schists and sericitic quartzite, chlorite, horn-
blende and muscovite schist, and some gneiss. He followed them from Quebec
to the latitude of Athens, a distance of some 150 miles, and considered them
to be of lower to middle Ordovician in age.

Richardson’s studies took him across the townships of Troy, Newport,
Irasburg, Craftsbury, Greensboro, Hardwick, Woodbury, Calais, East Mont-
pelier, Montpelier, Plainfield, Orange, Northfield, Roxbury, Braintree, Wash-
ington, Randolph, Bethel, Barnard, Pomfret, Woodstock, Reading, Cavendish,
Baltimore, Chester, Springfield, Grafton, Rockingham, Athens,. Westminster,
Brookline, Putney, Halifax, Guilford, and Athens—a very large area. In this
work he named a large number of minor formations, and located many acid
and basic intrusives.

The designation of the Waits River formation, the largest in the state, as
Ordovician (lower Trenton) was based on his discovery of crushed graptolites
whose authenticity has been seriously questioned though Ruederman, of the
New York survey, thought that some of them were authentic. At any rate
the formation was generally believed to be of Ordovician age.

Doubts of the validity of the Irasburg conglomerate have been cast by the
work of Currier and Jahns of the U, S. Geological Survey! who believe that
this conglomerate is not basal but intraformational within the Waits River
limestone. The late Arthur Keith also doubted the basal nature of this con-
glomerate. The writer thinks that the true nature of this conglomerate is still
in doubt.

In any case Professor Richardson’s far-extended reconnaissance work de-
serves a great deal of credit. It is hoped that detailed areal mapping of the
state will ultimately settle many problems in Vermont geology. Some years
ago Professor Doll, working on the Waits River formation in Westmore,
Orleans County, discovered fossil crinoids, cystoid‘calyces, and two gastropods,

1 Ordovician Stratigraphy of Central Vermont: Geol. Soc. Amr., vol. 52, p. 1487 (1941).

which showed that this formation 'is
and very possibly of Lower Devonian age.

found in the crystalline schists of
Memphremagog formation, “a single deter
fer murchisoni, o
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“at least as young as Middle Silurian
»1

in hi i f the Strafford quadrangle (1942-1943)
e e L) 3Vhitcomb Hill, immediately east of 'gh.e
minable brachiopod, probably Spiri-

: ; : o
§ Lower Devonian (Oriskanian) age.

Further fossil discoveries will be eagerly awaited.

REV. AUGUSTUS WING

onnection with the Vermont survey,
d so fundamental that space should

Although Mr. Wing had_ no official ¢
his geological work was so important an
be given it in this report.

Augustus Wing was bo
He prepared for college at

1 Doll, C. G., A Paleozoic Revision
ah el . G., A brachiopod from Mica Schist, South Strafford, Vt.:

2 Doll, C
pp. 676-679 (November, 1943).

rn in Rochester, Vermont, November 19, 18((1)8.
Burr and Burton Seminary, Manchester, gradu-
in Vermont: Amr. Jour. of Science, vol. 241, pp. 57-64 (Janu-

Amr. Jour. Science, vol. 241,
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ated from Amherst College in the class of 1839, and studied at the Andover
Theological Seminary from 1840 to 1842. But he soon turned to teaching
and was principal of several academies and high schools. Professor Seelyl
wrote that: “His pupils never forgot his impressive ways of instruction.
Thought stimulated, investigation undertaken, individual judgment exercised
were, in Mr. Wing’s estimation, of far greater value to the pupil than the
acquisition of many facts from printed pages.”

His avocation was geology “which became first the prominent and later
the all absorbing topic ; the constant theme of his study and investigation. All
available time and means were made contributors to the great object of solv-
ing self-imposed geological problems.”

Wing’s chief investigation concerned the structure and geologic age of the
crystalline limestones of the Otter Creek Valley, between Rutland and Monk-
ton and from the Green Mountain quartzites to Snake Mountain. This area
was included in Hitchcock’s Eolian limestone (see p. 31) of which Hitch-
cock “quite despaired of fixing the age.”

Mr. Wing worked on the problem for ten years (1865-1875), traversing
the state on either side of the Green Mountains and extending his investiga-
tions into adjoining states. He found that “the rocks of the area were so
folded and broken that their true position was uncertain ; while the fossils, in
the partly metamorphosed rocks, were so obscure that identification was diffi-
cult.”  Elkanah Billings of the Canadian survey helped Wing in their identi-
fication,

As the result of his ten-year research Mr. Wing was able to state that the
rocks of his area lay within a great syncline which contained also subordinate
anticlines and synclines—in modern parlance, a synclinorium. On the east
he found the synclinorium bordered by ridges of quartzite (the Cheshire of
Lower Cambrian age), while on the west lay the Snake Mountain (Cham-
plain) thrust block with the Lower Cambrian Red sandrock on top. Wing
found that the synclinorium plunged to the south while its “nose” was out-
lined by the converging Cheshire and Monkton quartzites at Monkton.

Wing discovered that the “Eolian limestone” was not a single formation
but was made up of Lower Silurian (that is, Ordovician) Beekmantown,
Chazy, Black River, Trenton and Utica (?) beds, and that these formations
occurred also to the west of Snake Mountain. '

Seely? wrote: “It was a rare day to Mr. Wing when he secured the promise
of Professor Dana to look into the facts, the basis of his (Wing’s) theory. . . .
It was the climax of his life when Mr. Wing met Professor Dana and a party
of geologists at Great Barrington, Mass., and there began to unfold his theory,
verifying each position as they traveled through the Berkshire hills and Hoosac
Valley, and made their way north, traveling the entire length of his native
state, crossing and recrossing the Green Mountain range, by which time his
theory had given place to a deep conviction that it was correct.”

1 Scely, H. M., Sketch of the life and work of Augustus Wing: 3d. rpt. Vt. St. Geologist (1903-

1904).
2 0p. cit.
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e never published his vyork but Pro-
ap and cross-sections. He re-
e amid the duties of teach-

i ied i 876. H
Ir. Wing died in January, 1 :
1\’: Danzﬁ did so, with accompanying m

ing, accomplished vastly more for‘the elucidat,i’on o
}Dege’n done by the Vermont Geolloglcal S'urvey.
Of course this was written in 18771

THE TOPOGRAPHICAL SURVEY
the state of Vermont

1 nd :
For many years the U. S. Geological Survey a B ! comtibut

have cooperated in surveying the state topographically,
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Amr. Jour. Science, Vol. 13, pp.
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heds of oot oA Burt ool XVI:
Bennington, origin of ... e I1V: ;6‘;
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%ﬁif;e’i;ay' (South Hero] 121 GH .P.e.r.k.lfl.s .................. XIV: 105
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Kemp, James F. oooovveiniieanraas et }7}2 ; 233
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Lakes of Caledonia LoDy - """ {1 Perkinis ....ooooooiieeiiiss XI: gg

Lakes and ponds of Vermont ... C. H. Richardson .......c..oceen.. &: J
in Essex County .........---- C. H. Richardson ................ X
@n Greensbo:‘:o t .......... C. H. Richardson ................. IX: e
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marblet?ne.s'“””“”HH”:: .......... G.H. Perkins ....ooovvviiiiiinnnn
serpentines ..........e.ee-

B e eee e eeeeeeseanneseeneeene C. H. Hitcheock .......ooovneen VIL: 203
Basin e G. H. Perkins .........cooiinninn VI: o
River oo H.E. Merwin ...oovvvniiininnn. V: T

dfta oo C. H. Hitchcock ...ovvovieneennns :
Valley vovnvniiriai e }/}% g;
CN.Dale oo P 12

Landon marble quarry ..........eeiiaenes ’(I:; II:II P:rf( SR ST

Leaves in lignife (Brandon) ..........oe-- . H. e

Leifestex;(:llunctlon, ..... G. H. Perkins ........oovoiiin %H gSO

i A0S« Ins oo :

:)Tllf in the limestone ........... . RS G. H. Perkins ... e AL 350
Lesquereux, Leo, on the Brandon fossils. .. G H Perkm> ................. RASR
Liberty Hill granite .......c.ooivineneeee. . H.



66 REPORT OF THE VERMONT STATE GEOLOGIST
Author : Vol. Page
Light,
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Cloud Italian marble .................. G. H. Perkins ................... IX: 202
Columbian building marble ............ G.H. Perkins ................... IX: 202
Florence marble .................... ... G. H. Perkins ................... IX: 202
Green cloud marble ................... G.H. Perkins ................. .. IX: 202
Ivory green marble ................. ... G. H. Perkins ................... IX: 202
Moss veined marble ................... G. H. Perkins ................... IX: 203
Rutland Italian marble ................. G. H. Perkins ................... IX: 203
Sutherland Falls marble ............. .. G. H. Perkins ................. .. IX: 203
Veined Rutland marble ................ G.H. Perkins ................. .. IX: 203
Lignite in Brandon ....................... G. H. Perkins ................... IV: 154
Vi 188
T. Nelson Dale .................. IV: 163
microscopic structure of ................ Jeffrey and Chrysler .............. V: 195
Limburgite, Thetford ..................... C. H. Richardson ............... IIT: 93
Lime-marble quarries, Rutland region ...... T.N.Dale ..........coooiin. .. IX: 141
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analysis, SWanton ..............coiiiiiiii IT: 32
deposits of western Vermont ........... G. H. Perkins .................... IT: 30
origin of ......... ... ... . L. T.N.Dale ..................... IX: 13
Lime industry in Vermont ................ E.C Jacobs .................. .. XI: 158
Listavena marble ......................... G. H. Perkins ................... IX: 204
List of topographical maps in Vermont... ... E.C Jacobs .................. XXII: 65
List of Vermont marbles .................. G. H. Perkins ................... IX: 183
Little Ascutney, n0te onl .......viuvriuiniiinneninennn LT IIT: 92
Lividomarble ............................ T.N.Dale ...................... IX: 204
Logan, Sir William ................... ..., ol VI: 80
Long Trail in the Green Mountains ................oooeuennnnn XX 113
Lowell,
ashestos in ... i, G. H. Perkins ................... VI: 53
VII: 322
serpentine in .......................... V. F. Marsters .................. Iv: 87
X: 286
McBride Bay, South Hero ..........ooiiiiiiiiiiee i IIT: 122
McClure, William ............o.oooiiiiiiian e XIII: 14

McDonald and Cutter granite quarry ...............co................. VII:
McGarry marble quarry

.................. 111
McGerrigle, Harold W. .............. oo oa,.,,, 179
Machines for working,
BIAMite ..ot 41
marble ... 220
slate L. 15
Magnetic iron ore analysis (Bethel) 73
Magnetic treatment of copper ore ......... IV: 63
Mahogany marble ....................... G. H. Perkins ................... IX: 205
Mallett dolomite ......................... A . Keith ...................... XIV: 113
Mammals in the State Cabinet ............ G. H. Perkins .................. VII: 4
Manchester,
blue marble ........................... G. H. Perkins ................... IX: 205
clouded marble ........................ G. H. Perkins ................... IX: 205
white marble .......................... G. H. Perkins ................... IX: 205
Map (geologic),
Barre District ........................ E.C. Jacobs .................. XXII: 6
Berlin ... C. H. Richardson ................. 23 0122
Calais .....oooiiiiiiiiiin ., C. H. Richardson ................. X: 110
Grand Isle ............................ G. H. Perkins ................... IV: 103
X: 216
Greensboro ..........oii C. H. Richardson ................ IX: 278
Hanover quadrangle ................... C. H. Hitchcock ................. VI: 160
Hardwick ............ooo oo, C. H. Richardson ................ IX: 318
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VII: 332
IX: 1
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XVIII: 329
J. Dale oot IX: 54
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belts in eastern Vermont ............... T.N.Dale ......... S ?6?
INS veineereecennnnnns IX:
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D. H. Chapman .........oove XXII\IT.. pot
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(also Geology of Vermont, 1861, 167,
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Marsters, Vernon F., V: 35

on asbestos R PRSPPI IvV: 86
on serpentine ..........oeeceienieeiee o
Memphremagog, ... C. H. Hitchcock «vvvvroeeneeeee: L
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glacial 1aKe ... .ooenenoaens e VIIIE 2?
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XVI: 231
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marble ... ... .. ... o T. N.Dale ...................... IX: 236
SETIES ...t C.L Whittle .................. VIII: 88
Merwin, Herbert E. ............... ... .. . ... -l rnoooroeee VI: 113
to VI: 138
Metamorphism,
in Green Mts. of N. Vermont .......... E. C Jacobs ................... XXI: 26
XXI: 67
in Strafford ........ ... ... ... ... ... E. C Jacobs ................. XXIV: 37
near Rutland ............ ... ...... ... E.J. Foyles .................. XVIII: 363
Middle Cambrian, fauna of in Franklin
County .....covviniiinn . G. H. Perkins ................... VI: 209
Middle Chazy in Grand Isle .............. G H. Perkins ................... I1I: 127
Middlebury,
geology of .................. .. ... ... H. M Seely .................... VII: 301
marble ............. ... . ... ... ... .. T.N.Dale ...................... IX: 134
marine levels ...................... ... H. L Fairchild ................... X: 20
Miles Mountain granite ................... C. H. Richardson ................. Vi 107
Miller granite quarry .................................. . .l VII: 167
Millstone Hill granite .................... G. L Finlay ..................... IIT: ‘546
II1: 51
E. C. Jacobs .................. XXII: 22
Milne granite quarry ....................... .0 0. VII: 150
Milne & Wylie granite quarry ................. ... ... VII: 126
Minerals in the State Cabinet ............. G. H. Perkins .................. VII: 33
Minerals, rocks, structures ............... E. . C Jacobs .................. L. XX: 32
to XX: 65
Minerals of Vermont ..................... G.H. Perkins ................. XVII: 151
Mineralogy of the Green Mt. metamorphics
of northern Vermont ............... E.C Jacobs ................... XXI: 65
Mineral industries of Vermont,
(1933-34) ... E. C. Jacobs ................... XIX 1
to XIX: 35
(1935-36) ... E. C. Jacobs .................... XX: 1
(1939-40) ... E. C Jacobs .................. XXII: 4
to XXII: 67
Mineral resources, :
Committee of the N. E. Councif ......... E. C. Jacobs .................. XXIT: 67
new mineral products (Vermont Marble
Company) ..........oiiiiiiiinin... E. C. Jacobs .................. XXII: 66
number of men engaged in (1939) ...... E.C. Jacobs .................. XXII: 63
total value of in 1939 .................. E.C. Jacobs .................. XXII: 63
Mineral springs ..............coiii.. E.C Jacobs .................... XX: 145
(See Geology of Vermont, IT: 859; 1861)
Springs at Alburg, Brunswick, Chester,
Elgin (Vergennes), Hardwick, High-
gate,  Shaftsbury  (Williamstown,
Hartford, Clarendon : magnesia
springs), Quechee, Warren, Wil-
loughby Lake
Missisquoi
basin ... H.E Merwin ................... VI: 134
delta ... H. E Merwin ................... VI: 122
geology of .......... ... .. ... ... ... ... C. H. Hitchcock ................ VII: 204
F3 ol Y C. H. Richardson ............... XII: 62
XVI: 31
XVII: 198
XVII: 222
XVIII: 330
XXI: 90
group in Bridgewater ............. ... .. E L Perry ..o, XVI: 34

et

——
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Missisquoi, continued
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MorristounStowe V2l rocks, B K. C. Jacobs «ooriiiiiainas XXI: 46
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Morrisyme’levels ........ H. L. Fairchild .......covevninanns v%f lgg
T ala@y oo H E. Merwin ....cvivvnenerinnnn :

g urface GEOloBY v G peng L X 20e

0SS veln marpi€ ......oc0ceeee

Mount
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......... XVII: 13
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Philo, wave-liuilt LOITACE +ovvvvneonnens DX b (E) .................... Lt 282

bor, marble ... . i . N. L LSRRt 1X: 2

Mortll‘x?tain'-white MArble o .eviiarae e G. H.‘ Perkms .................. JX: 206

Mower granite qUarty «.......cc.coesces SN Bade A1 183

Muscovite-calcite marble ........oooeenes G‘ NoDale oo IX: 33

New England Asbestos Company .......... (H. Perking o s 36

Newport, granite of .....veoeeevrerenvrecenenee RS }(1):3'

............... IX:

New York Marble Company ... - TN D VII: 184

NOFCroSS QUATTY «oouevevennernncesnsseces . N.

North e, e i B €. JACObS e X 25
serpentine in ......oooooessoosenen s B GOJACODS oo :
Slate i .o HL Richardson e XI: %
terranes Of .....ocooooooenrensen e B THCRRHRRE ceereritn i i

Norton, Charles L., on peat .............. F . A Bu e o 1

Ocher deposits, geology of ...........c..o. G. H art e K I 107

Olenellus thompsoni, Parker’s ledge ........ G‘ : .Perkins ................ M

Ompompanoosuc River ................... T‘ N. Perking ..o XL

Open quarry marble ... . N.



70 REPORT OF THE VERMONT STATE GEOLOGIST

Orange County, Author
g:gllgg}): gg ........................ _(12 II:II lgiclhardson V;Illpaz;
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Orl_ental marble ........ ... G' H. P ke}r TSSO X a5
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areoge, Jossils § oG H Perkins Lo :
Dapenter e quarry, Orleans County........ooooviii oo .. VII: 114
River i
................................ G. H. Perkins
7 ----------------- .
Pea\t alley ...l H. L. Fairchild ....... ... . " 32} ?é
.................................... H. H. Hindshaw ............. ... Vi 33
G. H. Perkins ...... . . /1110 v: 31
Pegmatite, Vel
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in Grafton and Rockingham ... i 6 IC-:I Jlgfcc)}?:rdson .......... X))((I\% Z.'ISZ
Peneplain, XVIL: 25
defined .............. ... ... ... ...... E.C Jacobs ... XX: 66
Connecticut River C i Wi
..................... . H. Hitchcock ........ :
%;etac'emﬁ R G.W.Bain .................7 XV\/I"' e
Teftqmc ountains of Vermont .......... A M. Pond ..nnnnnnn XVI: o
Peridotiltiry .............................. G.W.Bain ............ .07 XV - ggé
............................... C. H. Richardson ................ VI: 285
VII: 317
XI: 133
XII: 72
XIII: 135
XVI: 242

Perkins, George H.,, I; II; III: 7, 31-46, 102; IV: 16, 103-144, 174, 213: 2\<7VIZI9 23316
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£0SSI] WHALES v e vt eeit e e e e VI: 83
to VI: 85
Petrology,
annotated bibliography of .............. M. Hubbell ...t XVII: 65
at East Mountain, Mendon ............. E.J. Foyles ....ocovinneenennn XVIIL: 245
of granite .......eeeseniniiiienieienne T.N.Dale ...covivriiiiiiriannss VII: 81
in Green Mountains of N. Vermont..... E. C.Jacobs ...cviviiiiiiaanns XXI: 19
to XXI: 73
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Marble belt v e T.N.Dale ....oovvievviiiiniane, IX: 8
QUATTIES  «nevvnernnecneenanneseenenns T.N.Dale ...ccoovvviiieianeeans IX: 85
L) RN E.C.Jacobs c.oviviieniiiinn IX: 416
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E. C. Jacobs ........oiiinnn XXII1: 27
Plymouth dolomite ......... R T.N.Dale ..o IX: 20
Plymouth and Bridgewater,
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Plymouth,
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Marble ..t T.N.Dale ......covviiviiiinenn. IX: 240
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Quarrying marble ........oiiieiiiinn G. H. Perkins ..........ccovivennn IX: 173
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A Contribution to the Petrography of the Quartz-bearing
Plutonites of Derby, Vermont
J. E. MAYNARD

Syracuse University

INTRODUCTION

The Township of Derby, the southern portion of which was formerly
known as Salem, is situated in the north central part of the State of Vermont.
It is bounded on the west by Lake Memphremagog and on the north by the
international boundary line. Quartz-bearing plutonites have long been known
to occur in this district.t With very few exceptions,® however, and upon mega-
scopic examination only these rocks were simply designated as granites. The
few recorded petrographic descriptions were qualitative rather than quantita-
tive for no modal analyses were found in the literature. The purpose of this

paper is to make available quantitative petrographic descriptions of those rocks

that have received only megascopic examination; to re-examine those that

were studied only from the qualitative viewpoint so that the results could be
recast as quantitative modal analyses; and to give, where necessary, 2 more

detailed mineralogical and textural description of them.
This study was made possible through the kindness of the late Dr.

Charles H. Richardson whose large collection of Vermont rocks was made

available to the author.
PETROGRAPHY

For convenience and comparison the modes of the various rocks are
grouped together in Table 1. They represent the volume percentages of the

TABLE 1. Modes of Quartz-bearing Plutonites

1 2 3 4 S 6 7 8 9 10

QuUArtz ....o-ceeee 2364 1826 20.18 2140 22.68 19.00 2218 1301 1178 41.43
Microcline .......-- 342 449 1382 17.12 12.89 851 1321 17.50 25.50 13.50
Oligoclase .....--+- 68.46 69.20 52.10 4572 5520 65.98 5780 57.42 49.21 39.67
Muscovite ...coeoeer % 075 195 494 473 043 X 101 051 X
Apatite ....oeeieeee X X X X X X X X X X
Biotite .eevveeerees 406 688 1170 0838 450 606 6.13 1126 13.00 496
ZArCON  wnvvenvvrroe X X X X X X X X X X
Sphene .....oeeees .. X X X X X .. ..
Orthite ... cverveee .. .. .. X .. .. .. .. . X
Epidote ....cooenees X 050 .. 036 X .. X X .. X
Chlorite ....ccooe- .. .. .. X X .. X X ..
Calcite .ovvervvee-s X .. .. X .. X .. ..
Kaolinite . ..eee-e-- X X X X X X X X X X
Secondary mica ... - X X X X X X X X X X
Garnet ...eeeeoeens .. .. .. .. .. .. .. .. .. X
? ? ? ? ? ? ? 7 ? ?

Rutile .

« The mineral is present.

2 May be present but not certain of the identification.
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various minerals in the rocks as determined by the Rosewal method. Using
the modal determinations the rocks were assigned to the various families,
orders and classes in accordance with Johannsen’s® classification. With further
study a few of the assigned names may be changed, especially where the
plagioclase-potash feldspar ratio is close to the dividing line between two
families, as in No. 2, in which an increase of less than one per cent in the
microcline content would change the rock from a tonalite to a granodiorite ;
likewise where the biopyriboles ratio is near the boundary between two classes,
as in Nos. 5 and 10, a small increase in the biotite content would indicate
a granodiorite rather than a leucogranodiorite.

1. Leucotonalite, Johannsen (P. 128). This specimen was called a “light
gray, coarse-grained granite from the La Casse Granite Company’s quarries.”
The hand specimens show flakes of biotite rather sparingly distributed
throughout a ground of slightly smoky quartz and milk-white feldspar, giving
the rock as a whole a very light gray, almost white, appearance.
The microscope shows the texture of this rock to be hypautomorphic-
granular. This is due to the partial automorphism of the oligoclase and
biotite. The rock is medium grained tending towards the upper limit. Oligo-
clase is by far the most abundant constituent. Many of the individuals show
twinning, both pericline and polysynthetic on the albite law, and in addition
they may be exceptionally well zoned. Alteration of the oligoclase has only
occurred to a minor extent, flakes and shreds of white mica being the most
abundant product, with kaolinite, epidote and calcite in very subordinate
amounts. It contains many hair-like inclusions: some apatite, others musco-
vite or perhaps rutile. Grains and automorphic apatites and zircons are
also sparingly present in it. Occasionally the outer borders of the oligoclase
are altered into a deuteric intergrowth of vermicular quartz and albite, called
“myrmekite” by Sederholm.* Grout.” Xenomorphic quartz, rarely showing
shadowy extinction, and containing innumerable gas and liquid inclusions in
sheets with often cracks parallel to them, fills most of the interstices between
the oligoclases. Hair-like inclusions of apatite, with perhaps some rutile, occur
sparingly in the quartz. Microcline showing the typical grating texture is fresh
and unaltered. It was the last mineral to crystallize as shown by its auto-
morphism when in contact with the quartz. Brown biotite is only sparingly
present. It shows the characteristic “bird’s-eye maple” effect, and occurs as
irregular flakes, or as irregularly terminated laths that grade out on the ends
into fine-shredded muscovite. Often the biotites are segregrated into knots.
An' occasional brown zircon, surrounded by the customary pleochroic halo
is enclosed in the biotite. A few small automorphic muscovite crystals are
also enclosed in it indicating that the muscovite crystallized at least simul-
taneously with the biotite or perhaps even before it.

2. Biotite Tonalite, Johannsen (P. 228). This specimen was obtained from
just south of the La Casse Granite Company’s quarry. Tt was simply desig-
nated as a “relatively coarse phase of the granite present in the vicinity of
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the quarry.” The biotite content i§ such that th.e r‘ock is ;{ery cllgls;t;clc; rthii
dividing line between the leucotonalites apd the ‘b10t1te tona itzsg. Cent, X
is also very close to being a granodiorite as it contains .55 per
““Cliid}tgz-d specimens the rock is massi‘ve,_ li.ght gray, and varies fr9m airvr;l(z:;
coarse to medium grained. The mica 1nd1v1d}1als appear as Tpots 1r1da e
ground rather than as part of an intimate mixture of oligoc asehatn fr:)lm thé
The quartz grains have a tinge of color which detracts somewha

rance of the stone. '
Cieaﬁlai‘le:ier? é;ection the texture of the'rock is seen to be hypgutoTorp};:li:
granular and in mineralogical composition and degree of alteralttlon 1t rlis;1 e
bles No. 1 very closely. The oligoc1a§e, however, only .rarely shows 1\;v ndang;
on the albite law. Small automorphic needles of apatlter are more a rtrll dant
as inclusions, especially in the oligoclase and they tend .to'be more num ous
in localized areas. The individual laths and }(nots o'f biotite are Verydsim ol
to those of No. 1, except that they have associated w'1th them more an‘E barg7n
grains of apatite and epidote. There are, also, occasional aggregateis OOfrOZr-
sphene enclosed in the biotite that were not present at a}l in N’(l)‘i—l . o ?do
ticular note is the paucity of zircon inclusions in the biotite. Those tha
occur, however, show the characteristic pleochroic haloes.

3. Biotite Granodiorite, Johannsen (P. 227). This specimen W:ﬁ obtame(}
from the Newport Granite Company’s‘ quarry ne‘zfxr the center”of {{ e htov(\;n 0G
Derby and is the rock that they designate as De.rby gray. ichar f50}111
says the rock “is mainly a biotite granite and the uniform arrangemen‘t th e
black scales of mica with white quartz and feldspar makes the stone ‘a thing
of beauty.’ ” According to Dale’ this rock
i i ioti i i ish-gray color and

“ th both biotite and muscovite, of light bluis c
e‘:lsex:l g?’g?;gl t;oerzlzilolrrlrlxt?;’lcvl?ned to fine texture, d\;ylth feédspax;s 1;);) tga?'n.czes z;rll-g (l)éhltncs}rln(a)ﬂg

i K tituents, in descending order of abundance, 1
P Ot}lx i:lcilsllilg;sc:;géﬂls of rutile, fluidal a%d other cavities in sheets \vxthdcr;ilgks
quar;clz thlo and in places coinciding with them; clear to bluish-white strlf).ted' sio a- 1mre1
]fr)ea]:ingr (oligoclase), mostly much kaolinized alnd somewha} mlctact:lslf?s,h anga;?l ef;%drgg\;r
i i in vermicular structure; clear to translucent b ; :
G ?laceis. vgltgngug‘ttic:gla\;e), slightly kaolinized ; biotite (black mica) ; and mqscov;t:
(m;'ﬁzocl;a?ca) Accessory: Apatite, titanite, allanite, rutile. No magr_letllte 01; pyrite wa
égeétgd Seéondary: Kaolin, a white mica, and calcite from chemical test.

The rock is of a bluish gray color and rese;mbles quite closely the “mgduﬁm
bluish-gray* rock that is quarried S0 exte‘nsxvely at Barre. .Mebgas'c(:iopltc; ér,
biotite, slightly smoky quartz and m11k-vyh1te feldspar can egsﬂy e i enzl eeci

Th’e microscope shows a mediurq grained hypa:utomorphlc textur;e.b dc;n
oligoclase, rarely twinned on the albite law but quite often on the cai' §ta§ av::
makes up a little better than 50 per cent of the rock. In generafi{ 151 ‘51_1te

risingly fresh, the chief alteration products bemg a small. amount of kaolinite,
I)hite mica, and more rarely calcite. An occas1ona} ohgoclase, hoyveve_r, is
xore or les,s completely altered to ﬁne—shred{ied vs{hlte mica. Apatite, e1§h§r
as grains, needles, or hair-like individuals, is quite abundantly enclosed in
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the oligoclase; zircons, however, are rare. Xenomorphic quartz and micro-
cline fill the interstices between the feldspars and micas. The former shows
slightly wavy extinction and is filled with gas and other cavities
to be arranged in planes. Needles and hair-like inclusions, mostly. apatite,
with perhaps some of the individuals being rutile, are very numerous in the
quartz. Slightly kaolinized microcline, showing the typical grating texture
and containing many inclusions of apatite, was the last mineral to crystallize,
as at times quartz is automorphic against it. Brown biotite occurs as small
laths and flakes which may be grouped into irregular aggregates, arranged
in more or less irregular lines, or just simply as separate individuals. Laths
of muscovite are occasionally found making up a part of the biotite aggregates.

Thin sections from several specimens taken from this quarry were exam-
ined and in no case was any orthoclase found.

4. Biotite Granodiorite, Johannsen (P. 227). This specimen was obtained
from the Parameter quarry which is situated near the Canada line about
one mile east of Lake Memphremagog. This rock was first described
megascopically by Dale.® He states the rock “is either a biotite granite
or a biotite quartz-monzonite of very light gray color and even grained
medium texture, with feldspars up to 0.3 inch and mica to 0.2 inch. Its
constituents are slightly bluish milk-white feldspar, light smoky quartz, and
biotite (black mica).” . '
Under the microscope this rock shows a hypautomorphic-granular texture,
the grains averaging 1.3 millimeters in cross section. The most abundant
constituent is zoned and striated oligoclase. There were, however, oligoclase
individuals that did not show polysynthetic twinning and which on casual
examination could. be very easily mistaken for orthoclase. The larger oligo-
clases contained many inclusions of poorly terminated laths of muscovite and
biotite, grains of sphene, and more rarely automorphic needles of apatite and
short stout prisms of zircon. They are more or less altered to kaolinite, white
mica or rarely epidote. Occasionally the margins of the oligoclase are replaced
by myrmekite. Microcline is entirely xenomorphic and invariably shows
the characteristic grating texture. It is rarely altered and, with the exception
of minute hair-like crystallites, there is a pacity of inclusions. Quartz is
the second most abundant constituent. It contains many very fine hair-like
inclusions on which no satisfactory determinations could be made. They may
be rutile. Knots of biotite are very evenly distributed throughout the rock.
They are made up of broad laths that have no particular orientation; some-
times a lath of muscovite will be in parallel intergrowth with the biotite and
more rarely elongated sphenes will have the same relationship. The biotite
shows all stages of alteration through chlorite to epidote.
show just a slight amount of chloritization, another may be p
and just starting to alter to epidote : again there may be n
the original biotite, the secondary chlorite from it being n
changed over into epidote;

One flake may
artly chloritized
o traces left of

early completely
finally the biotite may be completely changed

.

that appear
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ver into epidote. In changing from biotite to chlorite thhe altiratlonhslgzi‘ri:z
) i he change from ¢
i d the center, whereas the g :
at the margin and works towar e g argins, The
i t the center and works towar
to epidote commences a o e e empletely
i i ins to form before the biotite )
epidote, in general, begins ; ; I " R vend
iti i atite are the most p
hloritized. Cross sections and prisms of ap 1 1
zions in the biotite, although small zircons, not always showing pleochroic
haloes, can be seen. Only one grain of orthite was found.

i be
5. Leucogranodiorite, Johannsen (P. 127). r{;l.ns r(iS( ;r;)gssoﬁgtvréiz;r }ﬁ?:ﬂy
lains i township. icha i
in the northern part of Derby towt ;
ftlaatlensS that “the granite near Beebe Plains is a very light gray colorI tal[])ga(;:,
even medium texture. It is darker, however, than, the Bethel stone.
iotite tnifo istri hout the stone.” .
otite uniformly distributed throug : . ]
. The microsc};pe shows the rock to be of medium grain ‘almd ?y;ﬁ.gtogno;ihé;t
. . - 5 No.
Mineralogically the rock is very similar , €XC
B iite 15 on i bundant and microcline about two-thirds
that biotite is only about half as abun d m o
i ituent in the rock is oligoclase. i ed,
as abundant. The chief constituent | e 1C ‘ oL is often onee,
i thetic twinning, and minor altera
only occasionally shows polysyn ‘ O e e attered
i 1 i 1 he outer margins of the oligo :
ite and white mica. Sometimes t . : e cioeing
i i i1 i typical grating texture a
kite. Microcline, showing ‘the ypical ¢ ure a
ts?nar?lyl;lzl:dles of apatite z;nd with little indication of kaohm'zatli)n,dwas_ gzg
i ) i imilar to that in previously descn
eral to form. Quartz is very simi ' cribe
1aStcinr:11:ns It shows undulatory extinction, 1s fractured, and 'contams in
;El);nes anc.l zones numerous gas and other inclusions, tO%etherbwrcclhtan (_)czz(il—
ir-like indivi rmined.
i i hair-like individuals that could not be dete
sional apatite and very few ‘ : uld not be determnes:
ioti i llel intergrowth or in knots
Biotite and muscovite, often in para ' n knots that are mace
ly orientated, are in about equal abu e. :
B i indi he pleochroic haloes in
i i 1 indicated only by the pleoc :
are relatively rare, being in general 1 .  Pleocroie a0
ioti i i f inclusions of any kind in the vite.
the biotite. There is a paucity o ‘ . ; covite,
i ioti ion to chlorite or epidote, or has ass _
etimes the biotite shows alteration : -
\%vcl)?}: it aggregates made up of grains of sphene. The alteration to epidote is

not so well developed as in No. 4.

6. Biotite-granodiorite, Johannsen (P. 227). T’{‘llif rocf i; ffoiriﬁ) :: :I}llik\;m;;
it i he Quebec boundary. e potash fe A
ity of Derby Line, near t da; bt or makes up
hat it is not far from being a tonahte.
bout 8 per cent of the rock so t : fa :
zggt?on biotiIt)e is only about 6 per cent so that it is rather close to the leuco
ranodiorites.
¢ aThe rock, megascopically, very closely re§embles No. 2 ’}“he baiﬁ, tv:}rl);
light gra feidspar and quartz, is speckled with knots of biotite, so a.f e
glgnere%l a?;pearance is black spots in a white ground, rather than a uniior
ixture of the base and biotite. . -
m]xlt}ltll-der the microscope the close resemblance to No.. 21is even more nottl:;a
ble, textures, minerals and degree of secondary alteration being just abou the
. rrie There i’s a marked difference, however, in the percentages of the various
same.
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minerals present. The oligoclase is often twinned on the albite law so that in
this respect it is more like that in No. 1. Secondary muscovite is quite abun-
dant as irregularly shredded patches, fan-like aggregates and sheaves, which
are quite common as alteration products in the oligoclase. Occasionally the
oligoclase is partially altered to calcite. Biotite laths grading out on the ends
into finely shredded white mica are relatively common. Brown sphene, acutely
terminated, is abundant. Epidote appears to be entirely absent from this rock.

7. Biotite-granodiorite, Johannsen (P. 227). This specimen was designated
“light gray granite from Salem Mountain which is situated about the center
of the old township of Salem, now _included in the southern half of Derby.”

In hand specimens the rock very closely resembles No. 5. The base of the
rock is very light gray milk-white feldspar and slightly smoky quartz. Dis-
tributed throughout it are flakes and patches of biotite, the combined effect
producing a rock of very pleasing light gray color.

Microscopic examination shows the rock to be of medium grain and hypauto-
morphic-granular texture. Its general appearance, mineralogical composition,
and degree of alteration, are practically the same as that shown and described
in detail under No. 5. Biotite is only a little more abundant and in contrast
does not show any alteration to chlorite, but does enclose many more auto-
morphic zircons. Of especial note is the absence of flakes and laths of musco-
vite. The paucity of apatite is also rather noteworthy, only a few small grains
being enclosed in the biotite and relatively larger ones in the oligoclase.

8. Biotite-granodiorite, Johannsen (P. 227). This specimen was obtained
from the southern side of Salem Mountain about one-half mile from No. 7.
It was called a gray biotite granite.

Megascopically and microscopically this rock is very similar to the othef
darker colored granodiorites of the township. In texture, mineralogical com-
position, and degree of alteration it very closely resembles No. 6. The oligo-
clase is very rarely twinned on the albite law and on casual examination could
quite easily be mistaken for orthoclase. In places its margins are replaced by

a vermicular intergrowth of quartz and albite. Alteration products of note
are chlorite, epidote and calcite.

9. Biotite-granodiorite, Johannsen (P. 227). This specimen was called a
“dark gray biotite granite from along the Clyde river, Salem, Vermont.” It
thus came from along the eastern margin of the exposures in the east central
part of the old township of Salem. It differs principally from the other
biotite-granodiorites studied in having a higher percentage of biotite with
also a much higher percentage of microcline, Secondary minerals : white mica,
kaolin, and chlorite, are at a minimum. Apatite is worth mentioning. It is
most abundant as inclusions in the oligoclase, to a lesser extent in biotite and
only rarely in the microcline and quartz. It occurs as irregularly shaped
colorless individuals, as small, short, automorphic crystals, as long slender
needles showing prominent basal parting, and as minute hair-like crystallites.
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In a few cases the larger apatites enclose sma_ll zircons, in other}? theye (iall;
full of minute indeterminable inclusions. At times the automorphic ne
are bunched together into more or less radiating aggregates.

. . “ight
10. Leucogranodiorite, Johannsen (P. 127). This ?})fk wats rdzsflgsr:;zi;i t:\%n
, i i in the cente -
ranite from the west side of the exposures . ”
fll;?y’:g From the high percentage of quartz it appears that the speamen‘ was
tak%n from near the contact of the intrusive and country roc}:. lele t)lr'e;irg;e
i rards thi -
i i t in any of the others also points towards
of garnet in this rock and no ! points towards dus con
i ioti lose to the dividing line bety
clusion. The amount of biotite 1s so ¢ g e D o
jori diorites that the rock might just a ‘
leucogranodjorites and the grano ' rock might Just 88 we e
1 latter. In texture and mineralogica _comp _ .
D i ¢ ioti f the district. A few points with
i imi ther granodiorites of the district. .
quite similar to the o ! £ th e w points e
i i tioning. igoclase 1s 1
respect to the inclusions are worth men en |
encliosing small, very perfect, six-sided pseudo-hex.atgonalfred tpt biﬁ:tnazotg;cej
i : i dles and prisms of apatite
and occasionally short automorphic nee :
pale bluish color. Furthermore most of the rhomb;lc dodecahedéons ofdgixg
i 1 few are in the quartz. Gas an
are enclosed in the oligoclase, a very
inclusions are very abundant in the quartz. They are much larger than those
noted in any of the other rocks examined.

GENERAL DISCUSSION

ing to Jacobs® the quartz-bearing plutonic rocks of this part of jche
Stagcrﬁ::si“l;g ;t llast post-Ordovicign ip age because they.are cf%un(tih;ntr;cigi
strata of that period. This cor}ch}llswn li further r?:(lit)sstﬁgaitde ' }}77 evidle)nce "
raphic study, for none of the rocks exami :

Eztrri(r)ngg as?lffered dynamical metamorphism such as might have hbeeonr(‘;);\c;iuc%:;
about by the Taconic disturbange hg((il they .beft:n f:);n;eglhélubréﬁ;gl dta rey rdovician

revious to that time. Field evidence just across the b Q
?rfdfi)cates that similar rocks are pge;ngot?llan lg igsetﬁ);t 1‘; ;rsn tehgexgﬁ)tg ';zltagt etilzz
i jan strata. Jacobs™ further s :
gcfezzezr])a??: put the timg of intrusion as post-Carbomfex;lous. }Slo fagezg
evidence has been found to show that they could or could not have
i me. ‘
mtruAd:?ug; ?ﬁlf’l“;ble 1 shows that orthoclase does not occur in any ;f thete ro;:gi
that were examined. This absence of othoclase, however, is not ¢ ﬁrac egllorm
of this area of Vermont alone for pracFlcally none was foun§ l()iy ft e au ot
in many of the quartz-bearing plutonic rocks that he studied romfw ]any
scattered areas throughout the State. Furtbermore, examlrkllatlch 0 1 nhiaz
thin sections of these post-Devonian plutonic rocks from tle hppaL ac ar
system, even as far south as Georgia, shows the same remarkable Ilr)l fer;zmen S

Another notable fact is the relatively low percentage of potas :1 igi)a}rlea;t
represented by microcline, the lowest amount being 3.423p§r cent, t te. thgiq o
25.5 per cent, with an average for the ten .rocks of 13.0 per cent; this 1
-contrast to the relatively high percentage of oligoclase, the lowest amount being
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%9}1.27 pﬁer cent, the highest 69.20 per cent, with an average of 56.0 per cent
o Ds:rb gures (al.n(i Fhe general peFrographic study suggest that the township
plagiocgsls urtl‘ erlain b}i, a granodiorite batholith of which the potash feldsparp
e ratio is such as to yield differentiates, the majori i .
as , ty of which h;
compositions that tend toward the tonali o tow oty
_ ' ites rather than toward th
monzonites. This fact expresses itself 1 i renve of
‘ ' . ocally in the actual occur
tonalites as differentiates from the main granodiorite magma. The grzzlscriagf
. s

of this batholith has yet to be exposed by erosion, the present exposures beingi

stocks or bosses that are connected with the main mass
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The Mineral Industries

Evrsripce C. JAcoBs

The principal mineral industries of Vermont have to do with asbestos,
copper (with associated silver and gold), granite, limestone, marble, slate,
talc, bricks, sand and gravel. During the past few years there has been a
notable increase in the amounts and values of these substances as is shown by
the following table.

Dollar values:

1944 1945 6 mos. 1946 Cf. 1940
$13,244,191 $17,005,817 $10,629,000 $12,283,886
The figures for the separate products are: '

1944 1945 6 mos. 1946 C1. 1940
Granite . ....oeeeeineenn $ 7,516,449 $10,805,607 $ 6,389,013 $ 7,304,356
Lime products ........... 1,243,256 1,276,866 631,460 463,451
SIAte .veiiiieaaeaaaas 1,231,549* 1,916,976 no data no data
Tale .oviiiiiiiaieeae 799,125 841,012 381,917 230,137

With the exception of slate these figures are based on returns made to
the writer. Figures for asbestos, copper, and marble are withheld since only
one company is producing asbestos and one company copper. Presumably
the Green Mountain Marble Company is in business but letters remain un-
answered-

ASBESTOS

THE VERMONT ASBESTOS MINES
Division of the Ruberoid Company

Postoffice address: Hyde Park, Vt.

Officers : President, W. B. Harris, 500 Fifth Avenue,
L. C. Rugen; assistant to the president, F. E. Byrnes; treasurer,
New York City; resident manager, M. J. Messel, Hyde Park.

Products: In the past: asbestos cement, asbestos paper, asbestos shingles, brake fin-
ings, clutch facings, molded products, paints, plastics, mill board, and perhaps other prod-
ucts. Because of the present demands for shingle fiber, paper stock, and cement fiber, the
entire output is being converted to these grades.

Chrysotile asbestos, occurring as slip fiber and cross fiber in the serpentine
rock of Belvidere Mountain, is being quarried. This mountain lies in Lowell
and Eden townships, Lamoille and Orleans counties. It is shown on the
Jay Peak topographical quadrangle.

Some years ago the company abandoned its old quarry on the south side
of the mountain and moved its operations to the southreast side where it had

New York City; vice-president,
S. D. Van Vliet, all of

1 Includes Maine.
2 Includes New York.
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developed a very large body of asbestos-bearing rock, about equally divided
between cross fiber and slip fiber. The New England Mining Company had
operated in this locality as early as 1901 ; later the Lowell Lumber and As-
bestos Company, under W. G. Gallagher, worked the deposit.

The Vermont Asbestos Mines retained its mill on its old site and installed
an aerial tramway to transport the rock from the new workings. This tram-
way is over 5000 feet long and its terminus near the mill is about 1000 feet
greater elevation than the quarry. The tramway has proved to be very efficient
and economical in operation.

The Gallagher quarry, as it is called, is at present about 550 feet long,
350 feet wide and 1000 feet deep. The rock is yielding about five percent in
fiber. In the cross fiber section of the deposit there are many veins which
might be classified as “No. 2 crude” and could therefore be utilized as high-
grade milled spinning fiber as pilot plant tests have shown. Operations at the
new quarry began in April 1944, Core drilling operations have proved an
adequate supply of asbestos-bearing rock for many years to come.

The demand for the asbestos is much greater than the supply. Approxi-
mately 150 men are employed ; they work three eight-hour shifts six days a
week.

It is expected that in 1947, 400,000 tons of asbestos-bearing rock will be
produced.

MINERALS

The Gallagher quarry has proved to be a new and important mineral local-
ity. A perfect crystal of idocrase (vesuvianite) was sent to the writer some
time ago and is now displayed in the Fleming Museum. In May, 1941, Pro-
fessor Clifford Frondel of Harvard University visited the quarry and found
besides idocrase, calcite, brucite and abundant crusts of the rare minerals, pyro-

aurite and artinite, as well as grussularite, malachite, diopside, prehnite, clino-
chlore, leuchtenburgite, and other minerals.

COPPER
THE VERMONT COPPER COMPANY, INCORPORATED

Postoffice address: South Strafford, Orange County, Vt.

Officers: Chairman of the Board, George Adams Ellis, Bennington, Vt.; president,
Frederick W. Snow, South Strafford, Vt.; vice-president and general counsel, Stanley C.

Wilson, Chelsea, Vt.; vice-president, E. A. de Villermont, South Strafford; treasurer,
Clarence B. Benson, South Strafford.

. Operating Organization: General manager, Frederick W. Snow; geologist, H. M.
Kingsbury ; mine superintendent, J. C. Wangaard ; assistant superintendent, C. F. Banker ;
mill superintendent, H. A. Johnson; office manager, C. B. Benson; public relations, G. E.
Northrup.

Product: Copper concentrates, silver, and gold.

In the REPORT OF THE STATE GEOLOGIST for 1941-42 an article was pre-
sented entitled ““Reopening of the Vermont Copper Mines.” This article gave
a brief history of the mines at Corinth, Vershire, and South Strafford. It was
followed, in the report for 1943-44, by “The Vermont Copper Company.”

THE MINERAL INDUSTRIES: JACOBS
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In this arti i
o ;sczilc‘)tsl;le th_e geology of‘ the Elizabeth ore body was considered, t
o cros se&t;lon of the mine and a flow-sheet of milling operation’s oecther
et Surve;rof t1ir1§ir§kolr)dog ofdthe Ve.rmont Geological survey rﬁade an
Features of fho resien: uac rangle in order to bring out the geological
The V
1o anfczlrr}lgsnt rCop%er Co_mpany began operations on the Elizabeth mi
1942 and b I’)I‘ ﬁcee ed VVlth. the development of the mine and the prod o
pon inclupsli)ve‘ s ies cﬁolig?r?ny 1s Sow operating from the second to tlrll)e (;nl:tCI;
’ ’ - . . -
percent s s g much rich ore, some of it running as high as five
A new two-compartment sh
. aft, ten by seven feet, is bei
sixth level (Plate I), following the dip (63° easlterl,yl)S tcfnclit S‘?}I;kléifem e
r ore

shoots. From this shaft | i i
bt e —om thi evels will be driven at 725 and 850 feet, respectively,

The U. S. Bureau of Mines
shown several promising anomalies.
The copper concentrates are shipped to the Phelps Dodge Company

geophysical prospecting operations have

Hill, Lo i
, Long Island, N. Y, for smelting and refining into electrolytic cop;(:,?urel
PRODUCTION
Copper Silver
I 1944 (pounds) (ounces) (ogr?clgs)
Tn 1045 L S8R 1995 ot
In 1946 (Jan.-June) ..... 3,290,000 %8333 183)

Number of men employed, 150.

EXPERIMENTAL WORK

The o i i
past, e rgezarllrze; :Sire;t (;ealtof %yrrhotlte (a sulphide of iron) which, in the
past, roduct. Experimental .
iron and sulphur, electrolytically, is being carrie:iivocﬁ{ for the xecovery of the

GRANITE

Verm
grants isoz’;;as l’for many years stood first in the production of granite. H
granit Structumai mostkwh]oDlly for monumental purposes although som;a ﬁn§r
work. During times of “ ”? S
use, wor easy money” the ¢ i
petl ferxgembered ; this has been true in the war yearsywhen t}el?ectemes ies
ave ln put to it to fill their orders. The table (p. 87) sh sther
p Isn;; y ]tahe Increased business of the granite compar;ies s rather i
n the istri .
I, i.{r;cekdt)sftrj:t there has be'en a further consolidation of the old com-
ges Corporation now controlling the E. L. Smith and

the Wetmore and M
A orse companie .
maintained. panies, but the corporate existence of each is

|
i

s — e,

g
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ACTIVE GRANITE QUARRYING COMPANIES IN THE BARRE
DISTRICT

ROCK OF AGES CORPORATION

NOTE: This corporation is the consolidation of the following old companies: Bout-
well, Milne and Varnum, which operated quarries in the town of Barre, and the following
manufacturing plants : Barclay Brothers, Canton Brothers, E. A. Chase Granite Company,
Fureka Granite Company, Grearson and Lane, Lawrence Granite Company, William Milne
Granite Co., Perry Granite Corporation, Phillips & Slack, and George Stratton Granite
Co. The consolidation was effected in 1930.

Main office: 206 Bank St., Burlingtom, Vt. ) )
Officers: President, Roy L. Patrick; executive vice-president, Joseph T. Smith; vice-

president and general manager, Alex. D. Straiton; treasur@r, Athol R. Bell; clerk, War-
ren R. Austin,

Quarries in Graniteville.
Fabricating plants at Barre, Montpelier, Northfield, Waterbury.

Products: Mostly dark Barre granite; some light Barre.

E. L. SMITH COMPANY
Main office: Barre. :
Officers: President, Donald W. Smith; vice-president, J. Wendell Smith; treasurer,
Maurice W. Dewey ; assistant treasurer, Bernard V. Funk.
Quarries in Graniteville and Websterville.
Fabricating plant: None. The company simply quarries granite.
Products: Light and dark Barre granite.

WETMORE AND MORSE GRANITE COMPANY

Main office: Barre.

Officers : President, Fred A. Howland; vice-president, Maurice W. Dewey; secretary-
treasurer, Herbert R. Pierce; assistant secretary-treasurer, William H. Duthie; general
manager, John P. Davis.

Quarries in Websterville.

Fabricating plant: None. The company simply quarries granite.

Product: Light and medium Barre granite.

WELLS-LAMSON QUARRY COMPANY
Main office: Barre.
Officers : President, Marshall J. England; treasurer, H. Brandon Jones.

Quarries at Websterville. . )
Fabricating plant: None. The company simply quarries granite.

Product: Light Barre granite.

JONES BROTHERS COMPANY, INCORPORATED

Main office: 10 High Street, Boston, Massachusetts.

Branch office : 700 Main Street, Barre, Vt.

Officers : President, M. Walker Jones; vice-president, Marshall J. England; treasurer,
Seward W. Jones.

Quarry in Graniteville, not active at present.

Fabricating plant: 700 Main Street, Barre. . .
Products: Monuments and mausoleums, granite machinery, rolls for paper companies

and chocolate grinding, ornamental sundials, garden seats, etc.

J. K. PIRIE ESTATE

Main office: Barre.

Trustees and managers: James G. and Fred F. Pirie.
Quarries in Williamstown. :

Cutting plant: None. This company simply quarries granite.
Products: Mostly dark Barre granite; some light Barre.
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EMPLOYMENT

In 1 P y 5‘-
> J men were € g S st 11
l!}46 4'7 e mplo e(l in l[e ranite l]l(lu tr Ihele 18 1

a serious shortage of labor.

Strikes have been settled and nothing but the

) .
abor shortage stands in the way of increased production ;

MEMB
ERS OF THE BARRE GRANITE ASSOCIATION, INC

BArre

Acme Granite Co.
Adams Granite Co.
American Granite Co.
Anderson-Friberg Co.
Anderson & Johnson
Barre Blue Granite Co.
.Barre Hickey Mill
Batchelder Co., E. J
lé(_%lclfi & Beck .

tlodeau & Co,, J.
Burke Brothers 10
Buttura & Sons
Caccavo Granite Co.
Celente & Bianchi
Cexjasoli & Cerasoli
Chioldi Granite Co.
Comolli & Co.
Cook, Watkins & Patch
Dgsspreau & Co.
Giudici Brothers & Co.
Granite Memorial Shop
8rears<%;1 & Lane

reen Valley Grani
Hebert & Ladrie te Co
Hinman Co., H. P.
Hoyt & Milne, Inc.
Initial Granite Co.
Johnson & Gustafson
}ones Ilg?prothers Co.
ones Brothers Dar
Lawson Granite Cof{ Quarey
Letter Granite Co.
Marr & Gordon, Inc.
Mascitti, Paul
McDonnell & Sons
Milne Granite Co., Alex.
Modern Granite Co.
Morlote Granite Co., S.
Nativi Granite Co.

OUTSIDE

Proprietor: John B. Hall.

JULY 15, 1946

BARRE

North Barre Granite
Novelli & Calca?x?ilte co
P.ee'rless Granite Co.
Pirie Estate, J. K.
%evﬁlafG&anite Co,, J.

ock of Ages C i
ISQoux Granite Cg.r poration

aporiti & Co., Willi
Shield Co., Waldr(l)nlam
Sierra Granite Co.
gmlth & Co, E. L

outh Barre Granite C
South End Polishing Co.
Thurber Granite Co. .
Union Granite Co.

Usle & Perojo Granite Co
&?l]zl %’anite Co. )
ells Lamson Quarry Co
Wetmore & Morse Granite
White Granite Cg. ranite Co.

Zampieri & Buttura

MoNTPELIER
Bonazzi & Bonazzi
Capitol Granite Co.
Eesxllets'Granite Co.
verlasting Memorial
Excelsior Granite Co. Works
{1111'1'35 Granite Co.
ontpelier Granite W
Sheridan & Poole orks
United Granite Co.

NORTHFIELD
Cross Brothers Co., Inc.
Duprey Granite Co.

W ATERBURY
O’Clair Granite Works, C. L.

THE BARRE DISTRICT
HALL, GRANITE

Postoffice address: Hardwick, Vt. .

P : i
roducts : Imperial blue and Woodbury gray granites

tural Tgranite are produced.
Number of men employed: 20.

Both monumental and struc-

e
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THE ANAIR GRANITE COMPANY

Proprietor : Larry Anair,
Postoffice address: Hardwick, Vt.
Products: Monumental and building granite.

Number of men employed: 8 to 10

LIMESTONE
sed for a variety of purposes: agricultural lime
for soil “sweetening”; crushed limestone for building mortar, blast furnace

and open—hearth flux, concrete aggregate, paper mills, glass manufacture,
calcium carbide manufacture; in the finely divided condition for pharmaceuti-
cal preparations; i orm for building, chemical and agricultural

purposes (see the Vermarco Lime Company) ; in the extremely finely divided
state, for chemicals, pigments and fillers (see the White Pigment Corporation).
The total value of these products was given on page 87. The increases

over 1940 are impressive.
THE OPERATING COMPANIES

THE CHAMPLAIN VALLEY LIME COMPANY

Postoffice address: Box 107, Burlington, Vt. ) .
Officers: President and treasurer, H. D Brewer ; vice-prest

E. A. Brewer. ) ) ) ]
Nature of the products: Manufacturing and processing lime and limest
Number of men employed : 20.

THE GREEN MOUNTAIN LIME COMPANY

Postoffice address: Box 107, Burlington, Vt. )
Officers of the Company: Same as for the Champlain Valley Company.
Nature of the products: Same as for the Champlain Valley Company.

Number of men employed : 8.
THE SWANTON LIME WORKS

ohn P. Rich, Jr.; secretary

Vermont limestone is u

n the hydrated f

dent, C. B. Swett; clerk,

one.

Postoffice address: Swanton, Vt.
Officers: President, Davis Rich, 2nd*;
and treasurer, Charles Rich.

Nature of the products: Lime and limest
agricultural “soilsweet,” highway stone, concre

Number of men employed : 39.
THE VERMARCO LIME COMPANY

s: West Rutland, Vt.
Officers : President, Redfield Proctor ; treasurer,
manager, Chester C. Thomas.

jace M. Fay; general r
Nature of the product: Hydlrgted lime.

Number of men employed:
THE VERMONT ASSOCIA

Postoffice address: Leicester Junction, Vt.
Officers of the Company: President and secretary,

Thomas C. Pollock. . .
Nature of the products: Lime and limestone.
Number of men employed : 25.

* Deceased.

vice president, J

one products, sulphite lime, fluxing stone,
te stone, rip-rap.

Postoffice addres
e Howard V. Smith; secretary, Wal-

TED LIME INDUSTRIES, INC.

John M. Dalglish; treasurer,



04 REPORT OF THE VERMONT STATE GEOLOGIST

THE WHITE PIGMENT CORPORATION
Postoffice address ; Proctor, Vt.
Officers : President, Redfield Proctor; treasurer, Howard V. Smith
jamin Williams; general manager, C. L. Montgomery.
Number of men employed: 60.
Nature of the products: Pigments and fillers.

The following companies and persons produce ground limestone for soil-sweetening :
The Brandon Rock Products Company; L. A. Garrow, East Charlotte ; Paul Robinson,
Pawlet; Shelburne Lime Company, and Farrell and Webster, Shelburne; and Edward
Vivie, Plymouth-Union.

. Marlis produced by Will Busino and J. A. Jamieson of Williamst
and Percy Lathrop, Arlington; and E. A. Lawson, Lyndonville.

; secretary, Ben-

own; Frank Lathrop

MARBLE

THE VERMONT MARBLE COMPANY
Postoffice address: Proctor, Vt.
Officers of the Company : President, Redfi
secretary, Wallace M. Fay.
Nature of the product: Marble.
Number of men employed ; 1,247.

eld Proctor; treasurer, Howard V. Smith;

During the war years the marble business, owing to the dearth of building
operations, was much restricted and the Vermont Marble Company went ex-
tensively into war production. About 80 percent of the company’s sales was
for metal working, wood products, mica processing, radio condensers and
radar cable assemblies. So outstanding was the conversion of men and ma-
chines to this work that the company was awarded the Army-Navy “E” four
times.

Upon the termination of hostilities it was decided to continue in the metal-
working field. About 170 men were thus employed in the fall of 1946.

Reconversion to marble work has of late been pushed rapidly. Quarries,
mills and shops are again active, limited only by the available lahor supply.

THE GREEN MOUNTAIN MARBLE COMPANY
No information has been received from this company.

TALC

For many years Vermont has ranked secon
ceeded only by California.

In Vermont the talc business has been good during the war years, handi-
capped however by the prevailing labor shortage. The labor situation is im-
proving and there is an active demand for the mineral. The Minerals Year
Book for 1945 places Vermont’s production at 737,181 short tons.

OPERATING COMPANIES

THE EASTERN-MAGNESIA TALC COMPANY, INCORPORATED
Postoffice address: Burlington, Vt.

Officers: President, Joseph T. Smith; vice-president and general manager, Eugene
W. Magnus; treasurer, Roy L. Patrick; clerk, John H. Patrick; assistant treasurer,
Robert F. Patrick.

Products: Ground talc, floated talc, mill workers crayons.

d in tale production, being ex-

-
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§ PORATED
THE VERMONT MINERAL PRODUCTS COMPANY, INCOR

Postoffice address: Chester, Vt.
Officers : President and director,

i G. Guild.
dlreclg(;:;dlégtgse:r(}round talc and soapstone.
Number of men employed: 14.

THE VERMONT TALC COMPANY

d : Chester, Vt. )
g?ggf;c-e nge;ﬁ;:nt, N. P. Avery, Holyoke, Mz:s.’f
Giles Blague; Springfield, Mass. ; treasurer and manager,
Product : Ground talcl. 410
Number of men employed: 1U. o a
i - ~Magnesia Company at Johnson
1c deposits of the Eastern gt ‘ NG
Mo1"16‘:}:5\1‘/'[:1l haVepbeen mapped by M. P. Billings, A. H. ICh}dCIStgi;ri:y' Thesje
Engel, working under the auspices of the U. S. Geologica

’
IIlapS Inay be eXaIIlllled at tlle ()the Of the State ge()l()glst, I lemlng I\/{useunl

Burlington.

Harry F. Douglas; treasurer, Stanley C. Dorand;

. . ) fary,
vice-president and secre
. A. Yager, Rutland, Vt.

SLATE

i 1 i form of
Vermont slate is largely used for rooﬁngl,de'lth‘eir sol;cis,c:r\ ;}rlll ct:ecover 0
i It is sold in “squa
les set in an asphalt base. ' , : over 0.
- gr?:c; e(:)Sf roof surface exposed three inches to the w eat&el.binOiard ses
Z?Iela;ectrical switchboards, lavatories, floor (t}lle, g(rlavletza;tsl uss,ed ard
1 round sla
ds. and ornamental flagging. o
FOPS; blaicsk Egill:t:’:lnd playgrounds. Slate flour finds use as a filler for paints
ing tenn :
ixtures, and the like. . . .
roaq[‘%splslﬁtteni]rl:(;uustry has felt the effect of renewed bull.dmg ar;d ;sttrllg: g‘;/)e
s
ratinveat about 50 percent of normal—two years zgot'ltnwaif ;mont n e
e rcenbt The demand for slate is now exceeding production.
pe .

second to Pennsylvania in output.

OPERATING COMPANIES

CASTLETON

d mill of the Staso Milling Company are focated in Castleton,

The e g anHeadqu:atrters are at Poultney.

just south of the village.

HYDEVILLE

'THE HINCHEY CONSOLIDATED SLATE COMPANY

i R. and
idati hey Slate Company, the G.
i i onsolidation of the P. F. Hinc
J FT}};i;cck?;;pgllLyte‘SC%r%pany, and the General Slate Company.
" Mai Hydeville, -
E\)I%lcrz:r(;{?%r:stidegt, James Hinchey ; treasurer, M. H. Fain
Q arrieé at North Poultney z}nd Fair Havenl.t +od Fair Haven.
F:bricating e Hydevill% (?I o;;tglci)ﬁ:d r;:ilyrple and green slate, sold as roofing
: ing-green, unfading-1 - ) t € 5
1 tef;l;;)g ﬁgﬁ.sggéagz?igical panels, billiard slabs, flooring, flagging, etc.)
sla
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FAIR HAVEN

HARVEY BUSH SLATE COMPANY
Office at Fair Haven.

Partners: Joel Griffith, Mrs. Joel Griffith, John R. Griffith.
Quarries at Scotch Hill, Fair Haven.

Products: Unfading-green, mottled, purple, and gray, sold as roofing slate.

THE FAIR HAVEN MARBLEIZED SLATE AND VERMONT
STRUCTURAL SLATE COMPANY
Office at Fair Haven.

Officers : President, D. L. Carpenter; treasurer, M. A. Owens; manager, E. S. Car-
penter,

Quarries at Castleton, Fair Haven, and Poultney.

Products: All unfading colors, except red, made into roofing and structural slate
(flooring, electrical slate, etc.) ; also marbleized slate.
This company is the oldest slate company in Vermont.

MAHAR BROTHERS SLATE COMPANY, INCORPORATED
Office at Fair Haven.

Officers: President, George M. Mahar ; vice-president and general manager, Thomas
Mabhar; secretary-treasurer, Edward F. Mahar.
Quarries at Poultney and Castleton.

Fabricating plants: Roofing slate mill at Poultney ; electrical and structural slate
mill at Hydeville.

Products : Unfading-purple: unfading-mottled-green, and purple-slate, sold mostly as
roofing slate, but also for electrical and structural purposes.

This company also leases the Minogue Brothers and Quinn mill at Hydeville.

PEDRO BROTHERS PARTNERSHIP
Office at Fair Haven.

Partners: Joseph Pedro, Rivese Pedro, Tony Pedro, John Foote, Dominic Sbardella.
Quarry at Scotch HIL

Products : Unfading-green, mottled-green, purple, and gray slate, sold for roofing slate
and flagging.

W. H. PELKEY, INCORPORATED
Product : Roofing slate.

C. R. BEACH
Office at Fair Haven.

POULTNEY

THE CAMBRIAN SLATE COMPANY
Office at Granville, N. Y.

Officers : President, David O. Roberts ; secretary-treasurer, Iola San.
Quarry at Poultney.

Products: Sea-green and variegated roofing slate.

FRED GRAVES
Product : Rooﬁng slate.

LANDSCAPE SLATE AND ROOFING COMPANY
Office at Poultney.
Officers: President, D. O’Brien; vice-president, W. H. Williams; treasurer, R. I.
Williams ; sales manager, G. W. Sutter.
Quarries at Poultney.
Products : Roofing and flagging.

H. A. MATOT
Product: Roofing slate.

N\

\ -
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THE STASO MILLING COMPANY

ey. ’
ggtc;r: t g?ﬁ;ﬁet{t, John W. Powers; secretary-treasurer, W

er, Charles T. Kett.
mamguarries at Castleton and Poultney.

1 at Castleton and Poultney. . .
Producs: Site gramice (green, redynd i Al slor i
y i nd mills 1n s ,
The company also has quarries a

. F. Krohn; general

= THE UNITED SLATE COMPANY
Product: Roofing slate.
INTERNATIONAL SLATE COMPANY

Office at South Poultney.
THE VERMONT SLATE FLOORING CORPORATION

PAWLET
OWEN W. OWENS' SONS, INCORPORATED
Office at Granville, N. Y.

Officers: President, D. O. Owens;

T.
Oweas{,a]r ries and mill at Pawlet.

II)\;-OSUCEI‘:hEOlgfgggrizits: Slate Company of Granville has been merged with this cor-
ote—

poration.

vice-president, W. R. Owens; secretary, D. O.

THE O'BRIEN SLATE COMPANY, INCORPORATED

t Granville, N. Y.
825;:: President and secretary-tr
Quarries at Pawlet.
Product : Roofing slate.

easurer, James O’Brien.

WEST PAWLET

RISING AND NELSON SLATE COMPANY

Offce at Y&l Risin Nelson, A. H. Morrill. S
gart:']:iress:a%dl\fr;illllslsz:.zg'\’?\f’g.stsl"avvelet, Poultney, Fair Haven, and in Maine.
ual

ing, flooring, etc.

Products: Roofing, flagging,
OWEN L. WILLIAMS AND SON
Postoffice address: tG@nI\{islle\,f tN Y.
d quarry a ells, Vt.

8&%?1&2: ‘Ilélooﬁgg slate and flagging.
Dealers in all slate products.‘ ‘
About 400 men are employed in the slate industry.

SAND, GRAVEL AND CRUSHED STONE
VERMONT DEALERS IN SAND AND GRAVEL

................... L)\'ﬁclox:i}f'illii

HL G Calkifis oorennessssssncee s reee e donyil
QO e Shaf!;sbury
%a\i{ey OCrusher ........................... ot mrstd

L OVEroCKer .....ioocuesrnsnssnssn e T R\'Jtlz}nd
ll%;’t}glnd ga“d & Gravel CO. ...oooorroeeeee Burlington & Morrisville

Vermont Stone Products [0 TP
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DEALERS IN CRUSHED STONE

Barton Construction Co. ... i Barton
Alfred Perotta, red quartzite .......... ... ... ... ..o Burlington
Fonda Junction Lime Company, limestone ................. Fonda Junction
H. B. Huntley, limestone .............................. Leicester Junction

Rutland City Quarry ... i Rutland
St. Albans City QUarry ...ttt St. Albans
Swanton Lime Works, limestone .......................cc..u.... Swanton
Vergennes City Quarry, dolomite .............................. Vergennes
Vermont Stone Products Co. .......... ... ... ... Burlington & Morrisville

Wells-Lamson Granite Co., granite ......... ... ..c.ivviiiinennaann Barre

SOAPSTONE

THE VERMONT SOAPSTONE COMPANY

Office and mill at Perkinsville.

Proprietor : John H. Hicks.

Products : Soapstone sinks, wash tubs, griddles, laboratory fittings, etc.

The company obtains its soapstone from the Holden quarry, near Chester, and from
Virginia.

BRICKS
As far as is known, only two companies are making bricks in the state.

THE DRURY BRICK COMPANY

Postoffice address: Essex Junction, Vt.

Officers: President, H. K. Drury; treasurer, M. W. Drury.
Product: Sand-struck bricks.

Output in 1946: 4,500,000 bricks.

Number of men employed: 45.

THE BENNINGTON BRICK COMPANY

Proprietor : Peter Lemieure. .
No further information has been received.

NUMBER OF MEN EMPLOYED IN THE MINERAL INDUSTRIES, 1946

ASDEStOS o vttt e 150
107575507 o P 150
GraAMIEE oottt ettt e e e 1,475
LIIE oottt e 170
Marble .o e 1,247
LAl oottt e 103
Slate, aboUt ... vti i e 400
(0 1721 45

3,740

In 1940, 4,062 were employed.
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Gile Mountain schists
Mica schist quartz- mica schist, gornat-mica schist bistite schist
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Memphremagog formation
Arenoceous micoceous dolomitic limestones and mica schists.
SPa, Stunding Pond omphibolite (naedla amphibolita censpicuovs)
9s,coarse gornet schist oscurring with omphiboiite Vs,
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