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STATE OF VERMONT
OFFICE OF STATE GEOLOGIST
BurLINGTON, VT., December 30, 1918.

To His Excellency, Horace F. Graham, Governor of Vermont:

Sir:—In accordance with Section 405 of the General Laws
I herewith respectfully submit my eleventh biennial report as

State Geologist.
’ During the years 1917 and 1918 the usual work of the State
Survey both in field and office has gone forward.

There is always a considerable amount of correspondence
necessary and each year a large number of samples of rocks and
ores are examined besides samples of proposed road material.

Portions of the State hitherto unstudied, or at least needing
further investigation, have been investigated and important
additions have thus been given to our knowledge of Vermont
geology.

A summary of this work is presented in the following Intro-
duction.

Unfortunately the work of the Topographic Survey of
Vermont which is carried on by the United States Geological
Survey in cooperation with the State has been wholly interrupted
by the war.

All available engineers have been called into war work, but
now it is hoped and expected that this mapping so very im-
portant to the development of our State will soon be resumed.

As many know, the cost of such mapping and the prelim-
inary surveys necessary is expensive and would be beyond the
ordinary resources of the State, but thru an arrangement with the
Federal Survey the work is done in the best possible manner at
a fraction of the total cost so far as the State is involved. The
initial cost of the field surveys is shared equally by the Govern-
ment and the State and then the further cost of preparing, en-
graving and publishing the maps is wholly borne by the Federal
Government.

There can be no doubt that in the long run these maps save
many times their cost and that any appropriation by which this
work can be continued is very wise economy.

More than a third of Vermont is now mapped and the maps
published and to be had from the U. S. Survey or from several
d ealers in Vermont. Preliminary work has also been completed
over areas beyond the boundaries of the published maps.

Respectfully submitted,
GEORGE H. PERKINS,
State Geologist.



INTRODUCTION

The present volume is the Eleventh Report of this series, the
first having been published in 1898.

The work reported as accomplished during the two years,
1917-1918 is similar in character to that of former years, but has
covered a larger portion of the State and includes important
results.

As heretofore we have been very fortunate in valuable
assistance, freely given by several excellent geologists whose work
has added much to the knowledge of Vermont geology.

Physiography is now so generally taught in our public
schools that in the first chapter the Geologist has attempted to
give a somewhat detailed account of the physiographic features
of the State, for surely, if any physiography is worth while that
of one’s own vicinity is most so.

As will be readily seen by those reading this chapter, our
Vermont physiography is complicated, varied, and very interest-
ing.

It is because of these characteristics that our scenery is so
attractive and some knowledge of its why and wherefore is very
desirable.

The second chapter is a concise summary by Professor
Richardson of the more important geological features of eastern
Vermont.

In some respects this and the preceding article follow
similar lines, but this should not detract from the value of each
for, while in substantial agreement, they give views from different
standpoints.

In the third chapter Professor H. L. Fairchild has given a
very illuminating study of some of the ancient water levels,
evidences of which are not uncommon in many parts of the State.

This chapter supplements former study by Professor Fair-
child, who is our best authority in this particular phase of geo-
logical study, reports of which have been published in volumes
immediately preceding this.

Altogether these discussions contain by far the most com-
plete and satisfactory statement of the causes of many of the
level tracts which are scattered here and there over many parts
of the State, which is to be found.

The fourth chapter gives a somewhat detailed account of the
structure, and character of the rocks found within that partfof
the Green Mountains which is included in the recently com-
pleted ““Rochester Quadrangle” by Professor W. G. Foye. The
results here given will be welcomed by all students of Green
Mountain geology. °

Following this are two chapters in which Professor C. H.
Richardson has extended his previous study of the rocks of
eastern Vermont into the towns of Northfield and Roxbury and
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interesting observations will be noticed by those who read these
Chap%rrcs)fessor E. C. Jacobs in the next three chapters discusses
some features in the economic geology of the State and treat;
of the Copper, Talc, and Lime industnes,.and anyone intereste
in these materials will find here the latest information concerning
them’fo the “List of Elevations in the State” published in the
Tenth Report, a few additions should be made and these are here
glvenMr. J. W. Eggleston has furnished a structural and petro-
graphic study of the rocks in the town of Cuttingsville. This
paper was first published in the American Journal of Symencei;
May 1918, but Mr. Eggleston has added another season’s \xlrjor
and incoréorated the results in the present publication. . ro;
fessor N. C. Dale spent one season in investigating the ro.c1 St 12
part of the western slope of the Green Mountains and, whi % _ ?[.
full report of this work is not yet ready for publication, a brie
imi tatement is given at this time.
prehrlil/ll?.ag ;I Pierce of the U. S. Geological Survey presents }al
report of the work carried on by that Survey in cooperation wit
is State in Stream Gaging. )
this SFizilally, there is a brief report upon the mineral resources of

Vermont.

PHYSIOGRAPHY OF VERMONT

GrorGeE H. PERKINS.

The physiography of Vermont, or of any region, is the record
of its more recent geology, of the latter stages in the age-long
process by which the present surface has come to be asitis. In
some localities this record is far more complete than in others and
therefore indicates far more of what has taken place in past time.,
In some places the story is simple and readily deciphered, while
elsewhere it is complex and difficult or impossible. This is not
only true of different parts of the country, but of different parts
of a small area like that of this State. Where there has been great
disturbance and rock masses have been thrown out of their origi-
nal position, or raised from below the surface, it is more often
possible to make out the past history than where there has been
little thrusting and overturning.

In many parts of Vermont the immediate surface features
can be understood without great difficulty, but in the mountain-
ous regions there have been so extensive changes that it is very
hard to discover, in many cascs, what the original condition of
the upthrust rocks must have been. A great deal has been
settled as to Vermont geology, so far as it can be seen and
studied, but a great deal remains uncertain.

The origin of lakes, valleys, sand hills, and plains, of many
of those features which are most obvious as one looks over any
Vermont landscape, can be found, but when one asks of the origin
of the marble and granite there is more uncertainty until care-
ful investigation has revealed the present structure, and from this
the past history of these rocks, and when the Green Mountains
and their foot hills are questioned, the answer is long in coming
and thus far can only be given in part. This is because in the
processes of mountain making the original materials have been
so entirely transformed that the task of ascertaining their first
condition and character is often almost an impossible one.

The physiography of a region, then, is its surface geology,
and it will include more or less of the deeper strata, as these deep
beds have, by reason of disturbance, been brought within the
field of the student and their study made in some degree possible.

The increased interest and charm which a knowledge of the
why and wherefore of that which is seen gives to any bit of
scenery hardly needs to be mentioned, and one main reason for
writing this chapter is that some of the many who ride thru the
valleys and over the hills of our State may see more than the most
obvious and prominent characteristics of the landscapes they
must admire. If one can understand even a little of how all this
came to be as it is and can know that nothing is by chance,
nothing is what it is and where it is, except because of the orderly
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action of orderly forces which may in some measure be under-
stood, the world which he finds about him will be transformed
and glorified. Being assured that there is a reason for the sand
plain and for the gravel bank or rocky ledge, for the winding
stream or the green hill, for any and for all the parts which to-
gether make up a landscape, one finds a joy and an inspiration
wholly different and vastly greater than can come from the usual
casual glance over the same scene. Not merely to gaze at the
topographical features of a bit of country, but to study them and,
so far as may be, find why they are—this is to enjoy a ride or walk.
Vermonters, or, indeed, any who may take a trip thru some part
of the State, will seek in vain for any region which offers more
interesting problems of the sort just intimated, or more varied.

There is not a little Vermont physiography, as has been
noticed, that is very complex, but there is also much that is
simple and to be understood with very little effort. But no
pleasure can come without some effort, and those who are un-
willing to work for the good they may get do not deserve to have
it and will not be likely to find it. It is labor well spent that is
given to gaining some knowledge of the physiography of any re-
gion which one may pass thru.

At best only a part of what has been in the geological history
of any part of the earth can be ascertained. Nothing is more
fully impressed upon the mind of a working geologist than that
the record available for study is very incomplete. A great deal,
perhaps more than appears, has been wholly effaced during the
changes that have taken place while the earth was in the making,
but, notwithstanding this, it is evident that many indications, if
no more, of what has happened, can be found, and always a most
interesting story can be made out even tho incomplete. Not
only is the scenery of Vermont charmingly varied, but the geolo-
gical agencies which have worked together to produce it have
been of many sorts. Indeed, there are few processes of which
there is anywhere record that cannot be traced in Vermont.
And it is by these many forces and many activities that our
scenery has been brought to its present attractiveness and also
is constantly being modified.

No one would dare attempt to say how long the time during
which the rocks of Vermont were accumulating, solidifying,
folding, changing in every part of structure or even to some
extent, composition. They have been folded, uplifted hundreds
of feet and depressed at another time hundreds of feet. They
have been split, broken, crushed, melted, frozen. Now violent
and volcanic, now quiet and slow, now local, now extending far
and wide these geological activities have gone on to make Ver-
mont what it is. As Dr. Geikie, in that very suggestive book,
Scenery of Scotland, has remarked, “The problem of the origin
of the scenery of any part of the earth’s surface must obviously
include a consideration of the following questions:—1. The nature
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of the materials out of which the scenery h
2. The influence which subterranean movgmeiis}f:éle %r;c? ﬁcecil.
th_ese _materials, as, for instance, in their fracture displacemgnt
plication and metamorphism, and whether any e\Yfidence can be
recovered as to the probable form which they assumed at the su :
face when thpy were first raised into land. 3. The nature anr&
Zﬁeflc“; of erosion which they haye undergone since their upheaval
£ ;E gvitillt{)gtcaihperlo@_ within which the various processes.,
rere ascribea.’(’) e conjoint operatlon. of which the scenery is
It will be helpful if we take a general surv i
periods during which the makinggof our scerfg;;fvggstg?gic\:g;ggl
As always, in going back towards the beginnings of anythin we
finally reach the very uncertain and indefinite. Of cours% we
gquc‘;thhe;’e that 1there was a beginning, but when we attempt
re to ourselve inni i
o] a’}:\}?  to oursely ihoi; 1(zjchers what that beginning was like we
_ The Adirondacks are the oldest, probably, of the land i i
r;glon, and as they were formed, at least for t}}rl,e most pa?;:i gle;cglrlz
there was laqd on this side of the Champlain Valley, a gobd deal
of the material from which the oldest part of western Vermont
was built must have come from these mountains. There is, ap-
pare;ntly, little 1and anywhere in the United States that in Es
ancient as the Adirondack region, tho there are areas which
even antedate the formation of this, but they are not extensive
i; ‘the storm driven waves of the old sea dashed against thé
thi;ronda.tc)k mass and beat the hard and solid rock into sand
e vgas orne eastward, and in time was consolidated into thé
ed Sandrock which at first covered to a depth of thousands of
feet the whole, or at least a large part, of what is between the
Adirondacks and the Green Mountains and perhaps, t
exterX, ea.slt of these mountains. ’ P o some
s will be noticed later, the Sandrock Hills
stone outcrops are the meager remnants of wha‘cag.l‘éi ﬁ1;'}sl1(;3 v?raarsld;
great mass, now so nearly carried away. Mount Philo, Red
Rocks, Snake Mountain and other existing masses are all that
are left to tell of ‘the former extension of Lower Cambrian beds
What of this age is in the main mass of the Green Mountains has.
not yet been found. It would seem probable that in the deeper
parts of the mountains there is considerable rock of the CaI;n-
brian age throughout‘ the range, but it has not been determined
eéxcept in a few localities, notably in the mountains of Rutland
P;);I(l)ty. bStﬂl older rocks have been found in these mountains
Pre- ea.rtn I‘lall’l, how much older, cannot as yet be determined,
& X 1\;[eme y'probable.tha‘c throughout their entire length the
teen ountains contain rocks older than any which appear
ahor near the surface, as it is certain they do in some localities
where the mountain structure has been most thoroughly studied
Where these very old rocks occur they must be in what may be:
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called the foundations of the mountains. By far the greater
part of the Green Mountain Range is later and consists of highly
metamorphosed strata, some Cambrian and more Ordovician.
To some extent this is true of the whole State.

Only very limited areas in the State are newer than the close
of the Ordovician and we may consider the present land to have
been formed and raised out of the ancient seas soon after the
Utica which is the close of Ordovician time. From the close of
this time thru many ages of great duration until the great ice age
which immediately preceded the present, very little rock was
formed in Vermont and for most of this period Vermont, or what
is now its area, lay exposed as land to the slow, but irresistible
action of the elements—the quiet action of rain, snow, frost, sun-
shine, water in all its forms, and whatever atmospheric agencies
may have been present. It will be profitable to review somewhat
in detail the history of these times during which all that we now
see was formed.

As has been noticed we can only conjecture the condition of
the country in the earliest period of which we have any evidence,
tho necessarily there must have been those before this. Sub-
sequent changes have obliterated all traces of the carliest times
and of those which directly came before the paleozoic only im-
perfect remnants tell us something of the story, but from the be-
ginning of the Cambrian on, abundant tecords of no uncertain
interpretation are everywhere present and very obvious. So far
as our certain records indicate, the New York Adirondacks, older

as a whole than our Vermont rocks, were raised in a much
greater mass than now, for, during a period of time so long that
we dare not attempt to estimate its duration, these elevations
have been wearing away and the waste of these older masses has
furnished material from which the older rocks of western Ver-
mont were built up.

At some time after the elevation of the Adirondacks, or it
may be about the same time, a probably not very high fold of the
crystalline Eozoic rock, upon which rested old, tho later, beds of
Algonkian age, rose along the line of the Green Mountains. Thus
it appears that in very early times the present Champlain Valley
was outlined by the elevation of these two ranges, or ridges, and,
that it is for this reason one of the most ancient of North Ameri-
can valleys. Although in some of its features different from its
present outlines, this valley has remained much as it is today in
its long and narrow form and in its boundaries, only it was at
times narrower and at times broader, so far as the immediate
shores of the lake are concerned, and for a long time was one
with the present Hudson Valley and thus extended from the
Atlantic, at New York, to the Gulf of St. Lawrence. The east
and west boundaries, of course, could not vary greatly, for the
ranges which made these limits did not change.

We know that the backbone of the Green Mountains, of
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whatever rock composed, has been deeply covered by beds of
later rocks, sandstones and limestones, and as must be noticed
over and over again in this account, these, at first ordinary
beds of Cambrian and Ordovician material, were wholly trans-
formed into the schists and gneiss of the mountains as now seen.
Whethe_r the elevation of the Green Mountains was single, that
is, continuous for ages, for if continuous it must have gone on
from some early Pre-Cambrian period to the close of the Ordo-
vician or later, and this would mean an immensely long time, or
there were two or more times of rising, one before and onc at least
a:fter Ordovician time. If the latter, which I am inclined to be-
lieve more probable, then there was a time of very carly eleva-
tion of unknown altitude. If this elevation was considerable
thep erosion reduced it to a lower height, or even to a level, over
which Ordovician seas existed and deposited the materials from
which the limestones, etc., were made.

Then came another time of rising after the added mass of
these later beds had been received. Whether this elevation was
rapid or slow is not wholly certain, but its resulting rocks indicate
that it was slow and that it reached a much greater height than is
now found in the mountains. This must have been, for erosion
through the vast interval to be noticed presently and that of the
great ice sheet which covered the highest peaks would of neces-
sity have carried off immense quantities of material and we find
this in the great sand and clay deposits familiar to us of today.
This disturbance of Ordovician beds was so extensive that it
covered the whole State except in the immediate vicinity of
Lake Champlain. Here, as has been shown in detail in former
Reports*, the beds of this age are usually not much tilted and
not at all metamorphosed, but a very few miles east of the lake
everything is changed so completely as to be quite unrecognizable
at first gxamina.tion. Certainly, no one would from a casual
observation suppose that the schistose and crystalline rocks of
the Green Mountains were ever the limestones and sandstones
of the Chazy or other Ordovician beds, nor that those usually
orderly and regular strata could by any process become the con-
torted and plicated beds of the mountains.

Until recently it has been supposed that the rocks east of
the Green Mountains were all completely metamorphic, but Dr.
Rlchardson’s discoveries, as he has been carrying on investiga-
tions as Field Geologist of the Vermont Survey, have shown that
al} over the territory between the mountains and the Connecticut
River, there were beds which afforded imperfect fossils which
identified them as of Ordovician age. While in the mountains
themselves the metamorphism of the stratified beds was not
suqh as to greatly benefit the future State, in the marble and 3late
regions it was different, being less complete and perhaps affecting
rocks of a somewhat different composition, though they could

*Tenth Report, pp. 200-231. Also previous Reports.
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not have varied greatly, and as the result the commercially valu-
able marbles and slates were formed in the Rutland district and
in Poultney, Pawlet, etc.

Here and there in the State, especially in the Champlain
Valley, bands of rock from two or three inches wide to several
feet, in a few cases as many as twenty, are conspicuous as they
cut thru strata of very different character. These are the dikes,
streams of volcanic material which were forced from below the
surface directly thru the other and, of course, older rock.
Very likely some of these were formed during the great trans-
formation that came during the mountain making, but some are
more recent and there there is no indication in their surroundings
when the activity which caused them took place.

Then, in the Granite Hills of eastern Vermont there is proof
of other, and it must have been great, disturbance for these from
which all our granite is taken, could not have been produced
by any little force. More will be said concerning these granite
masses later. They are undoubtedly of somewhat more recent
origin than the marbles and slates but just when they were raised
from depths below it is not easy to decide with confidence. It
at present seems most probable that the granite of Vermont was
formed for the most part during or soon after the close of the
Devonian age. Some of the granite, however, must be later than
the main body, for dikes of granite are found in some quarries
cutting the greater mass, and of course these are later.

After the granites were thrust up there does not seem to have
been any commotion or great change in the land of Vermont
caused by the internal forces of the earth. Change, great change,
as will be shown, took place, but it was slow and quiet. With
the exception noted, the enormous interval between the close
of the Ordovician and the activities of Glacial time was, so far
as great convulsions were concerned, much as now when, tho
changes are going on everywhere, they are so slow and silent that
none are aware of them,

During this quiet time, millions of years long, there passed
the Silurian, Devonian, Carboniferous, Permian of the Paleozoic,
the three ages of the Mesozoic and the first age of the Cenozoic.
All these ages in which thousands of feet of slowly deposited
rocks were laid down in other parts of the country and thousands
of species of animals and plants appeared, developed generation
after generation, and disappeared, and great changes in the con-
tinent took place, especially in the relative position of land and
water areas—all this before the last great geological age came on
the world’s stage, with the exception of a small area in western
Vermont where in the first part cf the Cenozoic, the Tertiary,
there was a small deposit of strata of which the Brandon lignite
is most interesting. It is not difficult for us to understand that
with such an age-long period in which to accomplish their work,
the powers of the air and the waters, however slow in effecting

REPORT OF THE VERMONT STATE GEOLOGIST 7

results, must have greatly altered the face of the country so that
at the close of the great interval which stretched between the
Ordovician and the Pleistocene, the surface of the region was far
different from its beginning. _

The age immediately preceding the present, characterized
as the Great Ice Age or Pleistocene, finally came. With the coming
of this age the slow and regular changes which had been going
on ceased and more rapid movements wrought the finishing work
which brought our State into its present appearance and made
the surface, at any rate, what we see it to be. The frosts and the
rains, the cold of winter and heat of summer, had done much to
break down and wear away rock masses, but now all changes
were effected with vastly increased rapidity. As in far more
ancient times the beds of slate, marble and granite had been
formed, so now by the more violent activities of the Pleistocene,
the soil which is all important to an agricultural region was
formed more speedily and distributed in such fashion that it
could be used.

It is not likely that during the great interval between the
Ordovician and the Pleistocene the surface of the country re-
mained wholly quiescent. We have, however, no indications
of land elevation and depression, except locally in the region
of dikes, but that during the Pleistocene the land was extensively
moved up and down is plainly shown. During the early part of
the Pleistocene the whole northern country was raised to an
elevation several hundred feet above that which it now has.
Perhaps not only the northern part, but the entire continent was
raised even thousands of feet, but we have here only to con-
sider the region which became finally our own State.

There were of course many results following this extensive
uplift of the country; one was the accumulation, in incalculable
masses, of snow and ice north of the St. Lawrence. Three great
sheets, glaciers, are usually recognized by geologists, one, that
which alone concerns us, started in Labrador from a center and
moved from here to a comparatively small distance northward
to the ocean, but by far the largest part of the mass moved, as
all glaciers move, in a southerly direction covering the eastern
states and much of the middle west with thousands of feet of ice.
West of this was a still larger ice sheet, which started just west
of Hudson Bay and extended over a great area in British Colum-
bia and south about as far as did the Labrador sheet, that is,
somewhat beyond the Ohio River. Then a smaller sheet occupied
a narrow belt of the Pacific Coast from Alaska to the Columbia
River.

How thick these ice sheets were is not determined so that
geologists are agreed, but it seems certain that our Labradorean
sheet must have been at least four thousand feet, for it went over
the Green and White Mountains, leaving its marks upon the
very summits. The crushing, grinding, wearing power of such
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an ice sheet it is impossible to imagine, but we cannot doubt its
enormous amount, nor that it modiﬁed. to a considerable ex-
tent the form and mass of all our mountains and produced much
of the material now forming our soil. ~The ice of the Labradorean
ice sheet must have been thousands of years in accumulating
and moving slowly, as all glaciers move, 1t must have tg.k(;n
other thousands of years for the front to reach its southern limit.
By the vast weight of such a mass cf ice, too vast for computa-
tion, the earth’s surface appears to have been depressed so that
the several hundred to over a thousand feet of elevation which
took place in the early part of the Pleistocene was followed by
a corresponding depression, tho probably less than the elevation.

Then came another change in climate when the arctic con-
ditions which had prevailed for so long were changed gradually
to milder and the ice melted. How long was required for such a
glacial sheet to change from ice to water cannot be guessed, but
that immense volumes of water camec pouring down from the
melting ice cannot be doubted. This was a time of great floods,
greater than ever known or imagined, and by these torrents the
loose material broken up by the great glacier was distributed
and the whole face of the country changed. As the pressure
of the ice was removed by melting the land again rose, not to
its former height, but several hundred feet. Necessarily, by
the rising and falling of the land the streams and all bodies of
water were materially affected, some more, others less. Lakes
then existing were greatly flooded and were in some cases sevez:al
‘times as large as now and by one sort or another o_f glacial
action and the subsequent floods, many new lakes which have
continued were formed. A few, by changes in the adjoining land
were drained and only their ancient beds remain. The same
conditions, in many cases, altered the courses of streams, as
numerous old channels now testify, tho in Vermont these changes
do not appear to have been as great as 1n some other parts of the
country where the old river beds are directly across the modern
courses. Other river channels were deeply buried beneath the
gravels, etc., of glacial drift. These are not infrequently found
in digging wells. In the Eighth Report of this series a brief
account of the history of lake Champlain is given and a part of
+this refers to the Glacial Period.* As this is a typical example
of what took place in the development of many lakes and ponds
it is referred to here as an illustration. -

After the last elevation of the land surface conditions became
more as they are now than they were formerly, but as this was
many thousands of years ago, a great deal of erosion has come
over the surface since, thereby changing its character, more in
some places, less in others. From that far remote time, when by
the two ridges, mountain ranges or whatever they were, the
greater outlines of the Champlain Valley were formed, until the

*Eighth Report, Vermont Geologist, p 44.
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present, it is easy to understand that changes many and great
have come upon the face of this country that we now call Ver-
mont. Changes so vast as to be quite incomprehensible. Any-
one who studies the physiography of the State with any degrec of
thoroughness will soon be convinced that in all its history it is
too great for full comprehension, but he will also be convinced
that the part of it which he is able to compass is richly worth
all his effort.

As has been already noticed, the long north and south shape
of the area between the Adirondacks and the Green Mountains
has existed from very early times. So also the area between the
Green and White Mountains, tho these latter are somewhat later
in origin. Not only do all the elevations extend in north and
south lines, but practically all rock beds as will be shown later.
Vermont really consists of three narrow strips reaching from the
Canada line to Massachusetts, one, the western, between Lake
Champlain and the Green Mountains, the castern, between the
Green Mountains and the Connecticut River, and the mountain
range itself. Any traveller in the State knows the difficulty of
going the few miles that it is necessary to pass between the east
and west sides of the State, for there are few places where the
Green Mountain barrier does not present an almost impassable
obstacle. Certainly these mountains dominate the State and
with the foot hills, occupy a considerable part of its territory, so
that little of the surface is level. Itis this irregularity caused by
the mountains that constitutes a great part of its natural beauty.

While the Green Mountains are a far more dominating fea-
ture of our scenery than any other, yet they are not the whole,
not even all of our mountains. These mountains alone extend
thru the state from Canada to Massachusetts and are by much
the greatest of our elevations. They are well named as nearly all
the peaks are green to the very top. Black spruce intermingled
with other conifers form the forests at the higher levels while
hemlocks, a few pines, and various deciduous trees are found over
the lower slopes. Throughout, these mountains are externally
composed of schists and gneiss, but there is more or less older
rock in the mass of the mountains than these metamorphosed
Ordovician beds, as has been already stated.

In the northern part of Vermont the Green Mountains are
not grouped in a single range, but are spread out in two rather
irregular ranges which together are scattered over the greater
part of northeastern Vermont. Necessarily the topography of
this part of the State is very irregular and the scenery unusually
picturesque, even for Vermont. About fifty miles from the Can-
ada boundary the mountains are brought within narrower limits
and from Stowe or Waterbury south there is a single well defined
range and the highest peaks come in this part of the range, as
Mansfield, Camel’s Hump, and Killington. The “Chin’”’ of
Mansfield, 4406 feet above the sea level is the culmination of the
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as to the details of their makeup is known, with the single ex-
ception of Bird Mountain, which Mr. T. N. Dale has studied very
carefully, as shown in his report in the Twentieth Annual Re-
port, U.S.G.S., pp. 9-23, Part IT, 1898. Probably, however, the
structure of Bird Mountain is not to be taken as a type of the
whole group, but each mountain may well have its own more or
less special structure.

The main mass of Bird Mountain, Mr. Dale finds “a large
area of metamorphic grit and conglomerate alternating with
beds of sericite schist.” Mr. Dale’s conclusions are as follows:
“Bird Mountain is an open syncline within the Taconic Range
and consists of about 500 feet of grit and conglomerate inter-
bedded with muscovite (sericite) schist and underlain on all
sides by schist of similar character, but frequently containing
small beds of quartzite. The presence of pebbles of crystalline
limestone, calcareous quartzite, and granitic quartz in the con-
glomerate shows that at no great distance rocks of these kinds
were above sea level at the time of its deposition. The presence
of a carbonate of iron, magnesia and lime, both in the cement and
the pebble-like masses in the grit, indicates that these pebbles may
be due to brecciation and solution and that the area of the Bird
Mountain grit may have been a basin in which fine ferruginous
and calcareous sedimentation took place and also coarser detritus
was collected. The stratigraphical relation of the schists which
underlie Bird Mountain, both to the Cambrian on the west and
to the Ordovician on the east, and the synclinal structure and
position of Bird Mountain itself indicate the upper part of the
Ordovician as the probable age of the grit. While some of
the pebbles must have come from Pre-Cambrian beds, others
originated in Cambrian beds and the carbonate pebbles may
also be of that age.” 1. c. page 23.

Red Sand Rock Hills.—There is a third series of hills and low
mountains north of the Taconics and of lesser mass. Cobble
Hill, Malletts Head, Red Rocks, Mutton Hill, Mount Philo,
Hogback Mountain and Snake Mountain are the larger of these
elevations, which begin with Snake Mountain in Addison and
from here are found at intervals, not far from Lake Champlain,
north to St. Albans. They nowhere form a range, though Hog-
back Mountain is so long that it nearly constitutes a small range
in itself, but are more or less isolated elevations, for the most
part of no great diameter. They are entirely composed of Lower
Cambrian sandstone, of usually a dark red color. In some
cases, as Cobble Hill in Milton, there are shales and quartzite.
These, as has been stated, appear to be remnants of an old Cam-
brian land which once covered a considerable part of the Cham-
plain Valley, but which has been mostly eroded off and carried
away leaving only a mass here and there to tell the story of the
ancient extent of the whole deposit. As has been indicated, most
of these elevations are not more than a few hundreds of feet in
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height, but Hogback reaches in one part to 1850 feet, and Snake
Mountain is 1271, Mount Philo, 968.

So completely has the Cambrian been removed from much of
western Vermont that it is impossible now to determine its former
limits, but there may well have been many square miles in extent,
and thousands of feet in thickness.

The Granite Hills—The fourth series of clevations are the
Granite Hills which are found east of the Green Mountains, be-
tween them and the Connecticut River. They are nearly all
north of the middle of the state, as Millstone Hill in Barre, Robe-
son Mountain in Woodbury, Kirby Mountain in the town of the
same name and a number of others. These are very unlike the
others in structure and age. As to material they are all intrusive
rock, granite, and do not contain any sedimentary rock. In-
significant as these Granite Hills appear to be as compared with
the greater groups, they have been and for many years will be of
the greatest commercial importance to Vermont as from the
granite quarried from these hills millions of dollars are brought
into the State every year.

Thus it appears that Vermont not only is made up of the
greater range of the Green Mountains, but that there are the
quite important ranges of the Taconic Mountains, the Red
Sandrock Hills and the Granite Hills. As each of these differs
from the rest in geological structure and age so they differ in form
and a trained eye can easily distinguish any of one series from
those of another. Perhaps the relative age of thesefour groups of
mountains has been sufficiently discussed and little more need be
said. The Green Mountains are the oldest, if we go back to the
first formed ridge which marked the line of the future range, but
they must have passed thru many changes in form and structure
long after the Taconics and Sandrock mountains had appeared.
Indeed, the Green Mountains were in nowise as now, with their
schists, gneiss, and quartzite, until long after the days of Cam-
brian deposition and erosion. There are some parts of the
Taconics which may be as old as the Sandrock Hills, but most of
their mass seems to be Ordovician. As has been stated, the
Granite Hills are probably Devonian.

Nothing is more often brought to the attention of the field
geologist than evidences of vast erosion by which incredible
masses of rock have been wholly or partially removed from their
original position. Wherever the rocks are studied there is likely
to be found proof that much of the former surface has disappeared,
leaving only fragments which serve to show what has been. This
is not always the case, but often it is. This is as true of Vermont
as of any region. The great denudation after the Cambrian de-
posits had been laid down has been noticed and in the granite
beds another evidence of great changes long ago effected is found
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in the structure of the stone. The Vermont granites have re-
sulted from the cooling and crystallizing of molten lava.

The structure shows that this crystallization must have
been carried on under great pressure and the only pressure im-
aginable is that from overlying beds of rock. That is, the molten
material came from below and met heavy layers of some stratified
rock against which it would push in vain. If this is true, then at
first and for a long time, the granite did not appear on’the sur-
face at a}ll, but was hidden beneath these superficial beds. Now
all granite is uncovered, unless glacial drift has come over it and
nowhere in Vermont is it below other rock, so far as I Know.
Everywhere the granite ledges are swept bare of overlying ma-
terial, except the sands, gravel or clay of glacial production.
Such evidence can have but onc interpretation, that beds of un-
known thickness once covered the granites and have been so com-
pletely eroded and carried away that no trace of them has been
left and we can suspect their former existence only as the crystal-
line structure of the underlying material is investigated. The
age of these overlying beds is wholly a matter of conjecture in
the present state of our knowledge of them. Coming up as the
granite did beneath them they must have been there when the
granite arrived and if this is Devonian or not much later, then it
necessarily follows that the wanting beds were older than De-
vonian. It harmonizes best with what is known of the geology
of the region about the granites all over the State to suppose that
these overlying beds were Ordovician. Professor Richardson
has found Ordovician fossils in the close neighborhood of some
of the granite beds.

Materials so different as some of those in each of the groups
of elevations mentioned must present different appearance after
centuries unnumbered during which they have been exposed to
weathering and erosion of all sorts. To the casual observer
cach of these systems may appear similar to the others, but it
is not difficult to find variations in the main features of one from
those of others. These can often be seen more readily than de-
scribed, but once seen they will always be seen. In case of
the Sandrock Hills there is in all of them a more or less steep
cliff on the lake side and gentler slopes on the other sides. The
Granite Hills are more rounded and dome shaped, while the Green
mountains and Taconics resemble each other in many parts
of their ranges quite closely, but there is a Green Mountain and
a Taconic physiography, and the difference once seen can be
usually recognized. In general, the Taconics as a whole are
more complex in their present outlines than the Green Mountains.

It may be well to call attention in this connection to the great
changes which have been mentioned as occurring since the be-
ginning of both these mountain ranges. Throughout the long
development of the present mountains continual and great
changes have been going on so that if we could picture each as
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it was at one period and at another the views would be very un-
like. I suppose it is impossible for anyone to comprehend the
extent of these changes. As to this I cannot do better than to
quote from a Bulletin by T. N. Dale from which much of what
follows on this subject is taken. (Bulletin U.S.G.S. 272 Taconic
Physiography, T. Nelson Dale, 1905.)

Speaking of the Taconic Area, Mr. Dale finds, after much
study of some of these mountains, that probably not less than
8000 feet of rock, more rather than less, at one time existed in
the higher mountains of this range, tho now the highest is much
less than half of this. But the denudation was not only of the
elevations, it included the entire region that may be called the
Taconic Area. As to this Mr. Dale says, ‘‘As the limestone of the
valley underlies the schist, these valleys must have been originally
covered with schist and therefore about a half mile of schist be-
sides the amount of eroded limestone ought to be conceived as
restored to the valley where the Cambrian limestone
comes to the surface in anticlines the entire limestone formation
as well as the schist ought to be added—i.e., at least 3600 and
possible 5000 feet, leaving out the Silurian grit . . . The
synclinal mountains must correspond to original valleys and
the anticlinal valleys to original mountains.”

Again, “It appears that the amount of denudation has been
very much greater on the once submerged portions of the Green
Mountain anticline than on the Taconic synclines, although this
difference is not so marked when points on the Green Mountain
Range in which longitudinal troughs occurred in the axis are
taken for comparison. It is also evident that the general descent
of the original surface westward as it emerged from the Ordo-
vician sea was much more marked than the present surface in-
dicates.” Dale has noticed the many transverse hollows on the
western side of the Taconics as one of the distinctive characters
of this range, and that these are generally longer on the west
than on the east side.

A very excellent view of the two ranges can be had as one
rides through the Battenkill Valley from Dorset to North Ben-
nington. Here the Taconics are on the north side and the Green
Mountains on the south. A different view is to be had from the
top of Killington or Dorset mountains, and one supplements
well the other and gives a very complete idea of the physiography
‘of each range. The Taconics, as may be inferred from what has
been said, present a greater variety in form and outline than do
the Green Mountains. Of the lower portions of the Taconics
Dale remarks, “The hill forms of the Taconic region consist
generally of long narrow ridges with crests either gently sagging
towards the center or else made up of short undulations with oc-
casional rounded shoulders or dome-like masses, and obtuse
angled summits with saddles or lateral -benches, and ending in
either somewhat steep concave or convex slopes or very gentle
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declivities . . . There are also plateau-like masses with few
prominences having long gentle slopes But few cliffs
occur and these do not exceed 1000 feet and usually are not 500
feet in height.”

As a summary of events in the building of the Taconics,
Dale gives the following:—“The history of the Taconic land-
scape from a geological point of view is a long one. Its chief
events, briefly summarized, were the accumulation in a broad
arm of the ocean of arenaceous, argillaceous, and calcareous
materials by erosion and by mechanical and organic sedimen-
tation; then the formation in these stratified sediments and their
crystalline basement of a series of great parallel folds, diminishing
in altitude from east to west, which caused a retreat of the sea.
This folding resulted in faults, metamorphism and secondary
structures of several kinds. There were three periods of folding—
one at the close of the Lower Cambrian, affecting the central
basin, another at the close of the Ordovician, more far reaching
in its effects, and a third seems to have occurred in Post Silurian
time (Devonian or Carboniferous), as shown in the Rensselaer
Plateau and Bird Mountain. The various materials thus col-
lected, folded, altered and traversed by structural planes, be-
came exposed, as great longitudinal ridges and valleys, to stream
erosion, and that erosion was retarded as it approached base
level or was accelerated by uplifts. The first anticlinal ridge
became denuded of all its sediments, although these amounted to
several thousand feet, and the ancient sea floor became exposed.

‘“The anticlinal ridges west of this were carved into valleys
and the synclines remained as ridges, but in some instances the
original form persisted with modifications. Erosion operated
laterally across these anticlinal and synclinal mountains and also
sculptured them on all sides into forms bearing little resemblance
to their structure. Eventually, completely buried under the
continental glacier which moved both southward and south-
eastward, the surface features became still further modified by the
shattering of the ledges and the removal of blocks, the gouging
and scouring action of boulders and gravel held in the ice. The
melting of this vast body of ice gave rise to streams which freshly
eroded the surface, scattered morainal material and formed glacial
lakes. The Taconic landscape is thus the result of erosion acting
on rock material of various composition and structure.”

I have quoted the above at some length because it not only
explains Taconic physiography, but as well with little change,
the physiography of the Green Mountains. It may be added to
the above that anticlinal structure is much more often found
in the Green Mountains and synclinal beds in the Taconics.

One other elevation is so unlike its fellows that it is to be con-
sidered by itself as in some degree unique. This is Ascutney
which rises near the Connecticut River and stands alone as a
solitary summit, or rather mass. Because of Doctor Daly’s
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. . Hed
ful study of this mountain we have a more fully detaile
lciiroewliedge 0}; its structure than of any other of our y%m?;ni
mountains. Bulletin 209, U.S.G.S. gives the results o ; ocd O
Daly’s investigations and to this all interested in a fartl er1 tlsci
cussion of the mountain, are referred. Because of its isola ie
position Mount Ascutney is unusually conspicuous fo; an e ei;
vation only 3119 feet above sea level. There is no OE:I er .peat
nearer than twenty miles and the mountain StanFlS omlr}Car_l
above wide stretches of lowlands on all sides. But the m}cl)}m ain
was not always so isolated,d if Doctor Daly is correct in his con-
1 o its former condition. ]
Clusm‘{lTeilsetsoftened profiles of the mountain suggest, and a study
of the geological structure of the region proves, that Ascutnle};tls
a residual of erosion. It has been carved out of the once lo ky
Appalachian Mountain System where the sedlmentar}cr1 r?lg li
of the range have been intruded by several stocks aél. t 1cd
dikes of igneous rocks. The relief features of the region discusse
thus belong to the same category as the very common su%ar-
loaf peaks of Vermont located on intrusive granites and syeni{ esf.
Ascutney itself owes its existence primarily to a great stpch ?d
quartz syenite. The picturesque ridge of Little Ascutney és (?th
up by a strong rib of intrusive syenite-porphyry assocn’:yt;z1 W';h
other eruptives more resistant to the weather than eit ir” e
gabbro-diorite stock on the north or the gneiss on the south.
Again, “This general feature of the're_51duals of eroilon (qn
abrupt steepness of ascent along the radiating spurs of the malg
mountain just above the contact between the sedlmentalry an
eruptive rocks), in our area may be repeatedly and clear ylseen
in the granite hills of New England, and might serve to d}spe any
doubt which remains in the minds of those students oEerolswg
who are skeptical as to the prevailing theory of New Eng ant
relief, for it is doubtless true that the most illuminating treatmen
of New England topography finds best explanation for its mougl};
tains and higher hills in the assumption of the superior str}elantg ;
of their component rocks—a strength namely, superior to that o
the rock masses immediately surrounding. “Mount Ascgfcney,
like most New England mountains 1s a residual of erosu_)nf, a
monadnock overlooking a dissected rolling plateau. The relief as
a whole and in its details, is controlled by rock compgsw;lorélr%
a specially definite manner. The drainage of the area 1s that'o
an ancient mountain system. The general form of Ascutney wa;
not essentially affected by Pleistocene glaciation. A .vene?rt }(1)
pre-glacial weathered rock was r'emg)ved and the rounding Gci ! ?
minor points accomplished by ice invasion, but the pre- rlacia
Ascutney had practically the form of the present mountain.
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Surely a most important and charming part of Vermont
scenery depends upon the presence of water and fortunately the
State is well supplied with streams and lakes. Streams of all
varieties, from the little mountain brook that starts from a
spring far above the lowlands to which it leaps and rushes, to the
largest river, abound everywhere in the State, and of course have
much to do with the character of the topography and during ages
long passed have, as powerful agents shaped the features of the
landscape as nothing else could have done. What level areas
there are in Vermont are due to the action of water as they are
sea floors, lake bottoms, stream flats, or delta plains. So too the
gorges and ravines, which are frequent and which add so great
charm to our scenery, are entirely due to stream action.

Most of the larger streams are old and, while their courses
have*been greatly influenced by the elevations, they have in many
cases not been wholly determined by them for, as already noticed,
the large rivers, unless Otter Creek be an exception, run across
the mountain ranges, not along their trend, the streams from the
western slopes of the mountains flowing west into Lake Cham-
plain and from the eastern side going into the Connecticut. The
larger streams, Missisquoi, Lamoille and Winooski are antece-
dent streams and do not directly rise in the mountains, but cut
across or find a way between, to finally pour their waters into
Lake Champlain. A few streams, small rivers, flow north and
empty into Lake Memphremagog. A few others in the southern
end of the State flow southerly and empty into the Hudson.

In a Bulletin on the Surface Waters of Vermont recently
issued by the U. S. Geological Survey as Water Supply Paper
424, there is a list of streams and lakes of the State which is the
most complete that has been compiled. In this list are included
nearly three hundred lakes and ponds, but there are in the State
a hundred more, and five hundred and fifty-eight streams, which is
abundant evidence that Vermont is well supplied with water, for
its entire area is only about 10,000 square miles. Sixty-five of

the streams are called “rivers,” but many of these are not more
than large brooks except during spring floods when they are
roaring, powerful torrents. So many are the streams in some
parts of the State that the early seftlers appear to have been
wholly unable to find appropriate names for them. For example,
we find in different parts of the state five ‘*Mill Brooks,” three
“Green Rivers,” eight “Pond Brooks,” five “Dead Creeks” and
eighteen “Mud Ponds.” It is very obvious that any region
possessed of fourfmountain ranges and such a large number of
streams and lakes must be abounding in attractive scenery, at
any rate in summer.

It would be exceedingly tedious were the mere enumeration
of the names of alljthe streams to be given here, but of the few
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largest some details will not be out of place. Our four largest
streams are Missisquoi, Lamoille, Winooski and Otter.

The Missisquoi is our most northern large stream. For
about a third of its length this river flows north of the Canada
border as it is formed in Mansonville by the union of two
branches, a longer but smaller and a somewhat wider and shorter.
The northern branch rises in ponds near the village of Etienne in
the township of Brome, Canada and flows nearly due south to
unite with the other branch not far north of the border. The
southern branch rises in the mountainous part of Lowell, Ver-
mont and flows north thru Westfield and Troy for about 18
miles and crosses the border in North Troy.

After the union of these branches the course changes to
northwest for a few miles near Glen Sutton, changing to south-
west which course is continued across the line at East Rich-
ford, and on thru Richford, Enosburg, Sheldon, and Highgate
to Swanton village where the stream turns north, and foreight
or nine miles flows in this direction to enter Lake Champlain
at the large bay of the same name not far from the Canada line.
Throughout its course the river is for the most part quiet and with
no strong current, but at a few points there are falls and rapids.
Generally the banks are low and in places the valley is wide.

As is usual in Vermont streams, or in those of any moun-
tainous locality, because of the water coming in the spring from
melting snow and sometimes from heavy rains, this river is very
high and turbulent at that time while in midsummer, especially
if the season be dry, the volume of water is enormously reduced.
For instance in a table given in the Bulletin of the U.S.G.S. men-
tioned previously, we find such extremes as the following:—
“Daily discharge, feet per second April Ist, 7,460,” while in Au-
gust this was as low as 98 feet, tho the monthly average was much
more, reaching as much as 1500 feet once. The fluctuations are
rapid and often considerable as a consultation of the tables given
on pages 91-102 indicate.

The river has built out into Missisquoi Bay a large delta
thru which it finds its way by three main channels, and there
are three lesser, and two closed in ordinary water by accumula-
tion of delta material. East of the delta there is a ridge of
Utica Shale and Chazy Limestone which extends from High-
gate Springs to the falls in the river at Swanton where the stream
flows over the upturned edges of the black shale as is well seen
from the bridge. The delta is somewhat higher than the lake as

Hitchcock has shown in the Seventh Report of this series. He
adds, “More than half of the original width of Missisquoi Bay
has been taken up by the delta. A great bend in the river to the
south of Swanton Village encloses a higher sand flat 156 feet
high which is an older delta than Hog Island. Two other sandy
flats rise, perhaps 40 and 80 feet abbve the village in going east
into Highgate. The surface rises to the finest and most exten-
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probably filling its present valley in many places. In a few
places there are old channels, as south of the Lime Kilns in Col-
chester.

In many places along its course this river flows thru rock
exposures. From its source to Essex the rocks are metamorphic
schists and gneisses. From Essex Junction at Hubbells Falls
there is Beekmantown limestone. Below the lower falls at
Winooski the banks are low and for the most part clay and al-
luvium. The watershed of the Winooski is given in the report of
the Hydrographic Survey as “Approximately 1100 square miles.”

Otter Creek.—Altho this stream has been for many years
called a creek, it is fully entitled to be called a river, as altho
nowhere very wide, it is long and deep. The source of Otter
Creek is given by some authorities as rising in a pond in Dorset
and by others as formed from streams flowing in Dorset and
Mount Tabor. As these streams run from the Dorset pond it
matters little which source is given.

The river enters Lake Champlain at Fort Cassin about
eight miles west of Vergennes, perhaps seventy-five miles from its
source. Its main course is northward, and for many miles it is a
deep, sluggish stream without falls or rapids, flowing thru al-
luvial soil. This is true for some distance south of Rutland and
north as far as Middlebury where there is a fall. In Rutland
the slow flowing current is also interrupted by a considerable
fall. There is also a fall at Proctor, the well known Suther-
land Falls. North of Middlebury there are falls at Beldens and
Vergennes, and in general the current is more rapid than south.
From Vergennes to the mouth the channel is deep enough to
float boats of considerable size and small steamers, regularly
during the summer, sail from Vergennes to several lake ports.
The scenery in the immediate valley of Otter Creek is far less

wild than that of the three northern streams as it is seldom near
any exposed rock outcrop, but as has been indicated, flows be-
tween low clay banks and does not as do other rivers, make its
way thru hills and mountains. Otter Creek is fed by numerous
tributary brooks and streams, many from mountain springs,
and when the winter snows melt in the spring these pour their
torrents into the low-banked river and cause it to overrun its
banks and flood the adjoining meadows, sometimes for many rods
back from the river. Chief among these tributaries are, Mill
River, Cold River, Leicester, Neshobe, Middlebury, New Haven,
Lemon Fair Rivers.

In course of its wanderings Otter Creek flows thru Rutland
and Addison Counties passing thru the towns of Wallingford,
Clarendon, Rutland, Proctor, Pittsford, Brandon, Whiting,
where it forms a boundary between this town and Salisbury,
Weybridge, where it turns to the west and continues in this
direction thru the town until it reaches the northern part when it
resumes its usual northerly trend and goes on into Addison,
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Panton, Vergennes and finally Ferrisburg and into the lake. The
drainage area is given in Bulletin 424, Water Supply Papers, as
615 square miles.

Such a stream as this, in general sluggish with low banks,
but fed largely by rapid mountain streams would necessarily be
subject to great fluctuations in its volume as seen in different
seasons and would, as we have seen, be subject to extensive over-
flows. For example, the maximum in 1912-1913 was for March,
8000 second-feet and the minimum was for the same year 138
second-feet in September. This season was, however, excep-
tional and the usual variation is better shown in the year 1916-
1917 when the maximum for the month of April was 4,850 second-
feet and the minimum for the same year in August was 217.
These measurements were taken at Middlebury.

There are several small rivers or large brooks which drain
small areas in different parts of western Vermont, some of which
should be mentioned. In Rutland County is the Poultney River
which rises in Tinmouth, but it receives the waters flowing from
several ponds and flows in a general northerly direction until it
enters Lake Champlain at East Bay. The course is very wind-
ing and for a few miles it forms the boundary between Vermont
and New York. The entire stream is about thirty-five miles
long and its drainage area includes several lakes, chief of which
is Bomoseen the outlet of which joins the river at Castleton.

The Mettawee or Pawlet River is a mountain stream rising in
mountains in Dorset at an altitude given as 3200 feet. Its course
is exceedingly sinuous, at first south for a little, and then, for
nearly its whole length, northward and westward to its final
entrance into Lake Champlain by way of East Bay at Whitehall,
N.Y. The total length is given at forty miles. The drainage
area is more than half in Vermont, but over a hundred square
miles are in New York. Thru Wells Brook it receives the over-
flow from Lake St. Catherine.

The Little Otter flows north of the larger stream of the same
name. This stream is wholly in Addison County. Its sources
are in brooks in Monkton and New Haven, and after winding in
a northward direction for sixteen miles it empties into Lake
Champlain at Balls Bay in Ferrisburg. According to U. S.
Bulletin, Water Supply, 424, the descent from source to mouth
is 400 feet.

Lewis Creek enters the lake not far north of the Little Otter
in Perrisburg. It is about twenty-two miles long and has a
total of 1700-1800 feet, but the greater part of this descent is in
the mountainous region in Starksboro from which it flows.

The LaPlatte River is scarcely of sufficient size to be entitled
to the name river, but it is quite a stream, flowing from Hines-
burg to Shelburne Bay, about 14 miles. There are two branches,
one from the northern part of the town and the other from the
southeastern part. As the surplus water of Monkton Pond is
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carried to the lake by Lewis Creek so that of Hinesbur
?OYEVS thru the LaPlatte. The total fall to the lake is aboﬁtPlcigg
eet.

~ Most of that portion of the State east of the Green Moun-
tains 1s drained by the Connecticut and its tributaries, but as has
been shown, a very important part is drained by the Winooski
and lesser areas by the Mississquoi and Lamoille.

The Conmecticut according to the Water Supply Bulletin
frequently cited, drains nearly four thousand square miles of
eastern Vermont. Nearly all the streams of any importance
flowing easterly from the Green Mountains enter the Connecti-
cut. The few exceptions are noticed later. As is well known
this river is, throughout the entire length of the State, the easterr;
boundary between it and New Hampshire. At the northern
line of Vermont this river is a little more than 1700 feet higher
than at the Massachusetts border, and there are several large
water powers along the course of the stream. Naturally, while
the ﬂow varies much at different seasons, the volume of the Con-
necticut varies less than that of many mountain streams. Nor
is the course so irregular and winding as that of many smaller
rivers.

Besides numerous brooks and small streams which enter the
Qonnectlgut, there are twelve streams, which may be called
rivers, tributary to the larger river; these are all wholly within
the boundaries of Vermont except one. The streams alluded to
are as follows.: Nulhegan, Passumpsic, Wells, Waits, Ompom-
panoosuc, White, Ottaquechee, Black, Williams, Saxtons, West.
A few words respecting each of these will suffice.

T fle_ Nulhegan flows through the northeastern part of the
state rising in the little area known as Averys Gore. The general
direction is south-eastern to Bloomfield where it enters the Con-
n‘ectlcut. The stream is formed by the union of several branches.
‘ .In the main stream and on the branches the valleys are relatively
wide and flat with occasional quick stretches.” On the whole
however, the current is rather rapid. ’
) The Passumpsic River is one of the largest flowing easterly
into the Connecticut. It is formed from the union of two
branches in Lyndon, an east and a west. The principal stream
is that which rises in Westmore and flows southerly thru Newark
into East Haven, then turning west of south into Lyndon, then
south thru St. Johnsbury, Waterford, and Barnet to enter the
Connecticut at East Barnet. The western branch comes from
near Mount Pisgah in Westmore and runs south to Lyndon.
“From its source until it approaches the center of Lyndon the
Passumpsic is a swift stream. It flows more slowly thru inter-
vale meadows until it approaches the southern part of the town
where there is a high fall. For the greater part of the way thru
St. Johnsbury it is a swift stream, but it runs slowly the greater
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part of the distance thru Waterford and Barnet, altho there are
some large falls in the latter town.”

Wells River flows from Groton Pond and goes on thru Lunds
Pond to enter the Connecticut not far south of the village of
the same name. The general course is southeast. It may be
added that Groton Pond receives the flow from XKettle Pond
and this outlet is sometimes regarded as the beginning of Wells
River. Thisis a short river and drains only a small area.

Waits River is another of the numerous little rivers on the
east side of the State. The river proper rises on Knox Mountain
in Orange, but there is an important South Branch which joing
the other in Bradford. This branch rises in Orange, South
Branch, and Topsham, North Branch—the two uniting in East
Corinth. A third branch comes in from Corinth and unites with
the main stream in Bradford. The main course of the stream
is southeast, but just before it reaches the Connecticut near
Bradford village, it turns north and finally east. There are
smaller streams which uniting form the third branch that has its
source in Washington. The length of Waits River is given as
twenty miles. The current is for the greater portion of the
.course rapid.

The next river south is the Ompompanoosuc which seems to
‘have retained its Indian name. This stream rises in Vershire and
runs in a southeasterly direction to enter the Connecticut at
Norwich. In Thetford the brook which carries the overflow
from Fairlee Lake unites with it, and farther on another stream
of some size adds its water. There is a branch which falling
-rapidly from the highlands in Vershire also joins the main stream
in Thetford, after a descent of over 1700 feet. A part of the
Ompompanoosuc is sometimes called Brook River and a part
Strafford Brook. The whole length of the river is given as
twenty miles.

White River is the principal stream flowing into the Con-
necticut from eastern Vermont. Its course is very irregular and
several large branches increase the volume of the river at various
points in its course. It is difficult to locate the precise source
of such a stream as it really has no single one from which the
major part flows, but derives its waters from many brooks and
streams which are widely separated as to locality. In the case
of the White River, we find that there are five recognized
branches which, together make up the whole stream as it finally
enters the Connecticut, but here, as in case of many other rivers,
it is often a matter of opinion whether a given stream shall be
called a branch or a tributary. According to Water Supply Paper
424, the White River “rises in Ripton, flows eastward into Gran-
ville, thence southeastward, passing across the eastern corner of

Hancock, thru Rochester into Stockbridge, then turns abruptly
and flows northeastward into Bethel, then southeastward across
Royalton and Sharon to its junction with the Connecticut River
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in Hartford.” This takes the stream, as a whole, the length of
which is given as fifty to sixty miles.

_ Those who are acquainted with the region indicated above
will reaghly understand that any stream flowing thru so much
mountainous country must have a rapid current and often be a
dashing mountain stream. This is true of the western stretches
of White River, but from Bethel to the Connecticut the river is
for the most part very quiet, and bordered by banks which go back
in level meadows and terraces, on which villages are charmingly
located. It would be difficult to find anywhere more attractive
scenery than is presented to one who drives from Stockbridge to
Wh1t§ River Junction. West of Bethel, in the earlier stages of
the river, the scenery is more mountainous and therefore wilder
and more romantic, tho with less of the quiet beauty of the lower
stretches, but for the modern methods of journeying the roads
are less convenient.

Several branches of this river have been mentioned and these
may be very briefly considered. The West Branch comes from
Hancock and joins the river in Rochester. This is perhaps less
important than other branches. It is about ten miles long and
has a southeasterly trend. What is known as the Second
Branch of the White River has its sources in Williamstown and
flows on thru Brookfield, Randolph, Bethel, to North Royalton
where it enters the main stream. The Third Branch rises in
Roxbury and flows southward across a corner of Granville, thru
Braintree, across a corner of Randolph to join the river in Bethel.
This and the Second Branch, each have a length of about twenty
miles. The East Branch comes from Washington and goes on
thru Chelsea and Tunbridge into Royalton, joining the main
stream in South Royalton. There is a smaller branch, some-
times called Robins Branch, which may be considered as a tribu-
tary, like many other brooks of the region, which rises in Han-
cock and unites with the main stream before leaving the town
hav1r11g aét(alng’ch of not more than five miles. ’

n addition to what has been said of the delightful scener
the White River Valley, it may be said that ther% is great enj};gf
ment to be found in driving along the valleys of all of the branches
named, especially if the somewhat rough roads in the moun-
tainous districts are not too great a difficulty.

A few miles farther south the Ottaquechee River enters the
Connecticut at Hartland. This river rises in Sherburne in the
Green Mountains, one branch starting at an altitude of over
four thousand feet. Flowing on to Bridgewater Corners, the
North and South branches unite and from here the course is
in the main easterly, bearing to the north for a little beyond
Bridgewater Village, so that the course is northeast to Hartland
except, a short distance before entering the river, it turns souther-
ly. Necessarily the first parts of the stream are rapid, the
southern branch from Killington falling over 2000 feet in five
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miles. This also gives many excellent sites for waterpower, some
of which are utilized, but many are not. The entire length is
given as about 38 miles. ' _

Black River rises in Shrewsbury, on the mountains, at a height
of 3200 feet, and flows southeastward to the C'onnectlcut at
Springfield. In its course the Black River drains Plymouth
Pond, and a number of smaller, and furnishes Wa‘c_erp(?wer for
mills in Ludlow, Cavendish, Proctorsville, Perkinsville and

ringfield. ) _
5P 11% may be noticed that there are two Black Rivers in Ver-
mont, the second being in the northern part of the state.

Williams River is still farther south and enters the Con-
necticut a few miles north of Bellows Falls. Like most of our
rivers it has several branches which together make up the river
proper. There are the north and south branch and the Lyman
branch, which combine in Chester. The source of this river
would, of course, be given differently according to the opinion
of the authority as to where the river began. It might be
stated as in Chester, at the union of the branches, or in Andover,

hese branches start. .
Wherzgout five miles south of Williams River the Connecticut
receives Saextons River. This is a comparatively unimportant
stream, tho by no means to be neglected. It rises in Windham
and flows at first northerly, but for most of its course southeast,
turning north just before emptying into the Connecticut.

The most southern of the Vermont rivers entering the Con-
necticut is West River, a larger stream than most of the foregoing.
This enters the Connecticut in Brattleboro, north of the main
part of the town. It has its sources in Mount Holly, over two
thousand feet up in the mountains, and flows southward thru
Weston, Londonderry, Jamaica, Townshend, Newfane, Dum-
merston, Brattleboro, trending casterly as it passes on. There
are several good sized branches. The length is given as forty-
five miles. _ _ o

There are a few rather inconsiderable streams flowing in
southwestern Vermont into New York and emptying into the
Hudson, which may be passed with a few words. These are the
Hoosac, Walloomsac, and Batten Kill. ] _

The first of these rivers does not originate in Vermont, but
in porthern Massachusetts. In North Adams it receives a
branch which does rise in this state and the united stream flows
for some miles thru a part of Vermont, running thru North Pow-
nal and Pownal, while the North Branch rises in Stamford and
flows south over the border into Massachusetts. Though an
important stream in the other states, as it is one of the chief
tributaries of the Hudson, it is less important in this State, as so
small a part of the stream lies within our limits. )

The Walloomsac is more largely in Vermont, tho it alsp runs
into New York. In Vermont it is confined to Bennington

REPORT OF THE VERMONT STATE .GEOLOGIST 27

County. Its source is in Glastenbury from which it flows west-
ward, southwestward, and northwestward, finally westward,
into the Hoosac at Hoosac Junction.

The Batten Kill is about half in Vermont. It is a river of
many windings and flows in every direction except east, in its
onward course. So far as the name indicates its sourcs, this is in
Dorset for there it is first called Batten Kill, but Mad Tom Brook
which rises on Mount Tabor appears to be the beginning of the
stream. From Dorset the courseis southeast as far as Arlington
Village, a short distance beyond which the direction changes to
northwest, then at West Arlington to nearly due west for a few
miles, then southwesterly for a few more miles to a couple of miles
beyond East Salem in New York. At this point the stream turns
abruptly north and flows in this direction for over five miles
when it turns west and flows on west and south into the Hudson.
The total length is about fifty miles. It is regarded as a fine
mill stream and is largely utilized throughout its course. There
is also a West Branch which rises on Bear Mountain in Rupert
and joins the main stream near Manchester Center. The fall
of the main stream is over 2,800 feet and the branch has a fall
of 1,800 feet which accounts for its value as a source of power.

To anyone familiar with the region thru which these rivers
make their way it is needless to say that everywhere the scenery
is beautiful and very varied. There are good roads beside most
of them, except in the more rugged portions near the headwaters,
where the usual conditions found in mountainous localities neces-
sarily prevail.

The drainage of Vermont is effected by streams running in
general toward all peints of the compass, that is north, south,
cast and west. All of these have now been taken up except the
first. The streams which flow northward and consequently into
the Saint Lawrence are few and none of great size, but they should
be briefly mentioned. The principal streams of this system are
the Black, Barton and Clyde rivers which flow into Lake Mem-
phremagog, and a smaller stream, the Coaticook which comes
out from Norton Pond.

Black River, which unfortunately has a duplicate name, the
larger stream, as has been seen, is found in southern Vermont,
rises in Eligo Pond and flows northward thru Greensboro, Crafts-
bury, Albany, Irasburg, Coventry and Newport where it empties
into Lake Memphremagog, a distance of over twenty-five miles.

Barton River has its origin in waters from what was once
Runaway Pond in Glover and a stream coming thru Belle Pond,
the two uniting in Barton. In Barton the waters of Willoughby
River, outlet of the lake, add to its volume. It flows north and
enters Lake Memphremagog in Coventry. It is about twenty
miles long.

The Clyde River is perhaps most important of these northern
streams. It flows from Island Pond in Brighton and receives the
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outlet of Seymour Lake, and runs thru Round Pond and Salem
Pond on its course to Lake Memphremagog where, at Derby
the river ends in the lake. The stream is about twenty miles
long.

The Coaticook River is more than two-thirds in Canada,
about twenty-five miles of its stream being in that province where
it enters the Massawipi and thru the St. Francis flows into the
St. Lawrence. Its whole length is thirty-five miles. This stream
rises in a pond in Norton.

LAKES AND PONDS

The lakes and ponds of Vermont are a very important fea-
ture in its topography and, as everywhere if found in any num-
ber, add much to its attractiveness. To one at all familiar with
both countries, the resemblance between Vermont or at any rate
many parts of the state, and parts of Scotland must be very
evident and this similarity is especially noticeable in those regions
in which lakes are most abundant, for these lakes and the hills
which often surround them are of the same general sort as those
of Scotland.

It is not easy to state exactly the number of lakes and ponds
in Vermont as no complete census has ever been made, moreover
there are some which are very small and dry up during each sum-
mer, and a number of artificial lakes, some of which, like Lake
Mansfield, have all the charm of those that are natural. For
example, a pond like the Lake of the Clouds, below the Chin on
Mansfield, altho not usually wholly dry even in midsummer, is
only a small muck pond and is not mentioned in any list which I
have seen. Which of these should be included and which
omitted?

Perhaps no one is better qualified to speak as to this than the
author of the booklets to which reference is made later on—“The
Lakes of Eastern Vermont,” and “The Lakes of Western Ver-
mont,” in which we find the statement that ‘“There are in the
State approximately four hundred lakes and ponds large enough
to receive names and appear on maps.” In confirmation of this
Mr. Crockett has given me a list which contains names and cer-
tainly there are a considerable number which have never been
named. In Water Supply Paper 424, there are listed but two
hundred and ninety-four lakes and ponds, which is certainly far
below the correct number, as is shown above. Inround numbers
it may be said that there are four hundred of these bodies of
water within the limits of the State. .

Many of these are quite small, but many are of respectable
size and well deserving attention. While these charming and
delightful gems which adorn our landscapes are scattered over
the entire State, there are more in the northern and eastern por-
tions than elsewhere. Some of our towns have no water body
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within their limits while others have several, and a few many, as
Woodbury, where there are no less than thirty, and in Eden where
there are twenty, but of course in these cases none can be very
large.

I have not investigated all or nearly all of our lakes with
such thoroughness that I can speak positively as to their origin,
but I have no doubt that most, probably nearly all, are the result
of glacial action. Some were caused by the scooping out of
softer material in places as the ice sheet passed over it, so that
after the ice melted basins of greater or less dimensions werc left
to fill with water, while elsewhere the movement of the ice or the
torrents that followed its melting brought great masses of earth
and gravel into the valleys, some of which were thus filled, in
some parts a dam being formed so that the stream flowing thru
filled behind the dam and made a lake; others were due to other
movements.

Most of the Vermont lakes are small, that is, not more than a
mile long, but, aside from Champlain which forms over half of
the western boundary of the State and is not to be reckoned as a
Vermont lake, there are a few of considerable size, as Willoughby,
Dunmore, Bomoseen and St. Catherine. For a detailed account
of the Vermont lakes the reader is referred to two booklets
issued by the State Bureau of Publicity and edited by Mr. W. H.
Crocketf, “The Lakes of Eastern Vermont” and ‘“The Lakes of
Western Vermont.” These pamphlets are very profusely il-
lustrated and give a very good hint of the many beautiful scenes
which may be found here and there in the State. Both will be
found excellent guides and may be obtained by application to the
Secretary of State.

Many of our lakes are high above the sea, some over a
thousand feet. The highest is the little Lake of the Clouds,
north of the Chin on Mansfield, which is four thousand feet above
the sea level. Sterling Pond is much larger and is in the neigh-
borhood of three thousand feet elevation. This is probably the
highest real pond in the State. Of course it is the lower lakes
that add most to the charm of the Vermont landscapes and afford
hundreds of attractive and restful camp sites.

As to the detailed geology of our lakes little can as yet be
said, for none have been carefully surveyed and most of them
not at all. T. N. Dale has a few words on St. Catherine, as fol-
lows:—“It is bounded on the west by a slate ridge and on the
east by a schist ridge. As the boundary between the two for-
mations crosses the lake diagonally, and the slate is probably
anticlinal in structure, the hollow in which it lies has been eroded.”
The same geologist says of Bomoseen, “Lake Bomoseen lies en-
tirely in a region of small folded slates, etc., which crop out along
its shores. The general trend of the lake corresponds approxi-
mately to the strike of the folds. But there is a cut thru which
the outlet of Glen Lake flows into Lake Bomoseen, and the shore
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of Lake Bomoseen west of Cedar Point is in line with this cut.
The parallelism of this cut and this shore line to some of the
joints, and also to a camptonite dike which crosses the lake a mile
north of Cedar Point, indicates structural relations between them.
In other respects this lake is to be attributed to erosion and to
glacial and stream deposits.”

So of Lake Dunmore, ‘“Lake Dunmore seems to lie in a south-
ward pitching syncline of quartzite with overlying dolomite,
the dolomite having been largely eroded.” Of Silver Lake Mr.
Dale says:— “Silver Lake, 670 feet above Dunmore, lies in a nar-
row syncline of dolomite underlaid by quartzite . . . The
lake is retained in its syncline by glacial gravel. Both of these
lakes are thus associated with rock structure.” p. 47.

Willoughby Lake is one of the larger and, as seen from its
southern border, one of the most romantic sheets of water in the
State. The two mountains, Hor and Pisgah, form a most pic-
turesque foreground for the view which greets one as he ap-
proaches the southern border of the lake. While the rock about
Willoughby is mostly schist and silicious limestone, the moun-
tains are granite and intrusive, that is, these elevations, the
highest, Pisgah being about 3,800 feet above sea level, were
sent out from beneath the surface after the formation of the
schists and limestone as volcanic masses. That they are more
recent than the other rock is conclusively proved, as is noticed
in the Vermont Report of 1861, by the fact that fragments of the
older rock occur in the mass of the granite and therefore must
have been included when the latter was in a mora or less plastic
condition. The schist itself is not in its original state, but has
been formed by metamorphism from still older and probably,
stratified rocks.

Lying as the lake does between the two great granite ele-
vations, it is perhaps not strange that many have accounted for
the basin by supposing that the two mountains were originally
one mass and that they were cleft in twain by some subterranean
force leaving the space now occupied by the lake between. I
allude to this theory because it has often been brought to my
attention, not because it has the least foundationin the geology
of the region. The reason given by Mr. Hagar many years ago,
in the Report on the Geology of Vermont, published in 1861, is
probably correct. As those familiar with Lake Willoughby
know, it fills the gap between great granite masses of which Pis-
gah and Hor are the culmination on either side. The space be-
tween these is filled in the bed of the lake by a hard silicious lime-
stone and schist. It was through these beds that the granite
was lifted and itis of course of later origin. By erosion and
disintegration the mass of schist and limestone between the
granite upthrusts was removed and the waters of the lake flowed
into the basin thus left. For a full actount of this see the work
mentioned above, pp. 906-907.
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Lakes Champlain and Memphremagog are not considered as
strictly Vermont lakes for roughly speaking, half of Champlain
and four-fifths of Memphremagog are not in this State. Still,
they are certainly very important features in the scenery of those
parts of Vermont adjacent.

Historically, Champlain is perhaps the most important part
of our State, and for more than a hundred miles it forms the
western boundary. The northern boundary is far less affected
by Memphremagog, but it is not to be regarded as of no im-
portance. Champlain is nearly 100 feet above sea level at or-
dinary times and when flooded at spring high water it may be
more. The other lake is several hundred feet higher, being at
mean water 665 feet above the sea.

Memphremagog is over thirty miles long and of very variable
width, one to four miles, and as on the western shore it is bor-
dered by a range of fine peaks, Owls Head, Orford, Elephantis,
etc., there are many very fine views as one sails its waters. This
lake is of very irregular outline, full of bays and promontories.

The various features in the topography of Vermont are such
as are readily observed as one travels thru the valleys and over
the hills, which together make up the scenery, and this means that
the landscape, as it now appears is of late formation, at least in
many of its characteristics. Necessarily all that now appears
on the surface had an earlier condition and has this as foundation.

In Vermont solid rock is frequent enough everywhere in
outcrops of greater or less extent and as everyone knows, where
the surface is covered by sand, gravel, clay or water, solid rock is
soon reached by going below the surface, and it is in this rock
foundation that our most complicated and difficult problems arise.
In a region in which there has been little change from first con-
ditions the geological history can usually be deciphered without
much difficulty, but there is little rock in this State which has
not been changed, often very greatly changed from its original
structure and character. As has been repeatedly noticed, our
rocks are so changed that they are often very puzzling to a
student who would understand their origin. Outside of the
Champlain Valley, where unchanged stratified beds are not
uncommon, a very large part of the rock masses arec meta-
morphosed, at times so completely that it is not possible to
determine certainly their source.

In the Eighth Report, pp. 17-38, is given a summary of the
geological formations found in the State and to this the reader is
referred, but as this volume is entirely out of print, some parts
of what is there stated may be repeated. Vermont was estab-
lished as a body of land in early geological time. Though
probably not quite as old as eastern New York and certainly
not as old as the Laurentian region of Canada, it is yet older
than most of the United States and the solid foundations of
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its land area were laid down in what is known as Ordovician time
or earlier.

While I do not wish to speak with entire confidence as to the
character of the interior beds of the Green Mountain Range, yet
it seems very nearly certain as has been seen, that deep in the
mass of these mountains as a central axis the rocks, such as were
formed in late Pre-Cambrian time and the Cambrian, are the
oldest of the fossiliferous ages. In the Algonkian, just below the
Cambrian there was life, but the fossils are indistinct and very
imperfect for the most part. The rock of the Adirondacks is
mostly Algonkian, but that of the Green Mountains, is mostly
later, that is Cambrian and Ordovician, these overlying the
Algonkian or Pre-Algonkian axis. But all of these beds have
long since been so modified by metamorphism that from the
original sandstones and limestones we have only schists and
gneisses which in no way resemble the first formed beds. As
the rocks of western Vermont differ from those east of the Green
Mountains so the scenery of each side of the State is character-
ized by its own peculiar features, though there is much resem-
blance.

As an area of land lying between the Connecticut River and
Lake Champlain, Vermont is by reason of its natural boundaries,
a State long north and south, narrow east and west. Of course
other boundaries could have been selected, but these are most
natural. From those most remote times when the long, narrow
ridge which first outlined the main mountain range was raised
above the almost universal sea, it was determined that Vermont
should be long and narrow.

Probably the eastern valley, that of the Connecticut, was
not formed or outlined until long after the old Champlain Valley
was indicated by the narrow stream which flowed through what
is now the deepest part of the lake, before it was a lake. Still
the Connecticut in some form or another is not a new river.
Only in the immediate vicinity of Lake Champlain are there
extensive beds of comparatively unchanged sedimentary rocks,
though there are beds of limestone and shale east of the moun-
tains, as Richardson has shown, which are not changed to a very
great degree. In the Report immediately preceding this, the
Tenth, I have described the different formations of the Cham-
plain region and have there enumerated the beds of the Cambrian
and Ordovician found in the vicinity of the lake.

As this chapter is not written primarily for those who are
familiar with the ordinary terms of geology, but for all who are
interested in the physical characteristics of Vermont, it may be
well to show where in the accepted scale of geological time the
rocks of Vermont are placed. Of the great subdivisions of
geological history the Vermont beds for the most part represent
only one. Commencing with the lowest of which there is any
knowledge, the Pre-Cambrian, which includes several sub-
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divisions which do not concern our present discussion, about all
that can be said is that in the Green Mountain axis there are
masses of rock the origin of which undoubtedly goes back of the
known fossiliferous strata of the Ordovician. How far below
the surface rocks of the State these should be placed is not well
determined, but that they are very old is certain. Probably these
rocks will be found throughout the Green Mountain Range,
but they have been determined thus far only in a few limited
localities, as on Killington and elsewhere in Rutland County.

The oldest rocks are hard, crystalline, and mostly wholly
destitute of any indications of fossils, but in some localities they
do contain fragmentary fossils. The oldest strata in this region
that contain readily recognized forms are Cambrian. Altho
these for the most part are not fossiliferous, yet some of the
strata are well filled with clearly defined specimens. The rock
is largely sandstone, often of a red color and, as has been noticed
the more conspicuous headlands of Lake Champlain and the
nearest elevations such as Snake Mountain, Mount Philo, etc.,
are examples of Lower Cambrian beds. Farther north, in
Swanton and St. Albans, there are beds of a hard limestone
and in Georgia, shale of this age, and in these some exceedingly
interesting fossils are to be found. Cobble Hill and Snake Hill
in Milton are examples of conspicuous elevations of Cambrian
shale, but nearly all the hills near the lake on the Vermont side
are of red sandstone.

In the geological series the Cambrian is immediately fol-
lowed by the Ordovician. As the Cambrian was a time of
shallow water and becach formation, the Ordovician was for
the most part a time of deep seas and still water, abounding in
lower forms of life. There is Cambrian rock east of the Green
Mountains, but so far as is known, the beds are not of great
extent, and probably a large part of Vermont is occupied by
Ordovician strata, and it is very likely that other beds whose
position geologically is not yet ascertained, will be found to
belong in some of the Ordovician beds.

Not only are there numerous strata of limestone and shale
in the Champlain Valley of this age, but in eastern Vermont,
as has been conclusively shown by Professor C. H. Richardson,
during the last few years, widely distributed beds of slate and
limestone have been examined and found to contain graptolites
of Ordovician age and the schists and conglomerates of eastern
Vermont are most of them if not all, of the same age. On the
Vermont side of the lake, the Ordovician beds arec nowhere
raised into cliffs of much height, those at Thompsons Point are
as bold as any, but all the gray limestones and black shales which
border the lake are of this age.

With few exceptions the linear north and south arrange-
ment mentioned above and which appears to have been fixed
when the Champlain Basin and the Green Mountain uplift
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were outlined, is carried out in the beds of rock, for on both
sides of the mountains they are long and narrow from Canada
to Massachusetts. West of the mountains these beds are
limestone and sandstone mainly. East of the mountains they
are mainly schists, tho there are some rather extensive limestone
areas. In the mountains all the rock, and east of them much of
it, is metamorphic,—gneiss, quartzite, schist, slate.

The shape of hills and mountains, all the outlines of each
landscape if not determined by the character of the outcropping
or underlying rock is more or less influenced by it. For this
reason the landscapes of Vermont, tho certainly greatly modified
by the surface drift, are such as they are because the rock of the
country is what it is.

It were tedious to take up the different belts of rock running
thru the state in too minute detail, but some general statements
may not be uninteresting. Commencing at the eastern border
of the State and going west, the rocks are roughly arranged in
about a dozen north and south bands, some of them very narrow,
some several miles wide, some extending thru the length of the
State, some only a short distance. Scattered over the eastern
part of the State are the granite areas, and in the Champlain
Valley, the marble belt of Rutland County, and the slate belt of
the western part of the same region. Besides these are beds of
other rocks which occur in small masses here and there.

On the northern border there is a band of schist which, of
very variable width and with several wide breaks, runs south to
Bellows Falls. West of this is a narrow band of slate some of
which was used years ago for roofing, but nothing has been done
with it for many years. This, nowhere more than a mile or
at most two miles wide, extends from Burke south to the Massa-
chusetts line, in some places bordering the Connecticut River,
elsewhere separated from it by schist. West of this is a ‘belt of
schist, the ‘Calciferous Mica Schist” of Hitcheock, including
sericite, phyllite and several other varieties. This is the most
extensive of all the areas of similar rock. In it are located the
most important granite areas of the State. Beginning at the
Canada border, this schist belt reaches beyond the southern
limits of the State and thru more than half of its length it is
twenty or more miles wide, but below Hartford it narrows to a
few miles and at the southern limit of Vermont it is about twelve
miles wide, tho for a considerable distance north it is only three
or four. A large part of this schist area has not been carefully
studied and, while it is probably Ordovician in age, this remains
to be proved.

West of this is another narrow band of dark, compact slate
much like that first named. This runs from Lake Memphre-
magog thru to Bethel. This belt is widest about Lake Mem-
phremagog where the width is over three miles but south of
this region it is narrower, sometimes not more than one mile
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and then it again, in the vicinity of Montpelier, widens to two
or three miles and fades out at Bethel. West of this slate strip
there is a much greater belt of schist which at the Canada border
is thirty miles wide, but it is soon divided by a band of gneiss and
gneissoid rock into a major part which is nearly fifteen miles
wide at first and continues wide as far south as Pittsfield and
Bethel. From these towns it grows narrower until at the
Massachusetts line, in Halifax, it unites with the schist which
has come down farther east, being only about three miles wide
where it enters Halifax. The western part of this schist area
at the Canada border is over fifteen miles wide, but it gradually
narrows as it goes southward until it fades out in Lincoln.

As has been repeatedly shown, the Green Mountain mass is
mainly composed of gneiss or gneissoid rock and these form a helt
from one edge of the State to the other, of varying width, starting
very narrowly and reaching a breadth at the Massachusetts line
of over fifteen miles. East of this main band of gneissoid rock
there is a smaller, lens-shaped one, which begins in Hartland
and rapidly widens, remaining some six or eight miles wide,
until at Townshend it narrows and fades out near the southern
edge of the State, its total length being about sixty miles.

West of the gneiss and schist comes, in the northern half of
the State, a long, narrow outcrop of conglomerate. This extends
from the Canada Line south as far as Ripton and in patches still
farther south. In the eastern part of the State is a conglomerate
which does not appear to be the same. This from its exposure
in Irasburg, Dr. Richardson has named Irasburg Conglomerate
and his description of its occurrence will be found in the Fifth,
Eighth, Ninth and Tenth Reports of this series. West of the
first mentioned conglomerate is a belt of gray limestone, often
highly silicious, tho in places very pure calcium carbonate from
which excellent lime is made. This rises in large masses here
and there and altogether is an important member of the series
of Vermont rocks. This bed, the old ‘“Eolian Limestone” in
which were included several widely different beds of different
age, tho all Ordovician, extends thru the State and into Massa-
chusetts. Hitchcock’s name is no longer used and the former
Eolian Limestone has been split up into several groups, some of
them very silicious, some very -calcareous, some pure marble
and others still different, and the ages of different beds are as
different as are the rocks.

The true Silicious Limestone ends in Monkton not far be-
yond the south line of Hinesburg and tho few fossils have been
found is most probably of Lower Ordovician (Beekmantown)
age. This limestone is often heavily outcropping, especially in

‘the town of Hinesburg, and is extremely unfossiliferous, but in

part of the outcrop, in Colchester, or what appears to be a part
of the general mass, distinctly Beekmantown fossils have been
found and thus far I have seen no reason to doubt that the more
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strongly exposed southern ledges in South Burlington, Shelburne,
and Hinesburg are of the same age. It is possible that here as
elsewhere more extended investigation would necessitate some
modification of the above, but I do not think it probable.

There is a great portion of Vermont of which the same could
be properly said, for much of the State has never been carefully
examined geologically. The Champlain Valley and that portion
of the State which Dr. Richardson has explored, that is, Orange,
Washington, Caledonia and Orleans Counties, wholly or in
part, and parts of Rutland County, which United States Geol-
ogists have studied with more thoroughness and care than has
been bestowed upon any other part of the State, Professor C.
H. Hitchcock’s work in Windsor, Orange and Chittenden Coun-
ties, Professor Gordon’s in Bennington, and the work of the State
Geologist in Grand Isle and Chittenden Counties and elsewhere in
the western part of the State, is about all that has been published
of late years on Vermont geology so far as the rock structure is
concerned. But to the above should be added the very interest-
ing and valuable article by Professor H. L. Fairchild on some of
the features of the surface geology in the Report immediately
preceding and also in this. All of the above has been published
either in full or in abstract in the biennial Reports of the State
Geologist. Indeed, all of the work except that of the U. S. Geo-
logical Survey, was done under Vermont Survey.

West of the silicious limestone is a yet more extensive out-
crop of the Lower Cambrian. Incidentally it may be worth
while to notice that very small exposures of Middle and Upper
Cambrian rocks have been located, but these are very insignifi-
cant stratigraphically as compared with the large area of the
Lower Cambrian. Repeated notice has already been made of this
formation. It consists of shales and sandstone, largely the latter,
and some silicious limestone. The Cambrian enters Vermont
from Canada and is found for about ten miles along the western
end of the border line. From this it extends southward thru
western Vermont in a belt of very unequal width, into New York.
Nowhere very far from the shore of Lake Champlain it is seen in
cliffs, which are the shore, from the northern part of St. Albans
Bay to the southern end of Shelburne Bay, a distance of about
thirty miles. Were it niot for the Cambrian elevations, and all
the elevations near the lake are Cambrian, the scenery of the lake
region back several miles from the shore would be far less in-
teresting than now. On the lake shore all the rock within this
thirty miles belongs to the Red Sandrock series.

Elsewhere along the lake, often between this and the
sandrock is a usually, tho not always, thin bedded black shale,
Utica in age. This is the rock of the shore from the Canada
line to St. Albans Point and from the south side of Shelburne Bay
to Charlotte. Tt also is the rock of Alburg, North Hero and most
of Grand Isle. South of Charlotte this shale does not come to
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the shore of the lake except at Larabees Point, but it continues a
short distance inland to the New York border which it crosses.
From the middle of Charlotte to the middle of Shoreham the lake
is bordered by limestone, mostly Chazy and Trenton, with some
Beekmantown and Utica. The larger islands in Lake Champlain
are all of one or another or several of these rocks. For example,
North Hero is entirely Utica, Grand Isle is two thirds Utica, but
on the western shore are several beds of Chazy, thru the middle
is an uplift of Trenton and here and there, on shore and inland,
are heavy beds of Black River from which the picturesque stone
houses, formerly a conspicuous part of an island view, were built.
Isle La Motte also is composed of the same Ordovician strata,
tho the Chazy predominates.

I wish to add here a word of qualification of some of the terms
used lest there be misunderstanding. In speaking 'of belts or
outcrops of schist, slate, etc,, I do not intend to limit the r'ocks
of any given area to one species or kind, but 51mp1y to indicate
the prevailing or more evident kind, that wh}ch rgally gives
character to the part of the State under consideration. This
is especially to be remembered when the r}orthern or eastern
parts of Vermont are discussed. Thus, schist belts have been
often mentioned between the Green Mountains and the Con-
necticut River. These belts exist, but they are far from homo-
geneous, nor is the schist all of the same kind. Taking the area
as a whole it may be that it is best characterized as covered by
schist, but in many parts there will be found heavier masses of
limestone than of schist and where there is schist this is often
sericite in part and phyllite in part with perhaps smaller outcrops
of chlorite and hornblende schist. .

To give definite examples, in Lunenberg which is in the
schist belt near the eastern border, there are outcrops of sericite,
phyllite, chloritic, and hornblendic schists, b_es}des other rocl;s.
In Woodbury and Hardwick there are sericite, and phyllite
schists, slate, limestone, and great masses of granite, so of
many of the eastern towns. Sericite and phyllite schists and
limestone are common all thru the schist areas. More thorough
investigation of the schists is needed to determine the geological
period to which each should be referred. It is improbable that
they were all deposited at the same time, though it 1s very
possible that from the original rock they became schist during
the disturbances that attended the Green Mountain uplift after
the close of the Ordovician, as all of them have been changed in
a greater or less degree from their original cpndition. Some of
them have been supposed to be Pre-Cambrian, others may be
Cambrian, others and I think most, may be.Ordov1c1an. West
of the Green Mountains, especially in the ne1ghborhoqd of Lake
Champlain, the rocks are more uniform and in the immediate
vicinity of the lake they are unaltered stratified beds.

It may relieve some perplexity which arises if the older re-



38 REPORT OF THE VERMONT STATE GEOLOGIST

ports on Vermont geology are consulted, notably th

of 1861,which is in nearly all our town libraries},f to i;?lrii‘irelg%g
to the numerous changes in the names given to different groups
of rocks and in their identification. The geological map placed
near the end of the second volume of the 1861 Report is only
generally useful since formations are in some cases named and
placed on the map which are not found in Vermont, but through
mistaken determination of the beds they were assighed to wholly
wrong positions by the older geologists. Unfortunately it has
not been possible to prepare a geological map of Vermont that
would be accurate. There is much of Vermont which is not yet
sufficiently well known geologically to be properly mapped and
that large portion not yet surveyed by the U. S. Topographic
Corps must wait indefinitely, for good geological maps cannot be
produced until the topographic maps have been issued. The
necessity for engineers in war work has put a stop to the surveying
that was carried on and at present it does not seem
likely that any work of this sort will be or can be undertaken

The last map issued is that of the Rochester Quadrangle which
ends at the north at Breadloal Mountain and includes the
southern part of Ripton, Granville, and the western part of
Braintree. The next map will follow the Rochester sheet on the
north, but when it will be published no one can tell.

From what has been said it will be seen that what has since
been included in the limits of Vermont was fully formed as dry
land appearing above the ancient ocean level, by the close of
Ordovician time. This is to say that this land is very old, but
it is not saying that it was then as now in many importan’t re-
spects. Great areas have been raised at one time and lowered at
another and, as will be noticed, vast changes have followed the
original outlining of the land. What Dr. Richardson has noted
in the paper which follows is true of the whole State, tho he is
speaking of the central and eastern part, and it is hoped that any
reader who may be interested in this paper will carefully read
what Dr. Richardson has to say.

The metamorphism of sedimentary rocks has already been
more than once stated. Everywhere in Vermont there are
evidences of change in beds of rock. Probably these changes
did not all take place at the same time, but the greater part did
occur at the close of or soon after the close of Ordovician. As
stated in his paper, Professor Richardson thinks that there was
metamorphic activity at the close of the Cambrian and this is
certainly possible, but it seems to me most probable that the
greater metamorphism was after the close of the Ordovician and
that then the gneiss which covers the Green Mountains, the
schists and slates of eastern Vermont, and the marbles and élates
of western, were mostly formed from the Cambrian and Ordo-
vician strata. However, this is rather a matter of opinion than
a proved fact. Then and later, perhaps during the following
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age, the Devonian, the main granite masses were forced up from
beneath the surface as already indicated in speaking of the Granite
Hills.

After the close of the Ordovician, so far as there is any evi-
dence, the only disturbances that occurred were those of the
formation of the granite masses and of the dikes. As has been
seen, there is no certain proof of any particular time when these
came except that, naturally, they must have come after the
deposition of the rock through which they were thrust. Thus
the vast interval, already mentioned, between the close of the
Ordovician and the opening of the Pleistocene, was main-
ly a time of weathering and erosion. The general effect of
this must have been to reduce the elevations and deepen the
depressions, to lower the hills and increase the valleys, during
most of the time up to the ice age, and if this process could go on
indefinitely, it would bring the surface to a dead level.

The processes by which the changes in the surface are mostly
brought about are.—

1. By wearing and transporting effected by streams, and
of these there were many from early times. While the action
of streams taken year by year was not comparable to that which
occurred after the ice age, yet prolonged, as it must have been
during the enormous periods that intervened between the Green
Mountain uplift in its final throes and the time of the Great
Glacier, the results were enormous.

2. By the atmospheric action upon rocks causing decom-
position. This would vary greatly according to the kind of
rock, for some sorts are considerably affected by this means
while others are very slightly or not at all.

3. By frost, which in a climate where the temperature for
any length of time goes below freezing, is a very powerful de-
structive agent, as the talus of debris seen at the base of cliffs
and on mountain slopes abundantly testifies.

4. During that portion of geological time when the great
ice sheet crushed the surface of our northern country it was a
mighty force as it ground the mountains, tore the cliffs, broke up
great masses of rock and in every manner carried devastation
in its course. We are accustomed to speak of the glacial period
as if there had been but one and certainly here we have no record
of any other, but elsewhere there is unquestioned proof that at
different times, even from early geological periods, there were
ice ages. There may have been during the long interval of
which notice has often been taken other and older ice ages which
have come, done their great work and left no trace that has yet
been found. _

5. The greatly increased streams following the melting of
the continental ice masses must have torn their way thru the
country and produced results which are very evident today.

6.” The elevation and depression of wide areas obviously
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produced great results and greatly aided in increasing the in-
tensity of some of those forces given above.

The only exception to the statement that no rocks were de-
posited in Vermont between the Ordovician and Pleistocene is
found in the Tertiary deposits, best known about Brandon, but
probably extending in a narrow belt from Colchester to Benning-
ton. This formation includes not only the famous Brandon
lignite, but the bog iron ores and Variously‘coloyed clays of other
parts of the area. The only fossils found in this formation, and
therefore the chief indications of the character of the country at
that time, are those of the lignite. As fully described in former
Reports, Third and Fourth of this series, these are all seeds and
fruits of plants, found only in a very small area. _

It is very singular that here in this isolated region, where
only Paleozoic beds, aside from these, have ever been fo_und,
there should occur this exceedingly small tract of Tertiary.
In the first place, Tertiary beds are found nowherein the northern
and middle states east of the Rocky Mountams,_ nowhere in N ew
England except this little strip in the Champlain Valley, a little
on Martha’s Vineyard, more south from New Jersey, along the
Atlantic Coast, and the Gulf Border into Mexico Where there is a
narrow strip. In none of these localities, however, is the ro_ck at
all like that of Vermont nor are the fossils in any respect iden-
tical. ) ]

As has already been noticed, and it will be mentioned in
‘what is to follow, the climate of the time immediately following
the Tertiary was much colder than now, being that of Greenland
of today, but the Tertiary plants and trees are plainly those of
‘& much warmer climate than now and the climate of the Cham-
plain Valley in the later Tertiaries must have been that of the
Dismal Swamp of today. Another peculiarity of the Vermont
Tertiary fossils is that not a single animal species has been
found but more than two hundred vegetablq species, most'of
them finely preserved. Another strange fact is that the fossils,
all of which have been found in the lignite deposit at Forestdale
near Brandon, are unlike any others found in other parts of the
world. Diligent search in the museums in this country and
Europe has revealed only resemblances and these have ‘been
found only in Bowerbanks, Isle of Sheppey and Heers (Eningen
species. It is all very puzzling, but geological history is full of

puzzles some of which may be explained as more complete in-
vestigation furnishes more complete knowledge, and some may
T be solved.
rleveA‘ctention has more than once been called to the changed
condition of many of the Vermont rocks thru metamorphism by
reason of which it is often very difficult to ascertain their age.
There is another reason why it is in many cases not easy, nay,
even impossible, to define the age of a bed or rock which we
know must exist but which cannot be examined because covered
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by clay, sand, gravel and boulders. _This covering, in general
called drift, sometimes wholly conceals the underlying rock for
several miles in all directions. Of course this difficulty is not
met in hilly regions, but there the metamorphism is most in
evidence. This drift so very common in all the less mountainous
parts of Vermont is the evidence, or rather an important part of
it, of the great ice age that immediately preceded the present.
Often the present, by which I suppose is meant the time since
history has been recorded by man, is spoken of as if an age quite
distinct from previous or ““Geological times,” but really there is
no difference. We are now living in an age which is as truly
geological as any that have gone before. The present may differ
from any one of past ages in many respects, but so do these differ
from each other. The earth was not finished at the end of
the ice age or technically, Pleistocene time. Its finished con-
dition can never be reached so long as it endures in any form.

Most have some knowledge of the various phases of Pleis-
tocene history and they need not be enumerated here except so
far as may be necessary to an understanding of the general
features of the age. Some have already been noticed. The
Pleistocene began by an elevation of the whole northern part
of the continent, the elevation increasing from south to north.
This elevation slowly raised the region under consideration until
in northern Vermont the land was a thousand feet or more above
sea level. As most of my readers well know, upon this elevated
land over most of the northern United States as well as Canada
there was a vast accumulation of ice. The heat of summer at
that time was not sufficient to melt the snows of the long winters.
As a necessary result in course of some thousands of years the
mass of ice became incalculably great and moved from centers
north of the St. Lawrence in all directions, but that which con-
cerns us was the southward movement by which all this region
was covered by a great sheet of ice thick enough to move over
the highest of the New England mountains, for glacier marks are
found even on the top of Mt. Washington. Those who have
seen what the small glaciers now active are able to accomplish
in grinding, tearing, crushing, transporting will more readily
understand the unspeakably vast work which the continental
ice sheets must have done during the Pleistocene. At this
time and by this means most of the drift, which is only found
where the ice sheet operated, was produced.

In many parts of the northern United States there is evi-
dence of several glacial periods separated by as many interglacial
periods, but in Vermont thus far no evidence of more than one
has been found. It would seem that if there were more, as is
not impossible, all traces of them have been obliterated by the
last. The accumulation of such vast masses of ice, hundreds of
miles wide and thousands of feet thick upon the crust of the
earth must have depressed its surface by its weight, and accord-
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ingly we find that during the latter part of the ice age the land
sank far below its level at the commencement and below that
which it now has. We also find that after the melting of the
ice the land rose to its present height. Professor H. L. Fairchild
has done more than anyone to determine the amount of the
subsidence and subsequent uprising, and he is still at work on
this problem. So far as Vermont is concerned those interested
will find profitable reading in the opening chapter of the Tenth
Vermont Geological Report in which Professor Fairchild gives
the results of his work in this State. This investigator finds
that the land has been raised from 100 feet at the southern limit
of New York to 1000 feet in Canada, the highest elevation in
northern Vermont being about 200 feet above present sea level.
Any careful observer as he journeys thru the State, will
notice here and there among the uplands, level fields, sometimes
large, sometimes small, sometimes at low levels, sometimes
several hundred feet high. These are the old water levels at
which the ocean stood at different times, for as the marine waters
gradually subsided they stood here and there at lower and lower
levels until the sea finally withdrew and the work of rivers began.
A broad level plain at some clevation usually is proof of
the presence of standing water for some time. Some of the
most conspicuous of the plains in the State have a different
history in that they are delta plains. Sand is always broken
rock, hard rock, for soft makes mud. By the action of the glacier
rock was broken up and also by other erosive agencies, running
water, frost, etc., and this finely broken rock, which came largely
from the older Green Mountains, was distributed by the streams
which flowing into the old sea, or the lakes which came later,
made deltas, which under the changed conditions, subsidence of
waters, elevation of land, etc., have now become 'sand plains.
The plain on which Essex Junction, Fort Ethan Allen, etc., are
located is an example of one of these deltas. Others were men-
tioned in the early part of this chapter when rivers were discussed.
An excellent example of some of these changes is given by Pro-
fessor Fairchild in the article alluded to above, and it is so im-
portant that T think that a quotation from it will not be needless
repctition.

«The waters of the Champlain sea extended southeast up
the narrow Winooski Valley to beyond Montpelier, and the
terracing of the deposit on the valley walls is abundant and
often conspicuous from the moving train. We have here

o a narrow valley deeply flooded by sea level waters,
abundant inwash of detritus by tributary streams, and the
benching of deposits by wave erosion of the lowering waters,
with some effect of outflow currents at the latest stage. The
conditions were not those of a river but of an inlet. One con-
clusive proof is the occurrence of finely laminated clays. A good
example is seen at Waterbury. The electric line for Stowe climbs
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miles northeast of Brandon,
level waters; at East Middle-
Bristol, the village standing
en River. Strong deltas lie

amples are at Forestdale, three
where Mill River reached the sea
bury, on the Middlebury River; at
on a beautiful delta of New Hav
south of Hinesburg, showing clearly on the Burlington sheet of
the U. S. topographic maps. Many other deltas may be found
where any streams poured down from the highlands into the
standing waters. It has already been stated that the heavy
summit delta of the Winooski is at East Montpelier, and that of

the Lamoille at Morrisville.
«Tt should be understoo

the valleys of Vermont to a height ¢
the open Champlain and Connecticut valleys and the evidence

of the highest water will be found far up the tributary valleys.
The heavy streams now tributary to Lake Champlain were, dur-
ing the postglacial submergence, represented by deep estuaries
or inlets, and the deposits or deltas of the flowing streams lie far
inland, far east of the Champlain Valley.”

Before closing this chapter the author would like to forestall
certain criticism which may arise. Attention of the reader may
be called to the fact, stated already, that the foregoing pages
were not written for trained geologists, but for teachers or others
who have some knowledge of the subject, but not enough to read

with interest a more technical treatment. I would also like to
explain that some repetitions which will be found by those who
read the entire chapter are intentional and have been allowed
for the sake of clearness of meaning and for emphasis, in order
that certain matters which are regarded as especially important

may be noted.
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and aided in the transition of the augite of diabases into horn-

. blende, of pyroxenes into tale, and olivine into serpentine.

11. At the close of Devonian time there occurred another
crustal movement which was accompanied by the intrusion into
both the Cambrian and Ordovician sediments of granitic material
in a state of fusion with super-heated water. This intrusion
hornfelized the slates at or near their contact with the granite
masses and developed secondary hornblende in both the schists
and the marbles. It may have injected into the sedimentaries
dikes of pegmatite. These Devonian granites are the commer-
cial granites of central and eastern Vermont.

12. After the crystallization of the granites they were
traversed by dikes of pegmatite and aplite. These intrusives
were also injected into the sedimentaries.

13. The schists, slates, marbles and granite masses were
traversed, probably in Carboniferous time by numerous basic
dikes—diabases, etc. There is evidence in the microscopic struc-
ture of the granites that this intrusion was accompanied by uplift.

14. Possibly the dikes of camptonite and basalt were in-
troduced in Triassic time. Some of the diabase dikes have been
subjected to crustal movement since their introduction. Their
chloritization and schistosity implies this.

15. Atmospheric erosion of the Ordovician terranes began
at the close of Ordovician time and has removed thousands of
feet of schists, slates, quartzites and marbles from their under-
lying granite masses. The main granite belt of Vermont appears
as a batholith. It lies largely within the Ordovician terranes.

CAMBRIAN

The Cambrian sedimentaries in central Vermont comprise
a complex series of highly metamorphic quartz conglomerates,
quartzites, hydromica schists, sericite schists and a narrow band
of slate. A part of the chlorite schists may be highly altered
sediments. This can not hold true of all of the belts of chlorite
schist, for some of them cut the sedimentaries at angles as high
as 40 degrees.

Each of these Cambrian formations has been traversed
southward from the international boundary a distance of approx-
imately 100 miles. Their eastern margin lies near the central
north and south line of theState. This line is marked by an
erosional unconformity of equal length.

IrASBURG CONGLOMERATE

The Trasburg conglomerate, (Plate 1), marks the base of the
Ordovician terranes in central Vermont. It was discovered in
Irasburg, just outside of the village limit in 1904. It was then
supposed to be more or less local. This conglomerate, or its

Prate 1
IrasBurG CONGLOMERATE
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equivalent, has been followed southward for approximately 100
miles and northward into Canada for approximately 25 miles.
In Irasburg the pebbles or boulders are all pre-Ordovician, and
the matrix is all Ordovician. The pebbles are granites, por-
phyrites, diabases, quartzites, sericite schists and Cambrian
marbles. The matrix is all Ordovician—a dark colored, siliceous
lime product. The pre-Ordovician material varies in size from
small and well rounded pebbles up to boulders from two to four
feet in diameter. It is a metaconglomerate, for it has been
subjected to a great crustal movement since its formation. The
general strike of the formation is north 40 degrees east, but it
sometimes varies 90 degrees in 10 feet. Its general dip is at a
high angle to the west, but it contains dips in all directions.

The southern extension of this conglomerate into Northfield
was discovered last Summer. In Northfield it lies at the base of
the Memphremagog slates. = The pebbles are all pre-Ordovician
and the matrix is Ordovician slate. It is regarded as the equiv-
alent of the Irasburg conglomerate, altho widely different in the
mineral composition of its matrix.

The Coventry conglomerate, which appears some 10 miles
north of Irasburg, suggests some interesting problems. Well
preserved quartz pebbles appear within it varying in size from an
inch up to one foot in diameter. Some of these have facets
formed upon them as if by glacial action, while others are grooved
or striated. The Cambrian schist fragments, sometimes more
than a foot in diameter, are occasionally set at right angles to
each other. It also carries angular fragments of Ordovician
slate and limestone. This is also a metaconglomerate, for the
lime content has been calcitized. It cannot be contemporaneous
with the Irasburg conglomerate. It may have been formed at
the close of Ordovician time, or it may represent a fault breccia
conglomerate. Even post-Glacial faults are known to exist in
the Ordovician slate.

MEMPHREMAGOG SLATES

In the more northern portion of the state the Memphrema-
gog slates are represented by three belts that are roughly parallel
with each other and separated from each other by belts of the
Waits River limestone. Each slate belt passes under Lake
Memphremagog and reappears on the east side of the lake in
Canada.

- The easternmost slate belt in its more northerly extension isa
black, carbonaceous, often pyritiferous slate. To the southward
it becomes a phyllite schist, which is frequently pyritiferous,
garnetiferous, staurolitic and sometimes hornblendic. In no
locality is it a roofing slate, but in some instances it has been
used for foundations and road metal. Its southern extension is
interrupted.
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The central belt consist of a black clay slate with perfect
cleavage. It is occasionally pyritiferous. This slate is uniform
in color easily worked and well suited for roofing purposes,
blackboards, sinks, stationary washtubs, etc. In its southern
extension it is not continuous.

The westernmost belt is a black, carbonaceous, highly fissile
slate that is well suited for roofing purposes. In its southern
extension this belt also is not continuous. These slates may
represent three different non-calcareous beds of Ordovician sedi-
ments, or one bed that has been repeated by a fan fold.

The Memphremagog slates have commercial possibilities
in Montpelier and Northfield. The slates vary from bluish-
gray to black in color. They trim easily and are sufficiently
strong to permit nailing without splitting. They are carbona-
ceous and magnetitic. Small pyrites are sometimes seen on the
sawn edges. In Montpelier there are four abandoned quarries,
while in Northfield many quarries have been extensively worked,
but all have now been abandoned. In one of the old slate mills
in Northfield there are several thousand slate slabs of varying
dimensions that have been sawn, planed, but never marketed
thru mismanagement.

The general strike of these slates is north 40 degrees east,
but it varies from north 30 degrees east, on the Berlin side of
Montpelier, to east and west on Woodbury Mountain. The
general dip is at a high angle to the west, but an easterly dip can
be recorded in Northfield.

Waits RIvER LIMESTONE

The Waits River limestone is represented in central Vermont
by three different phases. Each of these phases has been con-
tinuous southward from the international boundary for a distance
of approximately 100 miles. The breadth of these formations
varies from 25 to 40 miles. s

The Waits River phase is banded, closely plicated, varie-
gated, or even of light gray color. In the more westerly portions
it is often shaly and graptolitic. In the more massive portions it
is well calcitized and susceptible of a good polish. Microscopic
clides reveal these beds to be a calcite marble and quartzite
combined, They are important marble reserves.

The Washington phase of this limestone is of dark steel gray
color. It sometimes carries small plates of secondary muscovite
and biotite. Both of these micas have also been observed in
the Waits River phase. The Washington phase furnishes num-
erous beds of quartzose marbles that are susceptible of a good
polish, cut to a fine edge, and may well be cataloged as marble
reserves. :

The Coventry phase is uniformly dark in color, carbonaceous
and well filled with cubes of pyrite. In Northfield it is only a
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few hundred feet in width. It is often interbedded with the
Memphremagog slates.

In all areas where microscopic slides have proven these
limestones to have been calcitized they are cataloged as quartzose
marbles. Where the lime content is small, as in the sand rock
ledges in Woodbury, the name calcareous quartzite is applied.

The general strike of the whole limestone area is north 40
degrees east, but there are many local and wide variations, even to
an east and west strike. A major anticline traverses the entire
formation, while minor anticlines and synclines appear in the
more westerly portions of the formation, with a general dip to
the west. The eastern side of the syncline is sometimes as low
as 15 degrees, while within 25 feet the dip will be 90 degrees, or
nearly 90 degrees to the west. A

INTRUSIVES

The intrusives into the Ordovician and Cambrian terranes
in central and eastern Vermont are widely varied. In forms
they range from huge batholiths to tortuous veins less than an
inch in diameter. In chemical composition they range from the
acid end of the series with 809 silica to the ultra-basic consisting
essentially of the one mineral olivine with approximately 40%, -
of silica. Their mineralogical composition, and therefore their
correct nomenclature, is a research problem now being conducted
in my laboratory. The following have already been identified:
Granites, pegmatites, aplites, quartz monzonites, vermontites,
trachytes, syenites, andesites, diorites, gabbros, diabases,
camptonites, basalts, amphibolites, limburgites, pyroxenites and
peridotites.

The further microscopic study of material already collected
will establish several additional species.

ParEoNTOLOGY

When I was a student in college I was taught to believe that
there were no fossils in Vermont east of the Champlain Valley.
When I began systematic field work in Orange County 24 years
ago I was advised not to look for fossils, for the rocks were too
highly metamorphosed to contain them. When representatives
of the United States Geological Survey invaded the territory
the statement was made that there is no fossil content by which
the age of these rocks can be determined. In view of these facts
it is interesting to note that every township south of the inter-
national boundary and near the central line of the state, for a
distance of approximately 100 miles, has furnished beds of grap-
tolites, (Plate II). The breadth of the belt in which these
diagnostic features are found is at least 10 miles. More than 50
beds have been found during the last three Summers’ work.
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They are found in both the Memphremagog slates and the Waits
River limestones. Their identification so far as possible has been
made by Dr. Rudolf Ruedemann, State Paleontologist, Albany,
N. Y., to whom the author of this paper recognizes his great in-
debtedness.

Dr. Ruedemann’s later reports upon the graptolitic lime-
stones, shales and slates are of interest here. Concerning ma-
terial sent from Craftsbury, Dr. Ruedemann wrote, ‘‘These
suggest Phyllograptus and Diplograptus.” Concerning material
from Greensboro and Woodbury he wrote, ““These are quite
certainly graptolites, probably branches of Dichrograptus and
Didymograptus.” Concerning material collected on the south-
east shore of Valley Lake in Woodbury, Ruedemann wrote,
“Graptolites with double series of thecae (Climacograptus or
Diplograptus).” These may be the last Deepkill zone or Nor-
manskill shale (Ordovician), (about Chazy age).

Concerning the material in the shaly limestones from East
Montpelier, Dr. Ruedemann wrote, ‘‘The elliptical patches
might be specimens of Phyllograptus, indicating Deepkill shale
(Beekmantown).” Concerning new material from the Sabin
slate quarry (Plate III) in Montpelier, he wrote, ““ These may be
worm tubes or branches of dichograptid graptolites.” A Clima-
cograptus pavus had been previously recognized from this
quarry. Concerning the graptolites in the shaly limestone near
the entrance to the Catholic Cemetery, Montpelier, he wrote,
“ Apparently a Tetragraptus, comparable to Tetragraptus amii,
or serra, in size and outline. This would make it Deepkill shale
(Beekmantown).”” Concerning later material from the same
locality he wrote, *“ The most remarkable graptolite is undoubted-
ly a Tetragraptus amii and proves the presence of the Deepkill
(Beekmantown) shales. The broad patches are quite probably
Phyllograptus, as the Deepkill zones are well developed in your
metamorphic rocks. Also the long straight graptolites look
more like forms of the Deepkill than the Normanskill zones.”

Concerning material sent from Berlin-Montpelier, which
was a decomposed sample of Washington marble, Dr. Ruedemann
wrote, ““The specimen which you sent me is quite distinctly a
small Climacograptus. It shows still the characteristic outlines
of the cells and the nemacaulus, also the original shape of the
distal end.”

Concerning new material sent from Dewey Park, Mont-
pelier, Dr. Ruedemann wrote, ‘“After careful study I can see at
least three specimens that retain the thecae of one or both sides
to such an extent that it is safe to claim them as graptolites, The
limestone, then, belong to the upper-lower or middle Ordovician, ”
These samples were in the Washington phase of the Waits River
limestone—the Washington marble. Concerning material sub-
mitted from one of the abandoned. slate quarries in Northfield
last summer, Dr. Ruedemann wrote,  Specimen No. 1 is the best

PraTe III
SABIN SLATE QUARRY, MONTPELIER
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of all. It still showsin a certain light the characteristic structure
of a Phyllograptus angustifolius. This indicates the Deepkill
shale (Beekmantown).”

With the discovery of these diagnostic features of age in
each of the three belts of the Memphremagog slates, and in each
of the three phases of the Waits River limestone, it is established
that sedimentation began to the east of the foot-hills of the
Green Mountains in early Ordovician times, continued to middle
Ordovician, and ceased with lower Trenton times. It leaves

this belt of calcareous and non-calcareous sediments, approxi-

mately 40 miles in width, and stretching across the State of
Vermont exactly where the author of this paper placed them
from stratigraphy in 1895, as lower and middle Ordovician.
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INTRODUCTION

In the preceding report of the Vermont State Ggologist, for
1915-1916, a description was given of the upraised marine features
in Vermont, especially on the western or Champlain side of the
State. Only brief mention was made in that article of the Con-
necticut Valley features. The present writing is a more particu-

lar description of the evidences of Glacial depression and Post-

Glacial elevation of the eastern border of the State.

Much of the general statement and description of classes of
features in the former paper are equally pertinent here; but it is
not advisable to make repetition, and the reader is asked to re-
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view the first fourteen pages of the former paper; pages 1-14 of
the Tenth Report.

During the summers of 1916, 1917 and 1918 studies have
been made, partly in company with Professor Perkins, the State
Geologist, of the inscriptions and records left by the ocean-level
or estuary waters in the Connecticut Valley; by means of which
features the amount of land uplift is determined. The disad-
vantage in this study and description is the lack of accurate
topographic maps. Only four Vermont quadrangles in the
Connecticut Valley have been surveyed and published; and of
these only two, the Brattleboro and Hanover, lie within the

‘vertical range of the standing waters; and only the Hanover sheet

is satisfactory in the contouring and gives precise altitude figures.
Without accurate topographic and altitude maps the study is at
great disadvantage; and measurements have been largely by
aneroid barometer. However, great precision in recording
elevations of old water planes is usually impracticable and even
not essential, as features are variable in relation to the water
surface. Approximate altitudes, ranging over long distances are
quite satisfactory for general description.

GENERAL STATEMENT
LAND MOVEMENTS

Up and down movements of the earth’s “crust” is the
fundamental fact in geology. Vast areas of the continents which
are now far above sea level have been beneath the ocean, as
evidenced by the remains of marine animals found in the solid
rocks; the latter being merely the hardened sediments deposited
in the sea. Most of the rock strata of Vermont were laid down
as sand, clay and lime sediments in very ancient seas. Even the
crystalline rocks to the summits of the Green Mountains were
probably oceanic deposits. Through all recorded geologic time
the vertical movement of the earth’s surface has been in progress,
and is still going on. It should, therefore, cause no surprise to
find that some uplift, a few hundred feet, has taken place only
yesterday, geologically speaking.

The earth’s superficial or crustal portion is sensitive to un-
equal loading, or differential pressures, and it appears that
northeastern America was depressed by the weight of the long
persistent ice sheets of the recent glacial time. With the removal
of the weight by the melting of the ice body the land rose. The
amount of Post-Glacial land uplift, and the area affected, seem
to have been proportionate to the calculated thickness and
extent of the latest ice sheet. Wide study by the writer has
madeit possible to draw a map that represents approximately the
amount of Post-Glacial uplift, shown in figure 1. The position
of Vermont with reference to the dome-shaped uplift causes the
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lines drawn to indicate equal rise (isobases) to lie in direction
somewhat northwest by southeast. Plate 1V is & reduced copy
of the map included as Plate I in the previous report. (No. 11
of the list of papers).

CoNNECTICUT VALLEY TERRACES

The benches or terraces along the walls of the Connecticut
Valley have been noted ever since the forests were removed.
They were given fame by the writings of Edward Hitchcock (1),
Charles H. Hitchcock (2, 3), Warren Upham (4, 5), and James D.
Dana (6). The earliest theory, by Edward Hitchcock postulated
submergence of the region, but in excessive amount. Later
writers minimized or ignored the changes in land attitude.
Realizing the great volume of detritus contributed by the glacial
drainage, in addition to the mass from the early land streams,
and not recognizing the considerable change in land level, Dana
and Upham attributed the terraces to the work of an enormous
river. The idea was that during the recession of the latest ice
sheet the greatly flooded Connecticut River was supplied with
more detritus than it could remove; and that consequently it
filled or aggraded the valley; and that when the flood was spent
the normal river eroded the thick deposits and in the down-cutting
process produced the terraces.

The mechanical difficulties involved in the theory of river
genesis of the terraces were not overlooked, and much discussion
was devoted to these. But the inconsistencies and contradictions
were not solved. Two of these problems may be stated, by way
of illustration. At Barnet the conspicuous terraces in the open
valley were measured by Upham (5, page 60) as 618 feet above
ocean (the evidences of standing water reach up to 710 feet).
The distance southward to the sea is about 215 miles, giving a
gradient of three feet per mile. Such slope is excessive for any
very large river, and the velocity of flow would sweep away
everything below the size of boulders. But the lower terraces are
composed of true clay, and the higher terraces are mostly sand,
which is proof positive of relatively quiet waters. The matter
is discussed in paper number 10, pages 229-230. Another
dfficulty would be the disposal of the enormous amount of
detritus derived from the excavation of the deposits. The detri-
tus would have filled a large part of Long Island Sound but there
are no suggestions of such filling or delta formation. (10, pages
230-231). '

The Connecticut Valley is not alone in having conspicuous
terraces and massive deposits of fine detritus at high levels.
They occur the whole length of the Hudson Valley, and in great
development on the slopes of the Champlain Valley, where the
most vivid imagination could nqt attribute them to river work.
They are prominent in all the great valleys of New England and
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in the low valleys of Canada, New Brunswick and Nova Scotia.
They exist, but are not so conspictious, in the Ottawa and the St.
Lawrence valleys. As the Connecticut Valley is narrow through-
out most of its length the benching of the deposits are plainly
seen, and the phenomena became classic through the early
geologic writings. But the features should be studied in
comparison with other similar valleys.

The higher terraces in the wide valleys opening freely to the
sea were not produced by flowing but by standing waters. And
the standing waters were not lakes or isolated bodies of water
but were arms of the sea. They were estuaries. The Hudson
estuary from New York City to Albany is a present-time example.
High-level benches, gravel bars and other shore features are not
restricted to the valleys, but occur on slopes facing the open sea,
at corresponding elevations.

Only some change in the relative height of land and sea can
account for these elevated shore features; and as the sea is com-
paratively steady we may reasonably assume land movement.
Moreover, we find that these high-level water records are prac-
tically limited to the northern territory which has recently been
overspread by a continental glacier. In the weight of the ice
sheet, probably two miles thick on the north boundary of Ver-
mont, and lasting for perhaps hundreds of thousands of years
we have efficient cause for the depression of the wide area.

With the recognition of glacial waters held in north-sloping
valleys by the glacier acting as a dam, some geologists were in-
clined to refer the records of high waters even in the south-leading
valleys to glacial damming. The term “glacial” has been the
limbo to which these unexpected, and puzzling features have been
consigned. But this is unfair and unscientific without some

proof of glacial impounding. Glacial waters were not held in
the broad, south-leading valleys like the Hudson, Connecticut,
Kennebec and Penobscot. Marine fossils are found far inland,
at high levels; up to 510 feet at Ottawa. Marine fossils are not
found in the highest sea-level deposits, formed during the deeper
submergence; because the flood of cold, lifeless water from the
waning glacier produced physical and biologic conditions un-
favorable ‘to salt water organism. The terms ‘“‘marine” and
“oceanic” used in this writing are not intended to imply that
the waters were saline, but to suggest their confluence with the
sea. The term “marine plane” signifies the level of the ocean
surface projected inland. The level connecting the highest
static-water inscriptions is the uplifted marine plane of the
deepest submergence. The lines in Plate IV and the diagram,
figure 2, show the uplifted, summit plane, and also show the
total amount of land submergence in the sea at the time the
ice sheet was melting off. The study of this subject cannot
properly be done by confining attention to one valley, for com-

] 57 _7/16, 7 VIS ZAOGY XTI
O .y S S
i R N 8 ‘8*
P
\ /IAUOPUAT PU
-\‘—\—-—-“ ﬁ.%;quaf /17?/5505
B 40 agoGody
\
‘\
Ry | prorafou )
9
S| fovurg
sk vory gyam
gt prospoug
¥
N
m
nsoourduos §
YoImioN F §
. l() z
LTI 3
N

{0]o]

VLTS
JOSPUIM §

S/ SMOf/ 24 8

Kody

UOLELIUUNG 4

u./oya//J

yor

N7 S LY TCGTHD)
Yokl

Q

N

3
3 8

700

/6

UPLIFTED MARINE PLANE IN THE CONNECTICUT VALLEY

On a base-line drawn throvgh Braitleboro, Bellows Falls and Wels Frver

H L Foirchild.19/8

Stations are [ocated on fhe profife where fhe [sobases, passing throvgh The stetions, infersect the base-five

Fic. 2



58 REPORT OF THE VERMONT STATE GEOLOGIST

parison must be made over all of the icc-weighted area of north-
eastern America. Figure 1 is the result of such wide study.

TaE UpLirTED MARINE PLANE

The diagram, figure 2, indicates the vertical position of
some of the critical features left by the standing waters in the
Connecticut Vallcy. In the former article, page 7, may be found
description of a similar diagram for the Champlain Valley, much
of which applies to this diagram. The former article also includes
chapters on the character of the summit-level features of the
upraised marine plane (page 8), and a description of the marine
features in general (pages 9-15), all of which are appropriate in
this writing, but will not be repeated.

In this studv the important fact is the height above the
ocean of the highest evidence of standing water in the open
valley, because this gives amount of land uplift. This fact has
geologic value. The height and form of the inferior terraces
and their relation to the river has only a local educational value.*

AREAL DESCRIPTION
MASSACHUSETTS

Twenty years ago Professor Emerson carefully identified the
summit plane of the standing water throughout the Connecticut
Valley across the State of Massachusetts. His figures for the
altitudes are 288 feet above tide on the south toundary of the
State and 400 feet on the north line (see No. 7 of the list of
writings). These altitudes were used in the first projection of
the plane north and south, and have been found remarkably
accurate.

As students of this interesting subject may wish to verify the
plane south of the Vermont line the following localities are noted
lying on the Greenficld and Warwick topographic sheets. The
smooth, wide plains of clay and sand, so characteristic of all
the deep valleys opening southward to the sea, are here very
conspicuous. These are usually much below the summit plane,
which may be represented along the sides of the valley by weak,

*The study of local topographic features is of the highest educational
value, and the valley terraces are an cxceptionally fine subject. The measure-
ment in height and area of the terraces, plains and cliffs, and the drawing of
simple maps, gives excellent discipline in observation, precision and accuracy
of record, and the handling of instruments. While the study of the features
in their causal and geologic relations is of the highest cultural value. Such
study should be required of every boy in the High School; and perhaps of the
girls, also. It would be of much more intellectual and practical value than
many of the subjects on which time is spent, or wasted. It is desirable that
some of the traditional school work should be replaced by subjects that deal
with the facts of life; with the realities of the physical world, of which humanity
is a part.
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inconspiguous and detached features. The deltas at the mouths
of the tributary valleys are the best summit features; excellently
illustrated at Millers Falls. Here the Millers River built an
extensive delta in the earliest and highest sea-level waters. The
village is in a valley that has been excavated out of the delta
plain. _Close west of the village a remnant of the gravel plain
has altltgde 360 feet, extending far to the southwest. Southeast
of the village the plain is 360 feet, with the backslope rising to
at least 370 feet. The theoretic height of the summit water
level at this locality is 875 feet.

Examination has been made of the static-water inscriptions
about Northfield and East Northfield. The lower plains are,
as usual, very prominent, at over 300 feet. The creck south
of Round.Hill and Northfield village has a good cobble and gravel
delta, which may be seen along the east and west road on the 400
foot contour of the map. Up stream, eastward the delta stuff
1s coarse and evidently dropped above the standing water.
Wegtward, below the flat of rounded cobble, is a smooth gravel
plain which certainly represents quiet water.

Along the mountain flank northeast of East Northfield and
by the highway the shore features due to wave smoothing are
ev1dent,. above the 400 foot contour. As this station is some
three miles south of the Vermont state line the theoretic figure
or the surface of the estuary at the state line must be raised to
at least 405 feet.

On the west side of the valley the lower plains may be seen
along the highways and the Boston & Maine Railroad northward
from Greenfield; and from Bernardston the effects of the standing
water show in the side valleys up to nearly 400 feet.

VERNON, VERMONT

The most southerly point in Vermont that has been carefully
examined is the extreme southeast corner of the Brattleboro
quadrangle. Here lies the west branch of Town Brook, which
flows past the flag station called Central Park (Vernon, of the
Brgattleboro sheet of 1916), and debouches into the Connecticut
River at the sharp bend of the river. West from the railroad
the elevatl_on of which is taken as datum at 295 feet, is a sand};
plain a mile wide, rising in irregular terraces. The summit of
the sea-level waters is found in good form somewhat over a mile
west of the railroad on the road along the north side of the brook.
School No. 7 is on the smooth plain that is the highest, extensive
wave-smoothed tract. The altitude at the school is about 375
feet. An eighth of a mile west of the school the plain, at about
390 feet, abuts against a low cliff. The house of Mrs. A. N.
Clark stands here. Benches of cobble and remnants of the
aggraded delta occur westward to the house of L. T. Fairman
the altitude here being about 415 feet. Above this point there
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is no stream detritus of any sort, only the bare erosion banks
of the stream, in rock or drift. The standing water of the
Connecticut Valley was somewhat below the coarse cobble at
the delta head, and was certainly above the wide, smooth plain
of 390 feet. Study on the ground placed the water level between
405 and 410 feet. By consulting the maps and diagram 1t 1s
found that this is the theoretic figure for the summit marine
this locality. ‘ .

plan’el‘?l‘iﬁs occurrencg has been described in some detail because 1t
is a good illustration of reliable features and of the method of
study. It is also a good example of the best criteria for deter-
mining the summit plane, which are the deltas of weak streams
in places sheltered from heavy storm waves. Deltas of large
streams may have too great vertical range for more than approxi-
mate measurement of the water plane. Extensive plains, es-
pecially of sand or fine gravel, were usually submerged when
deposited. Gravel embankment or bars, and erosion cliffs, are
uncommon in the narrow Connecticut Valley; and are not con-
clusive proof of the earliest and highest stand of the waters.

About one and one-half miles north of Central Park Station
is Vernon Station. Looking west strong terraces appear. Two
bold, steep, erosion cliffs stand above the lower and smaller ones
on the plain. The highest bench is one half mile away, with
elevation about 365 feet; the railroad taken as 280 fect. Behind
the bare terrace, in open pasture, at 365 feet, is a higher gravel
plain in forest, at 385 to 390 feet. Westward across a deep cut
the plain continues, abutting against a_rock cliff. The gra\(el
plain is 15 or 20 feet beneath the theoretic figure. The material
composing the terraces was at least partly contributed by a
stream on the north. A highway leads west up the hollow, and
careful study will doubtless find summit features similar to those
of the Town Brook.

GUILFORD

About three miles south of Brattleboro the village of Guil-
ford lies at the junction of three valleys, on the remnants of the
delta of Broad Brook. A handsome cobble plain stands south
of the corners, carrying the Episcopal _Churgh and cemetery, with
elevation by the map of 420 feet. This plain continues down the
creek, southeast, as a bordering terrace. Coarse cobble in the
road cutting below the church shows typical delta structure. The
road leading southwest from the corners, on the north side of
the creek, is a terrace remnant of thg: delta, also at 420 feet.
North of the corners the detrital filling in the hollow affords good
opportunity for discriminating the true water level The
theoretic level here is abou 415 feet.
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BRATTLEBORO

A splendid great gravel plain and other significant features
related to the sea-level invasion occur about the city. The
history is complex and involves glacial drainage.

The Whetstone Brook, from the west, is a vigorous stream
and deserves the name of river. But the great delta, remnants
of which occur in and west of the city,and the vast gravel plain,
a mile wide, south of the city, was probably constructed partly
by the West River, which joins the Connecticut a mile north of
the city. During the last phase of the glacier in this vicinity the
nose of the ice lobe in the valley forced the flow of West River
along the west wall of the valley. The hollow west of the
Asylum Hill was doubtless the West River channel, and the two
rivers met in what is now the center of the city. At that time
the detritus swept in by the rivers was dropped to form the wide
gravel plain which carries the Fairground and the Catholic
Cemetery. It is certain that the present gorge of the creek
through the city has been excavated out of the gravel deposit
which once covered all the site of the city. Remnants of the
filling occur west of the city, both sides of the creek, up to the
junction of two roads, within a mile of West Brattleboro. If the
400 foot contour is correctly placed, then the head of the Whet-
stone delta is a terrace on the south side at 420 feet. Another
terrace is 25 feet lower. These are on land of R. H. Briggs. The
Fairground plain is given by the map as 360 feet, reaching 380
at the west border. But taking the railroad station as 250 feet
the aneroid makes the plain over 400 feet.

North of the city is a high, oval hill contoured at 500 feet.
It is nearly all in forest and is part of the ground of the
Insane Asylum (‘‘The Retreat”). Cliffs of bare, rough slate
testify to the eroding work of storm waves, for the rubbing ice
sheet left these rocks smooth. Mere atmospheric weathering
has not greatly roughened them. The wave work at over 400
feet, in erosion and removal of the glacial drift, is evident. Care-

ful leveling, even with the aneroid, will determine here the
highest reach of wave action.

The valley of West River is so narrow and steep-walled that
it does not preserve the higher levels. But glacial lake deposits
will probably be found in the upper portions of the valley, as
the Connecticut ice lobe must have blocked the lower part of
the valley for a time. The glacial history can not be easily read

until the topographic maps adjacent to the Brattleboro are avail-
able.

East DUMMERSTON

About six miles north of Brattleboro is the village of East
Dummerston, in the hollow cut by Salmon Brook. In this
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valley the summit marine features appear in good shape. Pass-
ing r?orthwest from the railroad station, with altitude 260 feet,
the lower terraces are conspicuous. At the west turn of the road,
over a mile from the station, is a good plain under thp house of
John Sheldon, with altitude about 425 feet. The filling on the
south is several feet higher. The summit plain shows in rem-
nants at the Post-Office, at 435 feet, on both sides of the valley.
The place of Charles O’Neil is on the terrace near the junction of
the southleading road, with altitude about 435 feet. The delta
here once filled the valley at the theoretic height.

PuTNEY

At Putney village, Brattleboro sheet, we find the delta of
Sacketts Brook. An extensive lower plain hgs altltpde about
290 feet. A plain at 350 feet is massive clay, with a brick factory
behind the railroad station. ) ) )

The south part of the village is on a wide plain, at 375 feet,
declining to 365 at the front. At 400 feet a small terrace occurs
in the northwest part of the village, and the summit level is
found in the excellent plain at the High School, with elevation
about 445 feet. This abuts against the till slope of the valley
wall, and beyond the school the ground is irregular and unaffected
by stream detritus. The summit level is also found northeast
of the village. A fine plain carries the cemetery, at about 430
feet, while at 445 feet is a bench on the hillside by the house of
0. R. Kilburn.

Berrows FALLS AND SAXTONS RIVER

The city of Bellows Falls is located on the terraces of the
Saxtons River delta. A remnant of a high terrace stands in the
center of the city, being the hill along the west side of Rocking-
ham Street. The terraces may be seen from the cars ?‘f the
Saxtons River Street Railway. The lowest plain is The
Basin,” a circular meadow south of the city which was cut by
the river when it was down to near the present level. The raﬂ-
way at the car barn lies on a high, narrow shelf-terrace, with
altitude according to the railway profile of 387 feet.. About 90
feet above this is an elegant gravel plain, a fine example of the
high-level marine plains. It is utilized for the Oak Hill Ceme-
tery. Taking the railroad at Bellows Falls station as 309 feet,
and the street railway tracks at the car barn as 387 feet, the
cemetery plain is about 477 feet at the front and a few feet
higher at the back edge, where it abuts against the steep, irregular
valley wall. The theoretic marine plane here is about 470 feet.

It is probable that the Cemetery gravel plain was partly,
perhaps wholly, contributed by the flow of Williams River, When
the flow was confined between the west wall of the Connecticut
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Valley and the border of the ice sheet lobation. And possibly
the material was partly derived from the outwash of the glacier.
The relation of Williams River to the Connecticut Valley is
similar to that of West River at Brattleboro.

Five miles, by the railway, up Saxtons River is the beautiful
Barber Park. This is primeval pine forest spread over four
terraces of the delta filling in the lateral valley. The railway
station is given as 411 feet. The main terrace, of wide extent,
is about 440 feet; and the higher ones are about 450, 475 and 500
feet. It appears that the highest terrace at Barber Park is at
least 20 feet higher than the Oak Hill Cemetery plain, doubtless
due to the filling, or aggradation, of the delta above the standing
water.

At Saxtons River village the car tracks are given as 496 feet.
Good terraces occur here; the stronger one being south of the
village, carrying the cemetery and the fine old building of the
First Baptist Society. The altitude of this plain is about 545
feet; and some 20 feet higher is the summit plane, with the
building of the Warner Memorial Home. This, at 565 feet, is
35 feet higher than the summit terrace at Barber Park. This
increase in altitude passing up the narrow valley may not be
more than would be produced by the upbuilding of the delta.
But we must be prepared for glacial waters in the valleys tribu-
tary to the Connecticut.

Berrows Farrs To WINDSOR

No observations have been made between these two places.
The railroad lies on the New Hampshire side of the valley; the
stretch is difficult of access, and with no good maps. Moreover,
a large part of the lower slopes and the tributary valleys are in
forest. Probably the delta of Black River is at Springfield
village; and the summit should be about 500 feet.

WINDSOR

The combined deltas of Mill River and Ely Brook are found
at the village of Windsor. Taking the elevation of the railroad
station as 321 feet the altitudes of the terraces are as follows.

The main lower plain is in the western part of the village,
traversed by State Street. The High School stands at the
east, or lower, margin of the plain. Here, at the band stand,
the altitude is 470 feet. At the State Street School, by the rear
edge of the plain, the altitude is 475 feet.

Massive clay is seen in excavations on Ascutney Street, and
on State Street at 410 feet. This clay extends up to 490-495 feet,
and forms the mass of the higher plain, which is now eroded into
knolls and benches. The new steel reservoir is located on one
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of the clay knolls, and the Ely homestead is on the plain at the
full height of 500 feet. Here a thin veneer of sand appears.

The head of the Ely Brook delta lies west of the Ely house
and near the dam of the old reservoir. It is a small cobble plain,
abutting the steep valley wall, with altitude about 540 feet.
Remnants of this summit level occur both sides of the brook
valley, and an excavation by the road exposes the cobble beds at
the top. This altitude, 540 feet is the theoretic height for the
summit marine plane at this locality.

The valley of Mill River has not been explored, but good
features will surely reward search.

HARTLAND

From here to beyond Norwich we have the help of the ex-
cellent map of the Hanover quadrangle. The village of Hartland
is on a rolling plain with altitude averaging 580 feet, by the map.
The corners are marked on the map as 582 feet. This is about
30 feet over the theoretic plane, and it probably represents lake
waters held in the valley by rock control at the ravine one-fourth
of a mile south of the village. Southward, down the valley of
Alder Meadow Brook, lower plains occur, the high one at approxi-
mately the marine summit, 550 feet. The lower plains are wide,
the railroad station being on one at 420 feet. The U. 5. Geo-
logical Survey bench mark, 441 feet, is on a boulder by the north
side of the road some 30 rods west of the station.

NorTH HARTLAND
(Evarts Station)

Handsome high-level plains lie here, being the delta of
Ottaquechee River. The heavy load of coarse detritus in the
grasp of the early flow of the river was not deposited here, but
was dropped in the upper valley at Woodstock and Quechee, in
the Quechee Lake that occupied the upper valley while the rock
ravine at Quechee Gulf was slowly cutting.

The theoretic summit level at North Hartland is about 560
feet. The extensive plain on which the village is built is con-
toured as above and below 380 feet. A plain of corresponding
but somewhat higher level lies east of the river. Southwest of
the village is a group of high, conspicuous knolls, composed of
silt or sandy clay. The highest knoll, about one-eighth ofa
mile north of the road, is contoured at 580 feet. They have a
roughly linear arrangement and decline in altitude southward,
the lowest knoll, on the south of the road being 540 by the map.
Not even a pebble was found in the district, and a cutting by the
road shows 30 feet of sandy clay. The allineation of the knolls
suggests an esker-like origin. The -present form is erosional,
and they are probably remnants of a silt deposit laid down bya
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glacial stream in an ice-walled channel, at or beneath the summit
sea-level waters. Both north and south of the road an eroded
water level is clearly seen, at 540-550 feet by the map. A mile
southwest, on the west side of the valley, a distinct delta terrace
appears at about 560 feet.

North of the Ottaquechee River, along the north and south
road, is found the summit plain of the river delta. By the map
contours the plain rises from 540 to 580 feet. The road here lies
in a deep ravine cut in the fine sand. A mile north of the river,
toward and at the forks in the road, sands are found at 600 feet.
These higher plains probably are effects of aggradation by the
land streams and the glacial drainage along the margin of
the waning ice lobe, because farther northward along the road
the deltas of the land streams are clear at about 580 feet.

Waite RivEr JuNcrion

The tracks at the railroad station are taken as 364 feet.
The theoretic limit of the sea-level waters is about 575 feet.

At this point, the junction with the Connecticut River of the
White River, the heaviest tributary from the west, we should
expect to find large delta deposits. We do find extensive plains,
but somewhat inferior to the summit level; the earliest deposits
of the White River having been dropped far up its valley.

Close to the village is a high hill of clay and sand which was
once connected with a corresponding plain across the White
River on the north. The flat top of the hill is 520 feet.  Sugges-
tions of the same level are seen across the Connecticut Valley in
Lebanon. A great sandplain that approaches the summit level
lies southwest of the village and is occupied by the State Fair-
ground. The altitude at the main entrance on the west side of
the Fairground is about 555 feet. In the fields on the west the
evidence of wave work on the till slopes is seen up to at least 560
feet. Onland of Mrs. G. Blanchard on the south side of the road
the ground has been shaped into bar forms. On the east side of
the Fairground the slope has been covered with windblown
sand, and the inscriptions of the standing water obscured. But
the rock knolls east of the plain suggest wave action.

The most significant features for determining the summit
water plane are found along the north and south road some two
miles southwest of the village. The topographic map (Hanover
sheet) shows the road as lying at 400 feet along the foot of the
steep slope, and at the head of a narrow plain. This plain is the
product of stream deposit and wave distribution at the marine
summit. The wave-smoothed plains reach the 580 contour; and
the theoretic figure is 575 feet., At the three-corners marked as
586 feet and by the two streams which cross the road a mile
south, the delta summits are about 570 to 580 feet. The delta
form is good by the house of Mr. B. Wright, on the southerly
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stream. On the third stream from the north, two miles north
of North Hartland, the rolling, knolly and probably kamy sands
are at 600 feet; but the smooth sandplain begins lower, at or
beneath 580 and declines to 540 feet.

VarLrLey or WHiTE RIVER

The sea-level deposits and deltas in the White River Valley
have not been examined and will be described only in theory.
Careful study of the valley and of the lateral or tributary valleys
will yield very interesting facts, which will confirm the history
here outlined.

The Pleistocene history of the White River valley is tied in
with that of the Dog River valley. The two valleys head in the
same district, near Roxbury, and decline in practically opposite
directions. The Dog valley, declining northward, holds the
record of the glacial, or ice-dammed waters, while the White
valley contains the detritus of the glacial overflow across the
summit col of the Dog valley; and its lower stretch the deposits
of the sea-level waters.

The theoretic height of the marine plane is 680 feet at
Montpelier and about 660 feet at Riverton (West Berlin). The
head of the Dog valley at Roxbury, and the col or divide between
the Dog and the White valleys is 1009 feet.

The sea-level waters occupied the Winooski and the Dog
valleys up to the summit marine plane. As expected, the Dog
valley contains broad terraces and eroded gravel plains up to
Riverton and Northfield Falls, at 650 to 660 feet. But the
gravel deposits do not end here, as should be the case if only
the marine waters had occupied the valley. The waterlaid
deposits continue up the valley to the very summit, at Roxbury,
because the glacial waters had filled the entire valley to the
summit col. We may call the glacial waters the Northfield Lake.

The divide at Roxbury has the character of a river-swept
plain. It was the outlet of the Northfield glacial lake, while the
glacier was the dam qp the north. The divide is a flat, swampy
stretch and then narrow rock passes. Passing southward from
the summit we find all the features that would be produced by
a large stream loaded heavily with sand and gravel. We find
extensive gravel plains, more or less eroded, and channels cut in
tock; these being beyond the reach and the capacity of the present
stream. The gravel and sandplains decline southward with the
stream, and have a mass and height beyond the ability of the
present stream. These features, partly flood-plain and perhaps
partly glacial, weaken southward until below Braintree they
are no more than the effect of the glacially-flooded White River,
third or north branch. It must be understood that the first
flow across the divide at Roxbury carried a heavy mass of detritus
of the glacial drainage; but as the Northfield lake came into
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existence it acted as a reservoir and the outlet stream, the Rox-
bury river, ran clear.

Passing further down the valley, below Randolph and ap-
proaching Bethel we again find gravel terraces that are not the
product of the present stream; although cut and dissected by
the stream. These plains range above and below 600 feet, but
have not been accurately measured. They are the deposits of
the Third Branch of the White River in the summit sea-level
waters. At Randolph the theoretic height is about 605 feet.
With the deposition or aggradation of the river up stream,
especially in the narrow valley, it is expected that the highest
plains formed by the river will be higher than the level of the
standing water in the estuary.

Below Bethel the terraces become higher and higher above
the river, showing that these were laid in an estuary, by the
tributary streams, and not under present conditions.” Further
down the valley the detrital plains do not occut in the open valley,
but are seen as evidences of high-level water in the side valleys
or embayments of the main valley, where the lateral or tributary
streams built their deltas. Finally, at White River Junction we
find abundant evidence of the high standing water in both the
White River and the Connecticut River valleys.

LEBaNON, NEw HAMPSHIRE

A full description of the Connecticut Valley features would
include those of the New Hampshire side; but this has not seemed
appropriate for the present writing. Indeed, such inclusion
would not be practical now, as there are no topographic maps
except the Hanover sheet. It seems proper, however, to briefly
mention the features across the river from White River Junction,
in Lebanon; and below those at Hanover.

The Mascoma River has left conspicuous and definite
plains at Lebanon village and westward to West Lebanon. There
is a beautiful display of terraces both sides of the valley. On
the south side the wave-work is visible on the slopes to 560 feet,
the theoretic height being 575 feet. In the west part of the
village good terraces occur on the south side of a hill, on Mascoma
Street, at 565 feet; and on the southeast side a sand terrace is
570 feet. The village square is above the marine plane, being
about 588 feet. The railroad station is on the river floodplain
at 580 feet. The presence of standing water in the valley is
very evident up to 570 feet.

NorwicH
In this district the marine features are clear and strong; and

with the precise elevations given on the Hanover sheet accurate
data are available.
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On the west side of the valley, west of Norwich, the work of
waves on the hillside is evident; the features being similar to
those in the stretch southwest of White River Junction. Streams
flowing eastward, down the valley wall, contributed materials
for the waves to shape. The water-plane here is 580 to 590 feet
depending on latitude. '

By the cemetery, on Bragg Brook, is a good place for study
of delfa and the combination of stream and wave work. The
bench and terrace at 585 feet is positive wave work. The cobble
slope at 615 feet is the aggraded delta of the weak stream, aboye
standing water. The delta of Bloody Brook will be found a mile
north of the cemetery, and at altitude about 590 feet. ‘

Along the north and south road east of Mosley Hill the
wave work is clear, but it must be discriminated from some
higher glacial stream deposits which are deceptive. The level
of standing water is about 585 to 590 feet, with the reach of
storm waves a few feet higher. Southward the plains naturally
decline. The village of Wilder is on an inferior plain at 430 feet.

Hanover, NEw HAMPSHIRE

At Hanover we have an old and classic locality for the
study of the Connecticut Valley waters. The plain that carries
the main part of Hanover village and the campus of Dartmouth
College is about 530-535 feet in altitude, but the extensive plain
cast of the village is less than 520 feet. This extensive plain was
probably laid down by the land and glacial drainage forced
south along the east side of the ice lobe, as the front of the
glacier was abandoning this district. Southeast of the town
is the conspicuous delta of Mink Brook. On the southwest side
of the road the plain rises from 560 at the margin to 570 feet at
the roadside; while the rocks above the road indicate wave
erosion. This plain had been tentatively regarded as marking
the summit of the marine flood, but there was the suggestion of a
higher level in the forest on the south side of the brook which
caused doubt. During the past summer this was explored in
company with Professor Perkins, with fine result. Almost

hidden in the pine forest is an elegant detached plain, or mesa, .

estimated between one and two acres in area, quite flat, and
connected with the valley slope by only a narrow isthmus. Its
altitude is between 585 and 590 feet, the near-by corners at 522
feet giving good datum. This isolated mesa is impossible of
explanation except as a remnant of the Mink Brook delta. Its
altitude is practically the theoretic figure for the locality, 587
feet. Correlating with the mesa remnant are benches or low
knolls on the rough hillside toward the road corners at about 585
feet, and between these and the mesa is a bar-knoll at 585 which
has been excavated for gravel. ~ .

Many evidences of the summit level of the standing water
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in the Hanover-Norwich district will be found by further ex-
ploration and careful leveling.

OMPOMPANOOSUC VALLEY

The railroad at Pompanoosuc station is taken 392 feet,
and the theoretic figure for the marine summit is about 600 feet.
With Professor Perkins the valley was explored to a point in
sight of Union Village. Heavy lower clay and sand plains
shut in the view at the station, and the road winds through the
delta deposits, like all the roads near the Connecticut River that
ascend the tributary valleys.

The summit water level is reached about two miles from
the railroad, on the Waterman Hill. In front of the Truman
Waterman place the clear distinction can be seen between ice-laid
and water-laid materials, and the altitude is 595 to 600 feet.
From this point beautiful terraces are in clear view at Union
Village, two miles up the valley; and at the same height by the
pocket (Locke) level. Across the valley are terraces of local
brooks, with altitude within 20 feet of the 600-foot plane. Good
terraces occur at all levels below the 600 feet.

Without visiting Union Village it is evident that the summit
delta-filling of the Ompompanoosuc River is at and above the
village. It should be the pleasure of some student of this subject
to explore the valley and record the facts. The same may be
said about all the lateral stream valleys between Pompanoosuc
and Bradford, as the writer has made no examination.

BRrRADFORD

The district here, about the mouth of Waits River has been
quite carefully studied; also with Professor Perkins. The rail-
road at the station is taken as datum, at 405 feet; and the porch
of the Hotel Low as 445 feet. The theoretic plane is 650 feet.

Here the Connecticut Valley is joined by the deep, broad
valley of Waits River. The summit delta plains of the latter
stream have not been seen, but they must lie far up the valley,
probably at East Corinth.

Extensive plains and splendid terraces occur about Bradford.
They are especially conspicuous south of the village and .on the
south side of Waits Valley. About a mile west of the village
and south of the covered bridge is the best display of terraces and
cliffs that the writer has seen on the Vermont side of the Con-
necticut Valley. These gravel terraces lie between two creeks
that flow north to Waits River; the westerly one being Brush-
wood Creek, which heads near the Fairlee lakes. The heavy,
gravel deposit here, which has been carved by waves into bold
cliffs and terraces, was chiefly a kame area left by glacial drainage,
with some minor contribution, perhaps, by the two creeks.
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The series of terraces and cliffs record the rise of the land
out of the standing waters. The following enumeration is in
reverse order of their formation, or from bottom to top.

1. The present floodplain of Waits River, about 460 feet.

2. A narrow terrace; 500 feet.

3. A narrow bench, just over the large yellow barn; 525 feet.

4. The main lower terrace, with the high, conspicuous
front visible from the village and valley. A broad low bar
occurs on the terrace; 615 feet.

5. A broad, sloping terrace, not visible from the valley;
with broad bar; 635 feet.

6. Another wide, sloping terrace, with bar form at west
end; 650 feet.

7. A low shelf with bar form, at the foot of a steep erosion
cliff; 660 feet.

8. A ridge of gravel knolls, not wave swept; the highest at
west end, 675 feet.

The ridge of kame gravel (No. 8) clearly has been wave-cut
at the west end, where an excavation reveals its structure and
on the north slope where the wave-built bar (No. 7) lies at the
foot of the smooth, steep erosion cliff. The south side of the
kame ridge is very steep and irregular, dropping off to a deep
hollow between the ridge and the till slope forming the south wall
of the valley. The existence of this unfilled hollow suggests
that the detritus of Brushwood Creek did not reach here effective-
ly, but must have been dropped further south, up its valley.

The marine summit is clearly number 6, at 650 feet, with
number 7 as the storm beach. The steep, smooth, straight
north face of the gravel ridge is clearly the result of wave erosion.
It is a characteristic sea cliff. The top of the kame is irregular,
and never wave-swept.

The eroded west end of the main terrace (No. 4) shows
massive clay to within 15 feet of the summit, or to 600 feet.
This is within 50 feet of the theoretic marine plane, and is du-
plicated west of the village. Eastward, the main terrace, so
conspicuous from the roads and the heights west of the village,
declines and becomes fine sand. The east end, about 580-585
feet altitude becomes an extensive plain, being part of the Bliss
Estate. The original extent was much greater, as a remnant of
the plain, called Bliss Hill, one-fourth mile long, stands out
in the Connecticut Valley, southeast of the village. This is
north of the Fairlee road, by the sawmill, and is squarely in the
middle of the mouth of Waits Valley. The bedded sands to
the summit shows its connection with the plain on the west; while
its position rules out the idea of ponded glacial water in the
Waits Valley.

These excellent features and critical altitudes on the south
side of Waits Valley are confirmed by phenomena on Mink
Brook, west of Bradford village. Passing up the west-leading
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road in the village, finely laminated clay is seen at 500 feet, ex-
tending up the slope to 600 feet, where it has been exposed by
stripping off the gravel, in front of the house of E. A. Bacheller.
Above this point the surface deposit is gravel, showing well in
the garden of Robert Peavey. Just west of the house and
garden of Mr. Peavey is a stony bench by the channel of Mink
Brook, at about 655 feet, which is probably the work of storm
waves rolling in from the broad valley on the east. The slope
south of the road is wave swept and a cliff stretches away across
the fields.
WELLs RIver

Wells River Station is taken as 462 feet. The theoretic
summit plane is about 690 feet.

About Wells River and Woodsville the valley plains are
inferior levels and mostly clay. North of the station at a brick
factory the clay was seen up to about 560 feet; which is only 10
feet higher than the clay at Bradford.

The sand and gravel delta of Wells River must be sought
up the valley toward Boltonville and South Ryegate. Passing
up the valley, remnants of the high-level delta deposits are con-
spicuous from the train all the way to Boltonville, rising from
about 530 to 650 feet. The stretch from Boltonville, 669 feet,
to South Ryegate, 744 feet, was examined on foot. The standing
water records are clear at Boltonville; up to 675-680 feet, at
least. The delta deposits extend up the valley to within about
two miles of South Ryegate, where the highest sandplain is
about 690 to 700 feet. Beyond this and at South Ryegate the
valley deposits are all glacial, although some kame gravels might
be mistaken for delta. The head of the marine filling is between
South Ryegate and Boltonville, at about the theoretic altitude,
and remnants of the deposits occur all the way to the Connecti-
cut River. The Wells River Valley deserves more careful study.

BARNET

The railroad station is taken as 464 feet; and the theoretic
plane is 715 feet.

At Barnet the critical features are related to the Stevens
Brook, flowing in from the west. The upper part of Barnet
village is on the inferior plains of the valley, at about 585 feet.
The terraces rise westward, up the valley, in succession for three
miles, to the three-corners near the Barnet Center Church. The
summit of the delta filling here is somewhere alfout 735-740 feet,
which represents some aggradation of the valley deposits.

CONNECTICUT VALLEY ABOVE BARNET

The Connecticut Valley has been briefly examined, through
the courtesy of Mr. Milo Gibson, as far as Upper Waterford.
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The terraced plains so prominent below Barnet are continued
above, but rapidly decrease in volume or mass. And as the
plains are not so high above the river the terracing is less con-
spicuous. Above the mouth of the Passumpsic River the
highest standing-water features are 715 feet or over. Passing
up the valley, by the road on the north side of the river, the
evidences of the estuary waters rise steadily. At Upper Water-
ford the summit is a wide and handsome plain, with corresponding
plain on the New Hampshire side of the river, at about 725-
730 feet. This plain is about 50 feet above the toll-bridge and
about 75 feet above the Connecticut at low water. ’

In this district, through Lower Waterford and Upper Water-
ford, the demarkation between the standing-water or estuary
deposits and the glacial deposits (till and kame) on the hillsides
is very clear. o

The writer has not explored the Connecticut Valley above
Upper Waterford; but some data are available in the description
by Warren Upham (paper 5, pages 23-25). His philosophy
récognized only river work, without marine submergence or change
in land level. ~But in the study of the upper valley and the in-
terpretation of the features the tilted uplift of the region must be
taken into the account. From Northfield, Mass., to Wells
River the rate of uplift along the baseline used in the diagram,
figure 2, is 2.8 feet per mile. From Wells River to the isobase
.of Upper Waterford the slant is 2.6 feet per mile. The rate of
uplift from Barnet to South Lunenburg along the course of the

-river will be somewhat less than the latter figure. The total
amount of uplift is shown by the diagram.

It is desirable that careful study be made of the upper
valley in order to learn the true history, and the following
suggestions may be helpful.

At the time the ice sheet was disappearing from the head-
waters of the Connecticut Valley it is certain that the flooded
river had a very heavy load of detritus; and that load must
have been dropped either at the head of the estuary in the sea-
level waters, or in a capacious lake above the estuary. It is
possible that the bouldery glacial drift was piled so deeply in the
narrow valley above Upper Waterford that it served as a dam
to the river, and held a lake from South Lunenburg to above
Lancaster, as Upharh suggests. In this case the abundant de-
tritus in the grasp of the early river was dropped in the Lan-
caster morainal lake; and formed the broad plains which now
have, according #o Upham’s maps, plates 1 and 2, an up grade
of about 3 feet per mile. And further, in such case the clarified
river did not have detritus to build any heavy delta in the

estuary.

An alternative suggestion is that the bouldery stuff in the
narrow valley below South Lunenburg and the plains above is
the much aggraded marine delta of the river. The marine plane
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at South Lunenburg has altitude, according to the dj
about 750 feet, which is 90 feet beneath thegvalley ﬁllilnagg ga::ggrgf
ing to Upham’s figures on figure 2.

Passumepsic VALLEY

This capacious valley, with large drainage area -
erous tributary streams, holds Verg}; heavy gdetritalalcllgpgsirtré
In earlier work and in the previous paper (11) the elevated plainé
were supposed to represent the northward extension of the
Connecticut estuary, although excessive heights were noted at
St. Johnsbury. The theoretic marine plane at St. Johnsbury
is about 730 feet; and at Lyndonville 740 feet. But very clear
effects of standing water occur up to 755 feet northwest of St
Johnsbury, in the valley of Sleepers River; and heavy gravei
plains at over 825 feet about Lyndonville. Such excessive
heights above the marine level cannot be explained by the up-
building or aggradation of delta filling. There seems no escape
from the conclusion that the Passumpsic Valley waters were
independent of the sea-level waters in the Connecticut Valley
But the southward direction of the valley, and the massive
character of the sandplains rule out any conception of a tem-
porary 1ce.blotkadef in the southern part of the valley by any ice
lobe. This valley is much more capacious than the Connecticut
Valley on the same parallel, and lies more nearly in the direction
of the glacier flow. Moreover, a barrier of moraine drift would
scarcely endure sufficient time to permit the formation of the
series of broad sandplains. A rock barrier in the path of the
river would explain the features. Mr. J. M. Perham, a civil
engineer at St Johnsbury drew attention to the rock pa,ss below
Inwood, at the mouth of the Passumpsic River. Examination
of th;ls channel shows that it is certainly post-Glacial. It was
?}(1);: fcee é);;h of the river during the millions of years previous to

If the rock barrier in the channel below Inwood held the
Passumpsic waters up to the level of the high plains at Lyndon-
ville it has suffered a surprising amount of erosion. More likely
the dam was partly morainal drift. Until we have topographic
maps of the region it is not practicable to locate the pre-Glacial
valley of the river on this parallel, although it may be done.

It seems necessary to postulate a land-locked lake in the
Passumpsic Valley, contemporaneous with the marine estuary

in the Connecticut Valley. In this vi
e onnesticut v 1s view the lake may be de-

Lake Passumpsic

The conspicuous plains of clay and sand, with terracing, in
the Passumpsic Valley and its tributaries were probably Tlaid
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down in lake waters, and not in waters confluent with the sea,
like the waters in the Connecticut Valley. The mouth of the
Passumpsic River, about one half mile south of Inwood Station,
is in a rock cut, with cascades. The rock is the schistose or slaty
rock prevailing in the district. The bottom of the irregular
channel is only the width of the cascading stream. The walls
of the pass are flaring and rise a few hundred feet. The river
channel is certainly not the path of the river before glacial time,
and its lifeis to be measured only in tens of thousands of years.
But the broad valley above, or north of the narrow pass, repre-
sents millions of years of pre-Glacial time.

When the ice sheet, in its melting, exposed this district the
pre-Glacial valley of the old representative of the present
Passumpsic River was blocked by glacial drift. The site of the
old outlet is not known, and it is desirable that this be found.
The waters in the Passumpsic and its tributary valleys stood at
first at the level of the initial overflow at the Inwood pass. The
highest water inscriptions in the valley will determine the height
of the Inwood barrier, which might have been partly morainal
drift. This impounded water may be called Lake Passumpsic.
It was not a glacial lake, like so many water bodies held up by
the glacier front, especially in valleys sloping toward the waning
ice sheet. It was a true land-locked lake; but to whatever extent
the barrier was drift it might be regarded as a morainal lake.

As the Inwood outlet was lowered by the river erosion the
level of Lake Passumpsic fell accordingly. Into the lake waters
the land wash and tributary streams swept clay and sand, which,
with wave action, built the plains. The conspicuous benches
and terraces represent the lowering of the lake surface due to
down-cutting of the Inwood outlet. The terraces in the Con-
necticut Valley, it should be remembered, were produced by the
rise of the land out of sea-level waters. The deepening of the
Inwood outlet could progress only as the lake waters stood higher
than the waters in the Connecticut estuary. Consequently the
Passumpsic Lake waters were always somewhat higher than the
estuary waters, and the latter, therefore, have no representation
in the Passumpsic Valley.

Fine examples of the higher plains are seen at Lyndonville,
up to at least 825 feet. This would imply that the Inwood
barrier was nearly that height, for the gradient of the summit
lake plane should be only the land tilt, about 2.5 feet per mile
in this region.

Good plains and benches occur a short distance above St.
Johnsbury, along the Sleepers River, on the Fairview and Wright
farms. The extensive plain which carries Main Street in St.
Johnsbury has altitude averaging about 695 feet. Boynton
Hill at the north end of Main Street shows the work of standing
water about the summit, at 735 to 740 feet. If this interpretation
of the history is correct water records should be found about St.
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Johnsbury from over 800 feet down to near 504 feet, the elevation
of Inwood station.

A large part of the plains is massive clay, the finer detritus
that was floated out and settled in the deeper and quiet water.
With the lowering of the water surface the clays were usually
covered with sand and gravel swept in by the stronger currents.
In manner of formation, in form and composition the lake de-
%oslllts are identical with the estuarine deposits of the Connecticut

alley.

It is admittgd that some element in the Pleistocene history
of the Passumpsic and upper Connecticut valleys may be undis-
covered, which may give a different explanation. In this subject
the scientific students of the region have a fascinating problem.
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The publication of the topographical map of the region about
Rochester, Vermont, made possible a further study of the struc-
ture of the Green Mountains. The writer devoted the month of
July, 1917, to this study and the accompanying diagram (Fig.
2) shows the parts of the area covered. The crest of the range
of mountains, lying along the western border of the area, was
followed from the north to the south and the rocks outcropping
outside the quadrangle to the west along the boundaries of the
Champlain valley were investigated that their relations with the
rocks within the area proper might be understood.

LocaTtion

The Rochester quadrangle lies in the heart of the Green
Mountains, midway between the Champlain and Connecticut
valleys, and about a third of the way from Rutland to Burling-
ton. The meridians of 72° 45’ and 73° west longitude bound it
on the east and west respectively, and the parallels of 44° and
43° 45" bound it on the north and south.

The quadrangle includes portions of four counties, Addison,
Orange, Rutland and Windsor. Hancock is the only township
which lies entirely within its boundaries, but Ripton, Granville,
Braintree, Goshen, Rochester, Bethel, Chittenden, Pittsfield,
and Stockbridge project to a greater or less extent into the area.

Alarge forest preserve, donated to the United States govern-
ment and to Middlebury College, by the late Joseph Battell,

-occupies the greater portion of the northwestern corner of the

quadrangle.
AREA AND EXTENT

The quadrangle is 1214 miles wide from east to west and
1714 miles long from north to south. Its area is, therefore, ap-
proximately 216 square miles.

PoruraTioN

A glance at the Rochester map shows that, estimating
generously, less than a fourth of the district is populated. The
precipitous hills do not lend themselves to agriculture and the
woodsman alone plies his trade in the wilderness. Along the
fertile valleys of the White and Tweed rivers several beautiful
villages have developed. Pittsfield, on the Tweed, has a popula-
tion of 402 people and is a prosperous farming and lumbering
community. Stockbridge, with like industries, is situated on
the White river and has a population of 737. Rochester, the larg-
est of the towns, has built up a considerable talc industry and
1500 people live within its limits. Hancock, a delightfully se-
cluded village nestlinig among the hills, has a population of 287,
largely devoted to lumbering and allied industries. Granville,
with its 464 inhabitants, has a small talc industry beside its lum-
bering and farming. A small summer colony centers about
Bread Loaf Inn in the northwestern portion of the area and a
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prosperous farming community is found at Goshen Four Corners
near its western boundary.

The total population of the area is approximately 3600,
representing a density of 17 or 18 to the square mile.

DRAINAGE

Figure 4 shows by lines the courses of the mountain
ridges throughout the area and their elevations. It also repre-
sents the drainage basins within the district. It will be seen
that the divides along the western side of the quadrangle limit
the waters draining westward to three small basins. The two
northern basins are drained by branches of the Middlebury river,
which flows into Otter creek. Other small branches of Otter
creek, Sucker brook, Mill river and Sugar Hollow brook drain the
southern basin. Otter creek ultimately empties its waters into
Lake Champlain.

The great central portion of the area is drained by the White
river and its branches. The water from the three main basins
is carried away by the West Branch of the Tweed river, the
West Branch of the White river and by Hancock Branch of the
White river, in the order named, from south to north.

Minor basms with steep slopes lie to the west of the eastern
range of hills and are drained by numerous short rivulets. The
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basins to the east of this range are drained into other branches of
the White river, which unites all their waters and pours them at
last into the Connecticut river.

No large lakes exist within the quadrangle. A very small
rock basin, or tarn, rests in a cirque-like depression a half mile
south of Middlebury gap. The depression was probably formed
by a local glacier, which existed for some time after the disap-
pearance of the continental icesheet from this region.

A second lake occupies a solution basin in limestone north-
west of Mount Nickwaket on the southwestern border of the
quadrangle.

TOPOGRAPHY

The highest point within the area lies along the crest leading
to Bread Loaf mountain, whichissituated just outside the north-
western boundary of the district. It has an elevation of 3800
feet. The lowest point is found at the southeastern border,
south of Stockbridge. Its altitude is 730 feet, making the total
relief of the quadrangle 3070 feet.

Two main ranges,of which the western is the higher, run north
and south through the Rochester quadrangle. No rivers cut
across either of the ranges. It has been customary to call the
quartzite ridge, facing the Champlain valley and lying within
the Middlebury quadrangle to the west, the “first range.” The
western range of the Rochester quadrangle, formed in part by
Bread Loaf and Goshen mountains, then becomes the ‘‘second
range,” and Braintree mountain, along the eastern boundary,
the “third range.” It is interesting to note that the rivers, run-
ning from Braintree mountain to the west, drain out through
gorges in a quartzite ridge into the White River, just as other
rivers to the west of Middlebury gap drain out across an elevated
plateau through gorges in the quartzite ridge, known as the
“first range,”’ into Otter creek.

Figure 4 gives the elevations of the summits along the second
and third ranges. They vary in altitude along the second range
from 2740 feet to 3800 feet and along the third range from 2640 to
3023 feet. Numerous east and west spurs branch off from the
main ranges and include some of the highest peaks within the
area. Thus, Monastery mountain (3222 feet) forms a portion
of a ridge east of Worth mountain along the second range and
Round mountain (3315 feet) forms a part of an extended east-
west spur northwest of Pittsfield.

The mature dissection of the region is well illustrated by
Figure 4. The numerous branches of the main rivers have
isolated many small pocket-basins enclosed by spur-ridges.

Figure 5 presents a longitudinal profile along the second
range. Three marked depressions, Middlebury gap (2149 feet),
Brandon gap (2184 feet), and Wetmore gap (2650 feet), are
prominent in the profile. They occur at rather regular intervals
along the crest and their positions are probably determined by
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the process of river spacing announced many years ago by Pro-
fessor Shaler.

The irregularity of the range crest shows that all remnants
of peneplain levels, which may have existed over this area in the
past, have now been destroyed and long erosion has produced
an insequent mountain profile. Plate V may be contrasted with
Figure 5, since it shows a transverse section of the area. It also
emphasizes the fact that no remnants of peneplains may be dis-
tinguished across the summit peaks, though the elevated plateauy,
sloping westward through Ripton and underlain by quartzite
and conglomerate, probably represents a stage of erosion very
different from the summits of Kirby peak and Gillespie moun-
tain. The Ripton plateau may represent a portion of a second
cycle erosion surface of the same age as the Champlain valley,
which lies at a lower level because underlain by soluble lime-
stones. The lower altitude of the Champlain valley is duein
part, however, to a normal fault running along the face of the first
range of quartzite.

White river and its branches have had much greater erosive
power in the remote past than at present and the deep valleys
carved out of the hills at that time have since been filled by river
alluvium. The inability of the rivers to carry their load has
caused them to meander slightly over narrow but flat floods
plains. In general the flood-plains extend up the valleys to al-
titudes of 1200 to 1300 feet. Occasionally a single terrace has
been formed, but the multiplicity of terraces shown by the
branches of the Connecticut river farther south is lacking. Above
the region of flood-plains the rivers run swiftly over tumbled
masses of boulders, but seldom do they expose the country rock.

A glance at the Green Mountain Trail, along the course of
the second range, shows that it seldom follows the summit. In-
stead it runs along the base of a slope which rises abruptly to the |
crest of the range. This slope is covered by a creeping mass of |
angular boulders very hard to traverse. It is believed that this
slope, so out of accord with the lower slopes of the mountains, is
a remnant of the bergschrund action of local glaciers long since
melted away.

Unlike the White Mountains to the east, the summits of the
ridges throughout this quadrangle practically never are barren
of vegetation. Occasionally the fall of a wind-blown tree ex-
poses bed-rock beneath, but in this way alone can the geologist ‘
hope to find the evidence he needs to unravel the complex strtc- |
ture of the hills. 3

GEOLOGY OF THE QUADRANGLE

The month which the writer was able to devote to the study
of the Rochester quadrangle only enabled him to distinguish a |
few of the problems created by-the great overthrusting move- |
ments which formed the Green mountains. He cannot hope to §
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do more than suggest solutions of these problems and awaits
the results of further field work for confirmation or disproof of
his theories.

The work already done by C. L. Whittle* in the Rutland
quadrangle, just south of the Rochester area, proved a key which
unlocked the mysteries of many tangled relations. Whittle dis-
covered in that area two series of rocks, the Mount Holly series
of early Algonkian age and the Mendon series of later Algonkian
age,of which the latter alone is important for further consider-
ation in this paper.

The relations of the Mendon series are best studied, as its
name implies, in the town of Mendon, 8 or 10 miles south of
the southern border of the Rochester quadrangle. The members
of the series, as stated in Whittle’s paper, are as follows:

4 Mica schist—800 feet—contains secondary quartz lenses
with some secondary feldspar.

3 Micaceous quartzite—500 feet as exposed in Mount Nick-
waket—pebbles of feldspar and quartz at its base by
which it is easily identified—strike, west of north, and
dip 80° east or overturned to the west—changes on
strike to muscovite schist.

2 Pebbly crystalline limestone—350 feet, but on Mount Nick-
waket 500 feet are exposed—in certain folds this layer
becomes a granular mica gneiss.

1. Green muscovite schist—completes a total thickness of
approximately 1300 feet for the series—grades into a
flinty quartzite and metamorphosed conglomerate con-
taining pebbles of blue vitreous quartz, gneiss and schist.

In the portions of the Rochester quadrangle visited, rocks
similar to those found in the Mendon series are most abundant.
It remains to be demonstrated that they form a part of the Men-
don series, for very similar rocks occur in the Lower Cambrian
series, outcropping in the first range and in the Champlain valley
to the west.

That the various problems may be approached coherently,
the several rock types will be discussed in order, beginning with
those rocks whose relations are believed to be best understood,
The rock types which will be discussed are:—

Conglomerates and arkoses,

Quartzites,

Calcite marbles, dolomites and calcereous schists,
Schists, including biotite schists, chlorite schists, cal-
careous chlorite schists, actinolite schists and tour-
malinized schists,

5. Gneisses.

Lk e

*C. L. Whittle, “Occurrence of Algonkian Rocks in Vermont and the
Evidence for their Subdivision,”” Jour. of Geol., vol. 2, (1894), pp. 396-429,
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1. CONGLOMERATES AND ARKOSES.
A—GEOGRAPHICAL DISTRIBUTION.

Conglomerates and arkoses have their greatest areal distri-
bution along the western border of the district, west of the second
range. The Ripton conglomerate, described by T. N. Dale*
extends into the northwestern portion of the quadrangle and is
traceable to a line slightly east of Bread Loaf Inn. Farther east
it is so metamorphosed that its conglomeratic appearance is lost.
South of Bread Loaf Inn, within the map-area, the rock was not
found.

On the southwestern slope of Romance mountain, in Goshen,
at an elevation of 2100 feet, approximately, coarse arkoses out-
crop for 200 or 300 feet as one ascends the mountain. They are
very similar to other arkoses occurring just off the southwestern
corner of the map-area and forming the basement of a thick bed
of quartzite south of Mount Nickwaket (F 59).1 This quartz-
ite is thought to represent member 3 of the Mendon series, asit
is overlain by a mica schist and not by the dolomitic limestone
which overlies the Lower Cambrian quartzite.

B—PHYSICAL DESCRIPTION. .

The Ripton conglomerate (F 3 and F 16) is an iron-grey
rock and contains pebbles of blue quartz, phyllite, and gneiss,
8 to 10 cm. in diameter. The pebbles are distorted and elon-
gated to a degree in the plane of schistosity: They are set in a
paste composed of quartz and oligoclase, with some orthoclase
and biotite. The feldspars are much altered to sericite and
rhombohedra of calcite have developed between the grains of
the other minerals. .

The Romance arkose (F 68) is rusty yellow in color and
coarse grained. It shows a schistose structure formed by mus-
covite fibers bending in irregular lamellae about angular bits of
quartz and feldspar, 6 to 15 mm. in diameter. Microscopically,
sericite is seen to replace the orthoclase and oligoclase feldspar$
almost completely. ~Calcite rhombs through the groundmass are
replaced by limonite.

C—GEOLOGICAL RELATIONS

In order to understand the relations of the Ripton conglom-
erate it was early found that it was necessary to go outside the
area represented by the Rochester map. Outcrops of the con-
glomerate were followed southward from Ripton to Silver Lake,
east of Lake Dunmore in Salisbury. At adam, by an abandoned
saw-mill, somewhat over three quarters of a mile south from

*T. N. Dale, ¢ The Cambrian Conglomerate of Ripton, in Vermont,’’ Am.
Jour. Sci., 4th series, vol. 30, (1910), pp. 267-270.

#The numbers refer to rock specimens and their thin-sections preserved
in the Vermont State Museum. ‘ -
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Rlpton, the conglomerate was found to overthrust a chlorite
schist. The hill northeast of Silver lake is composed of con-
glomerate, whereas the valley of the lake and the region about
are underlain by quartzite and dolomite.

Dr. T. N. Dale* considers that Silver lake rests in a syncline
of Cambrian limestone.” The writer’s study of the locality led
to a different conclusion. Just above the Falls of the Lana, the
Cambrian quartzite, overlooking the Champlain valley, was
found to rest unconformably on the Mendon dolomite (F 39)
and to have an arkosic conglomerate (F 38) at its base. The
basal conglomerate of the Cambrian quartzite is so unlike the
Ripton conglomerate, exposed less than a mile to the east, that
the two cannot be considered of the same age. The Lana con-
glomerate has small pebbles of potash feldspar and includes
dolomitic particles from the rock on which it rests. Itis onlya
few feet in thickness and passes gradually into true Cambrian
-quartzite.

As far as the writer can discover, the conglomerate at the
base of the Cambrian is never as coarse grained or as thick as the
Ripton conglomerate. The latter is solike the Mendon type de-
scr_lbed by Whittle that, in view of the facts already stated, the
writer believes that the relations of the rocks near Silver 1ake’may
best be explained by an overthrust fault which has carried the
underlying Mendon conglomerate up and over the Cambrian
quartzite.

The two conceptions of the structure at Silver lake, held by
Dr. Dale and the writer, are graphically represented by the two
fc:ro§bs-sect10ns of Figure 6. Dale considers the rock succession
o be:

3. Cambrian dolomite,

2. Cambrian quartzite,

1. Cambrian (Ripton) conglomerate
The writer interprets it rather:

5. Cambrian dolomite,

4. Cambrian quartzite,

3. Cambrian (Lana) conglomerate,

2. Proterozoic (Mendon) dolomite,

1. Proterozoic (Ripton) conglomerate.

_ It will be noted that the two upper members of the Mendon
series are lacking beneath the basal Cambrian conglomerate
indicating an extended period of erosion between the two series.
The Romance arkose is, however, thought to form the basal por-
tion of the quartzite member of the upper Mendon series and its
relations will be discussed later.

IT QUARTZITE
A—GEOGRAPHICAL DISTRIBUTION
The large masses of quartzite which have persistently with-
stood erosion and stand as the first range of the Green Mountains
*T. N. Dale, ““Taconic Physiography.” Bull. 272, U. S. G. §, p. 43. ,
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DALE’s

overlooking the Champlain valley, do not outcrop in the Roches-
ter area. They were studied at Lake Dunmore (F 48), and at
Ripton gorge (F 25). Professor Seely first discovered the Cam-
brian fossil, Nothozoa Vermontana, at the Dunmore locality.
The quartzite is overlain by a sandy dolomite.

Preterozoic (Mendon) quartzites overlie a dolomite and have
at their base the equivalent of the Romance arkose, west of
Holden, in Chittenden, off the southwest corner of the area.
They occur in a similar position south of Goshen Four Corners,
: dipping eastward into the west face of the ridge north of Lookoff
mountain. On the eastern side of the White river, quartzites,
thought to be of upper Mendon age, form the summit and western
foot of Hancock mountain, east of Hancock village (F 22).

Other quartzites, whose relations are less well understood,
outcrop in the bed of the West Branch of Texas brook, east of
Burnt Hill, Hancock, at an elevation of 1700 feet (F 35), and also
along the Mine Railroad in Rochester (end of spur, 1350 feet,
F 80).

AUTHOR’S
CONCEPTION
CONCEPTION

(Inferred,from text)

Scale—1 inch

B-PHYSICAL DESCRIPTION

Specimens of quartzite vary greatly in appearance even when
found in close juxtaposition. In the hand specimens the Dun-
more varieties show little evidence of individual quartz granules.
A yellowish white type is composed practically of pure quartz,
but a mottled gray specimen shows under the microscope a fine
mosaic of quartz, perthite and calcite, with a minor amount of
sericite and rounded grains of zircon. These rocks were studied
that they might be compared with, and differentiated from, the
Proterozoic quartzites occurring within the Rochester quadrangle.

The quartzite from Hancock mountain consists largely of
quartz in distinct granules giving it a friable texture. It contains
also flecks of sericite and a very little calcite. The specimens
collected were banded and show minute folds. Narrow bluish
gray layers, a few millimeters in width, alternate with rusty white
layers, 1 or 2 centimeters in width.

The Holden and Goshen varieties are very similar to the
lower Cambrian types at Lake Dunmore, but have a coarse arkose
at their base, which is frequently metamorphosed to a rusty
schist.

The Rochester quartzite, outcropping near the talc mines, is
bluish gray in color and contains quartz, muscovite and a little
calcite. Again, the variety from Burnt Hill verges into a mica-
ceous schist, being composed of fine, friable layers of quartz,
with a small amount of feldspar between discontinuous lamellae
of silvery muscovite.

Jt
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C—GEOLOGIC RELATIONS
Atccepting Whittle's columnar section of the Mendon series
) as correct, the quartzites of the Rochester sheet may be assigned
to three horizons. They may form a part of the Lower Cambrian
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series, which outcrops in the first range, or of the micaceous
quartzite overlying the dolomite of upper Mendon age, or they
may represent sandy layers in the Ripton conglomerate of lower
Mendon age.

As previously stated, the upper Mendon and Lower Cam-
brian quartzites are very similar. They both have grains of
feldspar in their composition, but the basal arkose of the Men-
don series is much thicker and coarser than that of Lower Carp-
brian age. Again calcite and dolomite are more abundant in
the Cambrian variety. But most important of all a thick schist
series overlies the Mendon quartzite, while the Cambrian quartz-
ite is overlain by a sandy dolomite. The positjon of the arkose
in the series is, therefore, very important and is believed to be
determinative even if the series has been overturned. If the
order from bottom to top as found is arkose, quartzite, sandy
dolomite, the normal Cambrian series is to be inferred. If, on
the other hand, the orderis schist, quartzite, arkose, dolomite,
the inverted Mendon series is present _

The rocks south of Goshen Four Corners, dipping eastward
into the second range, by these criteria are the inverted Mendon
series. The same order is seen farther north on the western
flank of Romance mountain. The Holden quartzites are not
overturned and show the normal order of the Mendon series.
The Hancock series, on the other hand, shows the normal orgier
as one ascends the mountain from the White river valley, passing
into the core of the overturned syncline, but the reversed order
as the region toward the east is traversed. . '

The structure about Burnt Hill and the Talc mines, in
Rochester, is so confused that nothing definite is known con-
cerning the position of the quartzites of these localities.

I1I. Carcite MARBLES, DoLoMiTES AND CALCAREOQUS
ScHISTS

A.—GEOGRAPHICAL DISTRIBUTION

Rocks of calcareous types are not abundant in the Rochester
quadrangle. They occur at its southwestern border, forming a
large part of Mount Nickwaket (F 58), and outcrop in the bed
of Furnace brook where it flows beneath the bridge, south of
Steam Mills school. North of Mount Nickwaket they dip to
the east beneath mica schists, notably at sgveral outcrops near
the intersection of the parallel of 43° 50’ with the road leading
south from Goshen Four Corners (F 51, F 52). They thusform
an extended north and south band of narrow width in the
southwestern portion of the quadrangle. o

The great central mountainous area is apparently lacking in
these rocks, but they are found again along the course of the
White river valley. The writer did not visit these localities,
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but outcrops have been described by Dr. T. N. Dale,* ¢“3 miles
south of Rochester Center, on the west side of the White river
valley,” northwest of the F. F. Kezer’s farmhouse and also in
Hancock, near the Rochester line, almost due west of the bridge,
crossing the White river at that point. Similar outcrops of
““saccharoidal dolomite” were found by Hitchcock { near Middle
Granville. Dale infers that the White river outcrops form part
of a single band, extending up the river.

B.—PHYSICAL DESCRIPTION

The calcareous types collected were all white or grayish
white. They vary in grain from very fine to medium. Some of
the marbles show discreet calcite rhombs, 1 to 2 mm. in diameter,
in the hand specimen. Friable types, occurring south of Goshen
Four Corners, interbedded with schists, frequently are very
arenaceous or become silvered by muscovite lamellae (F 51 and
F 52). The latter rock carries minute dashes of pyrite along the
planes of schistosity.

C.—CHEMICAL DESCRIPTION

The writer did not analyse any of the specimens collected.
Hitchcocky states that the Hancock limestone has the following
composition:

CaCOpuunven oo, 90.3%,
MgCOg.ooovvi i, 6.9%
S 2.8%
Fe,Ope il trace
100.09;
He also gives the analysis of the Granville variety:

CaCOprireiiannnnn. 89.7419,
MgCOyovoouiann 4.264%
Fe, O, +AL,Oyeu. v 2.4209,
SiOgieiiiiiiiiii 4.8759,
101.30%,

Though old, the analyses confirm the impression made by the

hand specimens that the limestones of the White River valley
are generally dolomitic.

D.—GEOLOGICAL RELATIONS

The limestones south of Goshen Four Corners are interbedded
with a crenulated and tourmalinized muscovite schist. The beds
dip to the eastward beneath a ferruginous quartzite, which is

*T. N. Dale, Calcite Marble and Dolomite of Eastern Vermont, Bull. 589,
U.S.G. S, pp. 9, 20 and 22.

T7C. H. Hitcheock and A. D. Hagar, “ Geology of Vermont,” vol. 1, (1861),
p. 557.

1Op. cit., p 557
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believed to be the equivalent of the lower member, or green
muscovite schist, of Whittle’s Mendon series. Northwest of
Mount Nickwacket, the limestone rest along a fault contact
against a quartzite believed to be of Cambrian, but perhaps of

upper Mendon, age.
In all known occurrences in the White River Valley the

limestone outcrops west of the river and 200 to 750 feet above its
bed. It dips eastward and apparently underlies the quartzite
forming the crest and foot of Hancock mountain.

Figure 6 is a generalized cross-section presenting the writer’s
conception of the relations of the Mendon series to other rock
series from Hancock mountain and the White river valley on
the east, across the second range to the quartzite hills of the first
range on the west. The dip of the overthrust fault plane to the
west is exaggerated. In the field it varies from 20° to 30°.

IV. ScHistosE Rocks
A—INTRODUCTION.

The greater portion of the Green Mountain ridge is com-
posed of schistose rocks. Gneisses are common, but never so
abundant. For the purposes of this report the schistose types
may be grouped into five classes.

Class [—Biotite schists,—composed of quartz, oligoclase or
albite and sometimes microperthite or orthoclase, sericite and
biotite.

Class II—Chlorite schists,—composed of quartz, oligoclase
or albite, sericite, chlorite and epidote.

Class IIT—Calcareous chlorite schists,—composed of oligo-
clase, sericite, chlorite biotite, epidote and calcite.

Class I[V—Actinolite schist,—composed of quartz and acti-
nolite, with small amounts of oligoclase and chlorite.

Class V-—Tourmalinized schists,—composed of quartz,
albite, muscovite or chlorite, with tourmaline.

B.—BrIoTITE SCHISTS

1. GEOGRAPHICAL DISTRIBUTION

The Ripton conglomerate has been traced by successive
stages of metamorphism into a schist of the type described
under Class I (F 10). Rocks of this variety are common
all about Bread Loaf Inn (F 12) and are found west and
south of this locality. They (F 17) are overthrust onto a cal-
careous chlorite schist, south of Ripton, near an abandoned saw-
mill. The exact locality is a mile to the west of the northwestern
boundary of the Rochester area. Other conglomerates, transi-

REPORT OF THE VERMONT STATE GEOLOGIST

- Fic. 7
ENERALIZED CROSS SECTION, RocHESTER AREA

91



92 REPORT OF THE VERMONT STATE GEOLOGIST

tional to schists, rest upon lower Cambrian quartzite, along an
overthrust fault plane east of Silver lake, 214 miles west from the
west central border (F 40).

Rocks similar in type to the above, but so far removed
from outcrops of Ripton conglomerate that their relation cannot
be determined, are found at the summit of the road passing
through Brandon Gap (F 62 and F 70), and on the southwestern
slope of Romance mountain at an elevation of 2400 feet,—thus
overlying the arkose at that locality (F 65).

Three other localities at which rocks of this type outcrop
are (1), along the ridge north of Lookoff mountain and south of
Goshen Four Corners (F 54), (2) in the valley of Furnace brook,
just south of Steam Mill school-house (F 57), and (3) on the
northwestern slope of Bloodroot mountain, just south of Bee
brook (F 72). :

92.—PHYSICAL DESCRIPTION

The typical biotite schist as found north of Bread Loaf
Inn, where it is transitional into the Ripton conglomerate, is
iron-gray to black in color and has “augen” of blue quartz or of
quartz and feldspar, about which the schistose paste of biotite,
quartz and feldspar flows.

Under the microscope the feldspars are seen to be replaced
by sericite. All the minerals, quartz, oligoclase-albite, sericite
and biotite are completely oriented in the plane of schistosity
and garnets are frequently present.

3 —GEOLOGICAL RELATIONS

The Ripton conglomerate itself was not found in an over-
thrust position on the Mendon dolomite east of Silver lake. A
biotite schist, similar to that traceable into the Ripton conglom-
erate near Bread Loaf Inn, was, however, so found and although
the contact was not seen, it was believed to be a fault-contact,
since normally the Cambrian quartzite rests on the Mendon
dolomite as seen at Lana Falls, and evidence of overthrusting
was found elsewhere along the same line.

The thick conglomerate, acting as a competent layer, has
been thrust up and over rocks of much younger age and thereby
has been transformed to a biotite schist along the plane of over-
thrusting. The writer believes that a dip-fault has broken the
overthrust near Sucker Brook and erosion along the fault-line
has pushed the edge of the overthrust further east, south of the
fault plane. The overturned Mendon series forms the western
flank of the second range from Romance mountain southward,
and does not bridge the valley to the first range as it does near
Ripton. ’
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C.—CHLORITE SCHISTS
1.—GEOGRAPHICAL DISTRIBUTION

Chlorite schists are very common near the summit of the
second range. They occur at an elevation of 2050 feet west of
Middlebury Gap (F 1), and underlie most of the country drained
by Texas brook, Hancock (F 20). They outcrop at a lower
level and farther from the range crest, east of Brandon Gap,
near the village of Robinson. Other types, quite unlike the ones
just mentioned, were found on the eastern slope of Hogback
mountain in the northern part of Goshen (F 69).

2.—PHYSICAL DESCRIPTION

The chlorite schists from the range crest have a shimmering
green or bronze color on the plane of their schistosity, but per-
pendicular to their schistosity, thin layers of pure white quartz
or of mixed quartz and feldspar are prominent between very thin
lamellae of chlorite and muscovite. The feldspar is oligoclase
or albite and is frequently present as angular bits irregularly
oriented in a mat of sericite. Abundant, well formed microcrysts
of zoisite are disseminated through the rock.

The schist from Hogback mountain lacks the quartz layers,
and the microscope shows a fine mosaic of oligoclase, with a
smaller amount of quartz filled with shreds of chlorite and mus-
covite. Large plates of biotite are scattered through the green
groundmass and are very distinct in the hand specimen.

3.—GEOLOGICAL RELATIONS

The relations of the chlorite schists from the crest of the
second range are so complicated that nothing can be deduced
from the facts now known. They may represent a portion of
Whittle’s Mount Holly series.

The Hogback schist forms a part of the overturned anticline,
west of Romance mountain, and dips beneath the Mendon ar-
kosic quartzite. It resembles the schist of upper Mendon age,
which overlies the micaceous quartzite near Holden, Chittenden
township (F 61).

D.—Carcareous CHLORITE SCHISTS

1.—GEOGRAPHICAL DISTRIBUTION

Only two calcareous chlorite schists were collected. One
of them was found underlying the overthrust Ripton con-
glomerate, near an abandoned saw-mill, south of Ripton (F 18).
The other forms the central core of the overturned syncline of
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Hancock mountain (F 21), and outcrops at an elevation of 1000
feet, as one passes up the road leading to Braintree, 214 miles
north of Hancock (cp. Fig. 7).

2.—PHYSICAL DESCRIPTION

The two specimens are quite unlike in appearance. That
lying beneath the Ripton conglomerate is dark green in color and
is composed of chlorite, forming a matted groundmass through
which flakes of biotite, 2 to 3 mm. in diameter, are disseminated.
Occasionally, pyrite cubes, 5 to 6 mm. on a side, are also present.
Microscopically, bent and distorted laths of oligoclase may be
seen altering to sericite and patches of calcite, as well as minute
microcrysts of zoisite, indicate that secondary alteration has gone
on extensively.

The rock from Hancock shows little evidence of alteration
in the hand specimen. It appears to be composed of minute
plates of chlorite, with occasional small octahedra of magnetite.
The microscope shows, however, that 50 per cent of the rock is
caleite. Quartz is lacking, but angular bits of obligoclase are
common.

3.—GEOLOGICAL RELATIONS

The chlorite schist from Ripton is so similar to that from
Hogback mountain and from Holden that it is believed to belong
with them to the upper Mendon series. Thus, the lower Mendon
(Ripton) conglomerate is thrust over the upper Mendon schist
at this point, whereas farther south it rests on the lower Cam-
brian quartzite. The calcite in the rock is probably of secon-
dary origin.

The schist from Hancock mountain was definitely deter-
mined to overlie quartzite. If it is true that the latter rock is of
upper Mendon age, then the calcareous schist lies above it in the
same series. It is possible that a ferruginous clay was deposited
farther west, near an old shore-line, whereas to the east a marl was
laid down in quieter waters. The calcareous schists associated
with the talc deposits of eastern Rochester may be of similar age.

E.—ACTINOLITE SCHIST
1.—GEOGRAPHICAL DISTRIBUTION

But one specimen of actinolite schist was collected within
the Rochester quadrangle. One other was found east of Goshen
village, 134 miles northwest of Goshen Four Corners. The
specimen within the area outcrops just'west of the summit of Cape
Lookoff mountain at an elevation of 3200 feet.
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2.—PHYSICAL DESCRIPTION

The two types are similar in appearance. They are com-
posed of many minute greenish to silver-gray needles, all ar-
ranged in parallel position. The microscope reveals a mosaic
of quartz grains filling the interspaces between the actinolite
fibers. A little muscovite and chlorite and a few small bits of
oligoclase, isolated in the quartz grains, are also present.

3.—GEOLOGICAL RELATIONS

Nothing could be determined concerning the age or relations
of these rocks.

F.—TOURMALINIZED SCHISTS
1.—GEOGRAPHICAL DISTRIBUTION

Tourmalinized schists outcrop at the falls of Texas brook,
in Hancock and are found on the Chittenden road, a half mile
south of Goshen Four Corners.

2.—PHYSICAL DESCRIPTION

The variety found at Texas Falls does not differ from the
other chlorite schists described under section C from the same
locality. The white veins are more abundant and feldspars
form a larger percentage of the rock.

The Goshen schist is a beautiful silver-gray rock, striped
with fine crenulated layers of chlorite. Minute scales of musco-
vite rub off very easily and are intermingled with quartz granules.

3.—GEOLOGICAL RELATIONS

The tourmalinization of schists of the ordinary types was
probably effected by the intrusion of deep seated granites.
Such granites are exposed by erosion in the southern part of
Rochester, within the core of the second range.

V. GNEISSES

A.—GEOGRAPHICAL DISTRIBUTION

The gneisses of the area are the least satisfactory of all the
rocks to study. Their relations are much confused because of the
intrusion of granites and the mashing of the structure of the
entire region.

Orthogneisses form a number of domal hills, 1800 or 1900
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feet high, north of Bread Loaf Inn, Ripton (F 11). Other
gneisses associated with them were produced by the intrusion
of granites into the Ripton conglomerate, followed by later
dynamic metamorphism (F 29 and F 31).

Gneisses, whose relations are entirely unknown, were col-
lected from the top of Burnt Hill, Hancock (F 2 and F 34), from
an outcrop by the roadside, east of Silent Cliff, Middlebury Gap
(F 7), from Worth mountain (F 4), and from a locality west of
Robinson, on the Brandon-Rochester road (F 90).

B.—PHYSICAL DESCRIPTION

Orthogneisses north of Bread Loaf Inn are pink, fine grained
rocks, composed of feldspar and biotite, with a large amount of
secondary zoisite. The feldspars are largely albite and micro-
perthite, but a small amount of microcline and orthoclase are
present.

Just outside the area, to the northwest, large Carlsbad
crystals of orthoclase have developed in the Ripton conglomerate.
The introduction by pneumatolitic agents of albite and micro-
perthite gives the feldspar bands a pinkish appearance, which is
entirely lacking in schists produced by simple pressure meta-
morphism.

The typical gneiss from the heart of the second range is
grayish white, normally, but it is often tinted greenish drab by
the amount of chlorite present. Layers of finely granulated
quartz, 2 to 5 mm. in thickness, are separated by paper-thin
lamellae of muscovite or chlorite The various minerals are
present in approximately the following proportions:

Granular quartz................ 60 to 70%
Oligoclase or albite..............10 to 209,
Muscovite. . ......... ... .. ... 10 to 159,
Accessory minerals.............. 2tob %

Accessory minerals include biotite, chlorite, magnetite and
rounded grains of zircon. Occasionally the amount of albite
increases till it is in excess over quartz.

C.—GEOLOGICAL RELATIONS

The intrusion of granites into sedimentary rocks has de-
veloped most of the gneisses of the Rochester area. A few
orthogneisses have been described. Most of these rocks outcrop
along the crest of the second range, but some are found in the
intervening valleys. Northwest of Bread Loaf mountain,
towards Camels Hump, intrusions appear to be more common
than within the Rochester area itself.

v
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RELATIONS 0F THE ROCHESTER AREA TO THE CHAMPILAIN
VALLEY

While studying the geology of the Rochester area, the
writer became interested in the relations of the rocks of the area
to those of the Champlain valley, toward the west. The cross-
section shown in Plate V has been prepared from various
sources and represents the main topographic features between
Lake Champlain and Braintree, Vermont, along a line stretching
from Addison to Snake mountain, thence to Ripton and Brain-
tree. C. H. Hitchcock*, in the year 1884, sketched a similar
section along a line slightly farther north, but since that time
a considerable body of data has been gathered and these data have
been utilized in the preparation of the generalized section here
given. The maps by Professor H. M. Seely, of Middlebury
College, and Dr. T. N. Dalef and the cross-section of Snake
mountain, by the Reverend Mr. Augustus Wing, have been made
use of, but the writer is responsible for most of the inferred
structural relations.

The lower Ordovician rocks of the Champlain valley are
closely folded in many shallow puckers between more profound
overthrusts shown in the figure. West of Snake mountain, the
Champlain clays, analogous to the Leda clays farther north,
conceal the underlying rocks. East of the mountain, metamor-
phism has destroyed most of the fossils and the rocks were once
included by Ebenezer Emmons in his Taconic system. The
exact relations of the Cambrian red sandstone, forming the
summit of Snake Mountain, to the white quartzite lying along
the face of the first range, is still unknown. Chipman Hill is
a prominent mound of terminal moraine, rising immediately
back of the town of Middlebury.

Slightly east of the normal fault, which has dropped the
Cambrian dolomite and the underlying Cambrian quartzite
along the eastern edge of the Champlain valley, the quartzite
of the first range is intruded by a coarsely porphyritic granite,
occasionally bearing tourmaline. The only contact effect ap-
pears to be the production of a graphitic schist near the intrusion.

The writer knows of no direct evidence within the region
which differentiates the overthrusting movements whereby the
Proterozoic, Ripton conglomerate was shoved over the Cam-
brian dolomitic limestone, from the later movements of the
Taconic revolution, forming the overthrusts of the Champlain
valley.

*C. H. Hitchcock, “Description of a Geological Section crossing New
Hampshire and Vermont,” Concord, N. H., (1884).

TH. M. Seely, * Preliminary Report on the Geology of Addison County,”
7th Annual Report, State Geologist of Vermont (1910), plate 48.

iT. N. Dale, ‘“The Commercial Marbles of Vermont,” Bull. 521, U. S. G.
S., plate 1.
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CONCLUSIONS

The study of the Green mountains of the Rochester map-
area has made clear several conclusions in the mind of the writer,

(1) The rocks of the area are mainly the continuation of
Whittle’'s Mendon series, from the Rutland quadrangle north-
ward. ‘
(2) The Ripton conglomerate is not of Cambrian age, but
is the basal layer of the Mendon series.

(3) The structure of the second range is a geanticline over-
turned towards the west. The core of the anticline is formed
in part of the Ripton conglomerate metamorphosed to schist
and in part of the Mount Holly series.

(4) The Mendon series occurs on the eastern side of the
second range as a series of ridges, of which Hancock mountain
forms a part, immediately east of the White river valley.

It should be recognized that the statements in this paper
are tentative. They rest on data gathered during a short stay
in a rugged region, where outcrops are few. Further time must
be devoted to the solution of the following problems:

(1) The relation of the red Cambrian sandstone of the
Snake mountain (Taconic) overthrust block to the white Cam-
brian quartzite of the first range.

(2) Criteria for the differentiation of the white quartzites
of the Mendon and the Cambrian series.

(3) Criteria for the differentiation of the metamorphosed
portions of the Mendon series from the older Mount Holly series.

(4) The time relations of the overthrust and normal
faultings within the Green mountains.

——
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THE TERRANES OF NORTHFIELD,
VERMONT

Cuarres H. RicuArDsON AND Samurer H. Camp,
SyrAacUsE UNIVERSITY

INTRODUCTION

The present report upon the Terranes of Northfield, Ver-
mont, is of necessity brief. It must be considered only as one
of progress in the solution of the intricate geological problems of
the eastern half of the State. The first named author traversed
this area in reconnaissance work in 1895, 1896, and 1897. In
1905 he visited all of the slate quarries in Northfield. It was .
not, however, until the summer of 1917 that detailed study could
be given to the field. The time available has proven inadequate
for a complete study of all of the field relations, the mapping of
the area involved without the use of topographic maps, the col-
lection of all possible museum specimens of the different types
of rocks and minerals, the preparation of microscopic slides and
the desired chemical analyses. Even now problems remain un-
solved for want of time to carry out the necessary MICroscopic
study.

In the summer of 1913 the second named author of this
paper, a graduate student of Syracuse University in the Depart-
ment of Mineralogy, was one of the party working out the
Geology and Mineralogy of Hardwick and Woodbury, Vermont.
As the problems involved in Northfield are much the same as
those in the more northern area, the former experience was
extremely valuable. Charles K. Cabeen and Rufus I. Rogers,
both major students in Mineralogy, were members of the party
in the field work for 1917.

The area chosen is practically the geographic center of the
State, and is further situated some ten miles south of Montpelier,
the capital of the State. It is further situated near the south-
eastern corner of Washington County.

There are three reasons for the selection of the area. (1) It
lies south 40 degrees west from the area covered by the first named
author of this report in the former reports of the State Geologist.
(2) It falls in the line of the erosional unconformity between the
Upper Cambrian and the Ordovician formations represented in
the eastern half of the State. (3) The economic possibilities of
the slate.

Some work was done in Moretown and Berlin on the north,
in Williamstown on the east, in Roxbury on the south, and in

99



100 REPORT OF THE VERMONT STATE GEOLOGIST

Waitsfield on the west. The total number of rock specimens
collected in the eastern half of the State and placed in the State
museum at Montpelier is eight hundred and seven. A large
number of samples were collected for microscopic slides for
petrographic study, and many photographs were taken in the
field.

An areal map showing the geographical distribution of the
terranes within the area involved accompanies this report as
Plate VI. A cross-section is drawn practically thru the center
of the township and at right angles to the strike of the different
formations. This protracted section also accompanies- this
report.

The authors recognize herewith their great indebtedness to
Dr. Rudolf Ruedemann, State Paleontologist, Albany, N. Y., for
his services in the identification of graptolites from both the
limestones and the slates, and for his examination of other forms
strikingly suggestive of fossils. It is especially gratifying to
have found these diagnostic features of age in both the lime-
stones and the slates in every township south from the inter-
national boundary, a distance of nearly 100 miles. Our in-
debtedness to T. Nelson Dale of the United States Geological
Survey is also expressed for his work on the slate formations of
Northfield.

DRAINAGE

The drainage of Northfield is wholly to the north. It is
effected by Dog River and Berlin Pond Brook. The former with
its tributaries, Cox Brook, Union Brook, (on all existing maps
incorrectly called Jones Brook) Rocky Brook, and Little North-
field Brook to the west, and Shaw Brook to the east, drains the
western and central portions of the township thru Berlin to the
‘Winooski River at Montpelier Junction. The Winooski empties
into Lake Champlain at Burlington. Berlin Pond Brook drains
the extreme north-eastern portion of the township and empties
into Berlin Pond in Berlin, from whence it flows into the Winooski
River below Benjamin Falls.

Cox Brook rises in Moretown, flows southeasterly thru the
southwestern part of Berlin into Northfield and empties into the
Dog River at Northfield Falls. Union Brook, Rocky Brook,
and Little Northfield Brook, all have their source in the Waits-
field Mountains and empty into the Dog River in the township
of Northfield. The first joins Dog River at Northfield village;
the second near the Harlow Bridge of the Central Vermont
Railroad; the third about one-half mile south of the Harlow
Bridge.

Shaw Brook rises in Roxbury to the south, flows in a norther-
ly direction, and is joined at South Northfield by Mill Hill Brook
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which rises near the Williamstown line. Shaw Brook flows into
Dog River about one-half mile north of the Harlow Bridge.

Excellent water powers are produced by many of these
streams as is shown at Northfield Falls on the Dog River where
the Davis woolen mills are situated. (See Plate VII.)

These streams flow in their old pre-Glacial valleys as is
shown in the case of the Dog River tributaries which have cut
out deep V-shaped, transverse valleys in the morainal material
down to the old, water-worn, pre-Glacial beds. Between North-

field and the Berlin town line the course of the Dog River has

shifted somewhat to the west of its old pre-Glacial valley.
The only railroad traversing Northfield is the Central
Vermont which runs parallel with the Dog River.

ToroGrAPHY

Northfield lies between the parallels 44 degrees 5 minutes
and 44 degrees 12 minutes north latitude, and longitude 72
degrees 35 minutes and 72 degrees 48 minutes west of Greenwich.

The valley of the Dog River in Northfield is broad, U-shaped,
and roughly parallel with the three ridges which traverse this
area longitudinally. The smaller streams emptying into the Dog
River have cut deep V-shaped, transverse valleys thru these
ridges.

The sericite schists and the quartzites which compose the
lowest portion of the Dog River valley extend from a line about
100 yards east of the river westward up to the first ridge where
a belt of black mica schist appears This ridge is about 1200
feet in height. West of this ridge there is an upland valley
predominated by sericites and quartzites. From this valley
the surface rises to the summit of the Northfield-Waitsfield range
of mountains whose crests attain an elevation of approximately
2500 feet.

Just east of the crest of this range, and parallel with it, there
is a belt of hydromica schist.

The high ridge to the east of the Dog River valley consists
of slates, phyllite schists, and limestones. It may be regarded
as the southern extension of Berlin Mountain. This mountain
in Berlin is approximately 2400 feet in height. Paine Mountain
in Northfield 2350 feet in height, and Turkey Hill is about 2200
feet in height. Shaw Mountain to the south is approximately
2000 feet in height. The limestones predominate in the valley
east of this ridge.

GLACIATION
The township of Northfield is mantled with morainic ma-

terial to such an extent that the geologist is seriously hampered
in the study of the field relations of the different terranes. Thig
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holds especially trie along the line of contact between the Cam-
brian and Ordovician terranes. It renders the actual contact
almost impossible to find. A little trenching at South North-
field where the two different outcrops are within 50 feet of each
other would reveal the actual contact.

Evidences of glaciation and the general direction of the ice
movement are the striations still remaining on the more resistant
rocks of the region. The well exposed outcrops of nearly pure
white, secondary, vein quartz show striations upon their smoothed
and polished surfaces. The resistant phyllites are perhaps the
best preservers of this evidence, altho the Cambrian quartzites
in the western portion of the township occasionally afford excel-
lent illustrations.

The general trend of the ice is well known to have been in
a southeasterly direction, but there were other movements,
perhaps somewhat local, in a southwesterly direction. The
slates at the top of the Dole-Brill quarry showed striations south
20 degrees east. In the eastern half of the township observa-
tions were made showing the direction of the moving ice to be
due south. The rounded and polished quartzites on the first
ridge to the west of Northfield village showed striations extending
south 30 degrees west.

Another evidence of glaciation is the boulder strewn fields,
pastures, and wood-lots. Boulders of the brecciated Coventry
conglomerate were discovered just north of the Dole-Brill slate
quarry. As the type locality for this conglomerate is in Coven-
try, more than fifty miles to the north, these boulders must have
been transported a greater distance than is generally accredited,
or else they came from some more southerly extension of the
conglomerate now covered by glacial debris. The size and an-
gularity of the boulders suggests the latter theory as probable.

About three miles west of Northfield up Rocky Brook and
near the base of Burnt Mountain there are many boulders of
augen gneiss. Some of these are ten feet in diameter. The size
of the boulders and their angularity suggests transportation for
only a short distance. It is, however, supposed that there are
no outcrops of augen gneiss in Vermont, but the size of these
boulders implies the presence of augen gneiss in place in the
eastern foothills of the Green Mountains. If more time had
been available a careful study would have been made of the so
called bastard granites that form the crest of the Northfield-
Waitsfield range of mountains. As these outcrops were said to
be in Waitsfield they were not visited.

The presence of many terraces in this area is another
evidence of glaciation. This feature is especially noticeable
along Cox Brook and Union Brook in the northwestern part of
the township. One terrace in the western part of Northfield has
an altitude of 1125 feet which would easily connect it with the
high terraces found in Berlin and Calais.
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The buildings at Norwich University are situated on sand
and gravel filling the valley to a considerable depth. Typical
cross-bedding due to shifting currents is well illustrated in some
of the excavations. The railroad station at Northfield is at
an altitude of 739 feet. The Weather Bureau is 848 feet. Jack-
man Hall is 876 feet above sea level.

GEOLOGY

The geology of Northfield is intricate and complex. The
terranes consist of a series of highly crumpled, folded and faulted
metamorphic rocks, dipping always at a high angle, and cut by
intrusive masses of both acidic and basic character. The sedi-
mentaries as well as the intrusives differ widely in age, as well as
in their mineral composition. A careful study of their field
relations has been absolutely necessary to avoid the introduction
of errors in their interpretation. Many microscopic slides have
been prepared to aid in this interpretation, and new slides from
material collected this summer are in the process of preparation.
Even with these aids there is a wide chance for error.

The western part of the area involved the stratigraphy must
be determined by field relations, altho slides have been made
from each formation. In the central and eastern part of the area
covered by this report it has been our good fortune to discover
graptolites in both the slates and the limestones. This feature
will be discussed under the caption of Paleontology.

ALGONKIAN

In Algonkian time there appears to have been an area of
sedimentation to the west of the central meridian of the State.
This was followed by the introduction of granitic rocks into the
sedimentary beds. These granites are the present gneisses of
the Green Mountain range. At the close of the Algonkian there
occgrred a crustal movement which metamorphosed these earliest.
sediments into schists and the granites into gneisses. The move-
ment was accompanied by folding and elevation. The earlier
mountain system of the State was thus formed. These rocks
comprise the major anticline of the Green Mountains which
stretches southward from the international boundary on the
north to Massachusetts. The Green Mountain gneiss is flanked
upon either side by a series of highly metamorphic schists. This
gneiss appears in the extreme western portion of Northfield, and
from its strike in numerous places where outcrops appeared it
stretches the entire length of the township. This area falls along
the crest of the Northfield-Waitsfield Mountains, which are
either densely wooded or burned over and now covered with a
dense growth of underbrush. The so-called bastard granite of
this range and the augen gneiss, found in numerous large boulders,
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belong here. Augen gneiss is known to have resulted from the
metamorphism of highly feldspathic sediments. This ridge,
from a scientific standpoint, is worthy of careful investigation,
which could not be given it in the time at our disposal.

CAMBRIAN
The term Cambrian as here used signifies a group of highly

metamorphosed sedimentary rocks which lie between the eastern
foothills of the Green Mountains and the erosional unconformity

that separates the pre-Ordovician from the Orodvician forma- .

tions. They consist of black pyritiferous mica schists, hydro-
mica schists, sericite schists, chlorite schists, and quartzites.
In early Paleozoic time a submergence of a large area of
Algonkian rocks occurred. From the erosion of these Algonkian
land masses sediments were derived and deposited upon the
submerged Algonkian terranes. At the close of the Cambrian
a crustal movement occurred which metamorphosed these
sediments into the various schists already enumerated.

HyproMmIcAa ScHIST

The hydromica schists lie on the east side of the Northfield-
Waitsfield range, and to the east of the outcrops of_ Green Moun-
tain gneiss. They are fine grained, greenish, micaceous rocks
which are more or less associated with chlorite. In some in-
:stances the formation appears as a chlorite schist. Accordlng‘to
Prof. C. H. Hitchcock, the prevailing mica of the hydromica
schists was originally biotite. If the mica was biotite it has in
many instances been altered to chlorite. Chlorite schists can
result from the crushing and excessive shearing of basic igneous
rocks. The hydromica schist is markedly different in its physical
characteristics from the sericite schist. This formation has been
traced southward all the way from the international boundary
to Northfield.

Brack PvyriTiFErOUS Mica SCHIST

The black pyritiferous mica schist that appears soabundant-
ly in Troy, Westfield, Lowell, Middlesex and Moretown appears
alsc in Northfield. Iere it predominates on the first ridge west
of the Dog River valley. _ )

The typical pyritiferous mica schist carries an a_bundance Qf
quartz, and a black to greenish black hydrated mica. In this
formation there are many crystals of pyrite. In many cases
the schist at the surface is pitted by cavities formed by the
oxidation of the pyrite, and the subsequent leaching out of the
secondary minerals formed during this oxidation. Sometimes
the crystals exceed an inch in diameter. Where the large pyrites
are absent this schist sometimes becomes splintery.
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This terrane has been continuous from the international
boundary on the north to the south as far as our work has been
extended. Thruout this entire distance of nearly 100 miles it
flanks everywhere the Ordovician terranes on the west and be-
comes the easternmost member of the Cambrian group. It is
the predominating formation in Northfield. It appears both
upon the west of the black mica schist and to the east and west
of the quartzites. Its combined breadth is much greater than
that of any other single formation. The sericites are interbedded
with more or less quartzite, and perhaps much of the material
mapped in as other formations of Cambrian age should have
been mapped as sericite.

The sericite schists present a light colored appearance on
their weathered surface and from a distance may be mistaken
for granite. The sericite schist is a fine grained rock containing
quartz and silvery muscovite (sericite) as essential minerals and
garnets, magnetite and pyrite as secondary constitutents. It is
often quite magnetitic. This phase can be seen at Northfield
Falls, where fine and perfect octahedrons of magnetite have been
obtained. On the western side of the Dog River in Northfield
this terrane becomes decidedly talcose. In some instances good
talc can be obtained. Near the Fair Grounds the talc pre-
dominates and samples collected have been cataloged as talc
schist.

Where the muscovite mica (sericite) predominates the
terrane is everywhere classified as a sericite schist. Where the
quartz grains are in large excess over the mica, as on the Moses
King farm in Northfield, the rock is cataloged as a quartzite.

The general strike of the sericite schist is north 40 degrees
east but there are many variations. The general dip is at a hi gh
angle to the west, but small, well defined synclines are also ob-
served in this formation.

QUARTZITE

The Cambrian quartzite has been a continuous terrane
from the international boundary on the north as far southward
as our work has been carried. In many sections it has been
flanked both upon the east and the west by the sericite schist.
It occurs on the higher altitudes of the first ridge west of the
main valley and in the valleys where erosion has been carried to
its lowest depths in Northfield.

In texture this quartzite is fine grained but it sometimes
carries quartz pebbles, of small dimensions. It consists essen-
tially of quartz and silvery muscovite (sericite). In some speci-
mens biotite is present. It frequently carries a small amount of
magnetite and pyrite. Garnets have been observed in this
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formation. The quartzites often carry secondary quartz in
their fracture planes.

The general strike of this formation is north 40 degrees
east, yet there are some striking variations. In a series of
sharply folded anticlines and synclines on the Moses King farm
about one mile west of the village of Northfield, the strike varied
from north 75 degrees east to north 60 degrees west. The dip
varied from 75 degrees east to 75 degrees west. The normal dip
of this formation is from 80 to 85 degrees west.

There are no slates of Cambrian age in Northfield altho
some of the fine grained sericite schists approach a slate in their
fissility and in the more northerly portions of Vermont, as in
Troy, they have been locally classified as slates.

ORDOVICIAN

The term Ordovician as here used embraces a group of meta-
morphic sediments that lie to the east of the Cambrian terranes
already described. These two groups are separated from each
other by an erosional unconformity. This unconformity has
been followed southward from the international boundary as
far as our work has been carried, which is a distance of approxi-
mately 80 miles.

The Ordovician terranes consist of a basal conglomerate,
limestones, marbles, quartzites, phyllite schists and slates.

In Ordovician time there occurred a submergence of a large
area of Cambrian rocks and the deposition thereon of sediments
resulting from the erosion of the Cambrian land masses, to-
gether with calcareous sediments largely of organic origin. At
the close of the Ordovician a crustal movement accompanied
with elevation and complex folding took place which metamor-
phosed the Ordovician sediments into limestones, marbles,
quartzites, schists and slates.

IrASBURG CONGLOMERATE

The Irasburg conglomerate which lies at the base of the
Ordovician was first discovered in the southern part of Irasburg
in 1904 and has been followed southward into Roxbury. In
Irasburg the pebbles are all pre-Ordovician and the matrix is
Ordovician limestone. In Northfield the matrix is Ordovician
slate and the pebbles are pre-Ordovician. In some instances
the pebbles have been elongated and present a schistose structure.
They vary in size from a fraction of an inch to six inches. The
conglomerate occurs in the lower part of the slate formation and
can be seen in Shaw Brook at South Northfield. It was in this
brook near the Vermont Black Slate Company’s quarry that the
Northfield phase of the conglomerate was discovered. If it
does not represent the southern extension of the Irasburg con-
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glomerate then it is its geological equivalent. If the term
Northfield was not already pre-occupied I would call this basal
conglomerate in Northfield the Northfield conglomerate. Its
strike is north 35 degrees east and its dip 80 to 85 degrees west.

Wairs RivEr LIMESTONE

The Waits River limestone does not cover so extensive an
area in Northfield as it does in the towns to the northward for
the more western location of this township leads to the greater
predominance of the sericite schists and Cambrian quartzites.
The formation in Northfield includes a series of limestones,
quartzose marbles, calcareous quartzites, and interstratified
phyllite schists.

The Washington phase of this limestone is a dark gray
siliceous variety, some beds of which yield a massive marble
susceptible of a high polish. As this marble weathers to a rusty
brown on long continued exposure to the atmosphere it is best
adapted for decorative interior work. This dark siliceous
variety is abundant on the west side of Berlin Mountain, Paine
Mountain, Turkey Hill, and in portions of the Mill Hill Brook.
It also occurs along the Northfield-Williamstown town lines.
In Williamstown there are large areas of this massive marble.
It is best cataloged as a marble reserve.

The true Waits River phase is a light gray siliceous banded
variety, which in these more westerly townships often becomes
shaly, and occurs along the Northfield-Williamstown town lines in
the southeastern part of Northfield. The shaly graptolitic
limestone of the Berlin Pond Brook and Shaw Brook valleys
represents this variety. It occurs also on Paine Mountain and
Turkey Hill. It is often interstratified with phyllite schists.
This shaly phase of the limestone has predominated in all of the
more western townships all the way southward from the Cana-
dian line. The shaly character of this limestone and its high
westerly dip is well illustrated by Plate VIII.

The Coventry phase of this limestone is very dark gray
and well filled with pyrite. The belt is generally very narrow.
It occurs in Northfield to the east of the main slate belt. It
is generally intimately associated with interstratified phyllite
schists, and often the entire area has to be mapped in as phyllite,
because of the predominance of the phyllite.

Where the quartz grains predominate the rock is classified
as a calcareous quartzite, which is in no way to be confused with
the Cambrian quartzite which is non-calcareous. When the
calcite grains predominate the rock is classified as a quartzose
marble. Perfect cleavage is often observed in the calcite in
these marbles. Slides from the marbles in the western part of
Brookfield show this characteristic. The microscopic slides of
the calcareous quartzites reveal well rounded quartz grains with
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small crystals of calcite, the calcite comprising less than 50
per cent of the rock. In the quartzose marbles the calcite
crystals with their perfect cleavage is in excess of the quartz
grains, ranging from 55 to 75 per cent of the rock mass. In both
cases secondary muscovite, biotite, and phlogopite have been
observed. Muscovite is by far the most common of the micas
present. Small pyrites are frequently observed. Carbon serves
as the pigment. This is definitely proven in microscopic slides
from Brookfield.

The general strike of these limestones and marbles is north
40 degrees east but there are many local variations. On the
west side of Berlin Mountain a group of twenty-five anticlines
rising in exposure from four to ten feet in height were en-
countered within a very small area. A few synclines were also
noted. The material is mostly shaly, graptolitic limestone.
The strike varies from north 80 degrees east to north 40 degrees
west. The pitch of the strike is about 30 degrees north. The
complexity of this structure is due to intense folding and trans-
verse faulting.

The beds of limestone on the western side of this terrane are
more shaly than those on the eastern portion of the arc covered
by this report. To the east where the more massive limestones
predominate the area is mapped in as calcareous. To the west
where the thin calcareous beds are so intimately interstratified
wlth the non-calcareous members the area is mapped in as slate
or phyllite, according to the character of the cleavage and the
degree of metamorphism.

MEMPHREMAGOG SLATES

The western belt of the Memphremagog slates does not form
a continuous terrane from the Canadian line as stated in the
Vermont Report of 1861. The belt is broken in Craftsbury and
Hardwick to reappear again in Woodbury. It then forms a
continuous belt southward thru Northfield into Roxbury. How
much farther to the south it is continuous is only a matter of
conjecture. It is known to appear in Barnard. The breaks in
Craftsbury and Hardwick are probably due to the fact that
erosion has been extended below the lower beds of the slate in
these two localities.

In Northfield the slates form a continuous belt on the
westerr. ank of the ridge just east of Dog River. Inthenorthern
part th _elt is approximately one mile in width, and narrows
somewhat as it approaches the southern part of the township.
The slate is closely associated with thin beds of limestone anp
phyllite. :

The slates vary in color from a bluish gray to a black. They
are fissile and can be easily trimmed to any desired size.
They are strong enough to be nailed without splitting, and possess
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the characteristic slate ring. They carry carbon as a pigment.
Occasional small crystals of pyrite and magnetite are seen on the
sawn edges. Some of these slates do not effervesce in cold
dilute hydrochloric acid, but where they are closely associated
with the limestones there is some effervescence.

The general strike of this slate belt is north 40 degrees east,
but there are many local variations, as there have been in the
other formations. The general dip is at a high angle to the west,
but dips to the east were recorded in many instances. This
easterly dip can be seen in Plate IX. The hammer hangs in a
vertical position. In some instances what appears as an easterly
dip at the surface may result from ice action during the glacial
period. Where this easterly dip is extended down thru the
quarry it can not be ascribed to ice action. An anticlinal struc-
ture is pronounced in some of these abandoned quarries. This
characteristic has also been photographed.

In the center of an abandoned quarry on the western slope
of Paine Mountain the dip of the cleavage in the slate is 85 degrees
east and quickly changes to 85 degrees west. This anticlinal
structure was found in several of the quarries. At the Dole-Brill
quarry, at South Northfield, a small quartz vein shows a dis-
placement of nearly two feet due to transverse faulting. Some
twenty rods to the west of the Vermont Black Slate Company’s
quarry the Cambrian formations appear as lying over and above
the Ordovician slate with an overthrust to the east. Such an
overthrust is recorded by B. K. Emerson in Massachusetts.
Several samples of the Cambrian material in Northfield were
collected this summer, 1918, for microscopic slides which may
prove the material to be highly altered, basic, igneous rocks
that have brought up with them inclusions of Cambrian material.
Large inclusions have already been catalogued in the granites of
Woodbury and also in the Boutwell, Milne and Varnum Com-
pany’s quarry at Graniteville, Barre, Vt.

PHYLLITE SCHISTS

_ In Northfield the phyllite schists comprise two lens-shaped
bodies roughly parallel with the strike of the limestones and
slates. The two lenses are cut by Mill Hill Brook. The phyllite
schists are more resistant to erosion than the limestones and
marbles and therefore form the more prominent ridges in the
eastern part of Northfield.

The phyllite schists have a fine grained texture which at
times becomes coarser near contact with intrusives. The schist
consists of quartz, muscovite and biotite. It is often charac-
terized by minute plates of ottrelite set transverse to the planes
of foliation. These plates are the largest and most abundant
where the metamorphism has been the greatest. Crystals of
magnetite. pyrite and garnet are not uncommon. Magnetite
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frequently forms the nucleus of the ottrelite spangle. Epidote
and secondary hornblende are common near the contact of these
schists with intrusives. In many cases the phyllites are highly
graphitic.

The graphitic and garnetiferous phase of the phyllite schist
occurs interbedded with a shaly graptolotic limestone on the
slopes and crest of the first hill south of Paine Mountain. The
strike is north 30 degrees east and the dip 75 degrees west.
Another small area occurs along the Williamstown west town
line. It is characterized by well defined and large crystals of
pyrite. The strike here is north 40 degrees east and the dip 80
degrees east. This variation in dip suggests an anticlinal strue-
ture in the eastern part of Northfield or else an overturned
structure. The extreme eastern portion appears synclinal.

The phyllite schists in their northern extension in Newport
and Coventry form a part of the Memphremagog slates. South
of Coventry where the metamorphism has been greater they
appear as schists, altho in some localities they still possess the
slaty ring and cleavage.

Acip INTRUSIVES

GRANITES

The uplift that occurred at the close of the Ordovician
caused sedimentation to cease in northeastern Vermont and
atmospheric erosion to begin. At the close of the Devonian
another crustal movement occurred which was accompanied by
the intrusion into the sericite schists, Cambrian quartzites,
phyllite schists, quartzose marbles, limestones and slates, granitic
material in a state of fusion with superheated water. These
intrusions induced further changes in many of the sedimentaries-
and in places injected them with dikes of pegmatite and aplite.
Acicular crystals of secondary hornblende appear in the phyllites,
limestones and marbles as products of contact metamorphism.
Epidote is occasionally found in the Ordovician limestones and
marbles, and zoicite in the Cambrian quartzites and sericite
schists.

Soon after the crystallization of the granites they were
traversed by dikes of pegmatite and aplite. The granites of the
main Vermont and Quebec belt are Devonian. Altho that belt
lies east of the area covered by this report there is no reason why
the granites in Northfield should not be classified also as De-
vonian.

The granites in Northfield occupy a relatively small area.
An abandoned granite quarry exists upon the Moses King farm
about two miles west of Northfield village. At the quarry the
outcrop suggests a stock, but in an adjacent pasture where no
quarrying has been executed the outcrop appears to be in the
form of a dike.
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The Northfield granite is a light gray biotite granite with
medium texture. It consists essentially of clear quartz, ortho-
clase somewhat kaolinized on the exterior, some oligoclase and
biotite. The accessory minerals are apatite and zircon. The
secondary minerals are kaolin and calcite.

This quarry presents the typical sheet structure, the sheets
dipping 15 degrees east. The granite is orbicular. The orbules
are not as abundantly scattered thru the granite mass as they
are at Craftsbury, Vermont, where the orbicular granite was
first discovered. The concentric arrangement of the biotite
orbules is indicative of the slow segregation of the more basic
portion of the magma from the molten mass. The orbules are
largely in the flowage zone, or outer portions of the granite
mass. These discoid aggregations vary in size from a fraction
of an inch to about two inches in their longer diameter. Their
presence renders the granite less valuable for monumental and
decorative purposes, while it has been used for underpinnings,
foundation work, culverts, and bridge guards. This granite
was used in the construction of the Harlow bridge on the Central
Vermont railroad. (Plate X.)

A few rods north of this abandoned quarry there is a dike-
like mass of granite which has a strike of north 35 degrees east.
It is a biotite granite, but no orbules were found in the flowage
zone. If it is connected with the granite stock of the abandoned
quarry the connection is covered by glacial till and probably
with considerable depth of Cambrian quartzite.

On the Samuel Andrews farm, a mile or more to the north-
east of the Moses King farm, there is an outcrop of granite
several hundred feet in width. A few blocks have been quarried
and used locally. It is a biotite granite. A part of the granite
is of very fine grain with good rift. There are probably other
outcrops of granite between these two farms in the wooded area.
If such outcrops do not appear at the surface they may not be
far below the surface. The intense crumpling of the Cambrian
quartzite which surrounds these granite masses shows more
disturbance of these sedimentaries than is otherwise common
in the area.

APLITE DIKES

Several small aplite dikes are encountered in the vicinity of
the Moses King farm. The strike of these dikes is nearly north
and south. An aplite dike was found on the right hand side
of the road leading down to the Harlow bridge on the Central
Vermont railroad. It was four feet in width and had a strike of
north five degrees east. These dikes consist essentially of
quartz, orthoclase, and a little muscovite.

In the extreme northeastern part of the township of North-
field and on the western side of Berlin Mountain in Berlin there
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is a dike of granitic material ranging in width from 3 to 4 feet,
and in length it is approximately one mile. The continuity of
strike indicates that these numerous outcrops belong to the
same dike, even tho in sections it is covered by glacial drift.
The strike of this dike is north 30 degrees east, while the strike
of the limestones cut by the dike is north 40 degrees east. Two
g{rria)ller dikes were encountered in the same locality. (See Plate

About one mile northeast of the village of Northfield there
are three pegmatite dikes with a strike of north 25 degrees east.
The strike of the sericite schist which these dikes cut is north
40 degrees east. The first dike is 4 feet in width, the second
2 feet in width, and the third is 30 feet in width. They occur
in the valley of Calvary Brook.

Basic INTRUSIVES
DIABASE

Diabase dikes are not as numerous in Northfield as they are
in many townships to the northeast. In fact the diabases are
most abundant in the townships along the international boundary
whose sedimentaries are Ordovician. A few dikes were dis-
covered on Shaw Mountain in Northfield. One of these dikes
had a strike of north 20 degrees east while the strike of the
sedimentaries which it cuts was north 35 degrees east. The
typical diabase jointing in some of the outerops on the ridge to
the west of the Vermont Black Slate Company’s quarry suggests
the presence of diabase dikes. This material is awaiting further
study from new microscopic slides.

CHLORITE

About two miles east of the head waters of Stony Brook
there are several dikes of chlorite or beds of chlorite schist.
These chloritic rocks, whatever their origin may have been, cut
the sericites and quartzites at angles varying from one to 45
degrees. There is evidence also in certain microscopic slides
that a part of this chloritic material was derived from the
metamorphism of diabases or amphibolites.

On the south slope of Dole Hill, near the Fair grounds, there
is a dike, or bed of chlorite schist, that cuts the sericite schist at
an angle of 5 degrees. Where the strike of the beds of chlorite
schist conform to the strike of the enclosing sedimentaries the
beds may result from the metamorphism of sediments. It is
hoped that the petrographic study of these chlorites in Roxbury
where they are much more abundant will throw additional light
on this perplexing problem of origin. *

Prate XI
GraNITE DIkE IN LiMestoNg, WEsT SipE oF BErRLIN MOUNTAIN
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PERIDOTITE AND PYROXENITE

There are two relatively small peridotite areasin the western
part of the township of Northfield. The larger of the two is
situated near the head-waters of Rocky .Brook on the eastern
slope of the Northfield-Waitsfield range and near the Captain
John Mosely camp. It is about 50 to 100 feet in width and some
500 feet in length. The strike is north 40 degrees east. The
borders of this dike are well serpentinized while the presence of
talc suggests an undifferentiated heterogeneous magma of peri-
dotite and pyroxenite.

Another smaller peridotite area is located near Little North-
field Brook about one mile south of the area previously men-
tioned. This outcrop is about 500 feet in length and some 15
feet in width. The true peridotites consist essentially of the
mineral olivine. The true pyroxenites of augite and other
pyroxenes.

A small outcrop of altered pyroxenite was found near the
Hutchins grove in the southwestern part of Northfield.

In the southern part of the township of Northfield, and not
more than one mile west of the Dog River valley the peridotite
belt again appears. It is several hundred feet in width and ex-
tends southward into Roxbury. It was not known to occupy
this position in Northfield at the time the accompanying map
was drawn and therefore it does not appear upon the map. Its
northerly extension from Roxbury into Northfield will be in-
dicated on the areal map of Roxbury. In this outcrop soft
verd antique marble exists and very pure talc is encountered.

The granites of Northfield are regarded as having been in-
troduced at the close of the Devonian. Their mineralogical
character, their microscopic structure and their quarry structure
give evidence that they have been subjected to severe crustal
movement. Such a movement accompanied by uplift occurred
at the close of the Carboniferous. Soon after the crystallization
of the granites they were traversed by dikes of pegmatite and
aplite. Some of the diabase dikes at least are younger than the
granites, for at Barre and on Robeson Mountain, Woodbury,
they cut the granite masses. They are regarded as having been
introduced as late as the Carboniferous and possibly some of
them as late as the Triassic,

ParLeonTOLOGY

The sericite schists, hydromica schists, black pyritiferous
mica schists and non-calcareous quartzites of the central and °
western portions of this area are continous in their northern
extension into Canada, where in some of these terranes, Upper
Cambrian fossils are obtained. In Vermont no fossil content
has as yet been found in these terranes on the eastern side of the
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Green Mountains. Their relative age is determined by continuity
lithological characteristics, and stratigraphical position. They are
unquestionably pre-Ordovician for they furnish pebbles for the
basal conglomerate at Irasburg and Northfield which lies at the
base of the Ordovician. In Irasburg and Albany where the
Irasburg conglomerate is best developed the pebbles are pre
Ordovican and the matrix is Ordovician limestone. In Northfield
the pebbles are pre-Ordovician and the matrix is Ordovician slate.
The frequent presence of a conglomerate in these Cambrian
terranes would suggest that the scricite schist and associated
quartzite were Upper Cambrian and the more western members
like the hydromica schist Lower Cambrian. The Middle Cam-
brian is not known to exist east of the Green Mountains in
Vermont.

Beds of graptolites have been discovered in Newport,
Coventry, Brownington, Irasburg, Albany, Craftsbury, Barton,
Glover, Greensboro, Hardwick, Woodbury, Calais, East Mont-
pelier, Montpelier, Barre, Berlin, Northfield, Williamstown,
Brookfield, Roxbury and Braintree. The numerous and wide-
spread distribution of these graptolites places the age of the
three phases of the Waits River limestones and their associated
beds of quartzose marbles, the Memphremagog slates and their
associated beds of phyvllite schist, as Ordovician

The characteristics of many of these graptolites have been
fully discussed in the earlier reports and need not be repeated
herec. Dr. Rudolf Ruedemann, State Paleontologist, Albany,
N. Y., in his letter of July 19, 1917, writes, ‘‘Specimen marked
number 1 is the best. It still shows in a certain light the char-
acteristic structure of a Phyllograptus angustifolius. This
indicates Deepkill shale (Beekmantown).” The peculiar sig-
nificance attached to this statement is in the fact that the speci-
men submitted containing the graptolites was obtained from a
a slate quarry on the south bank of a small brook about one mile
southeast of Northfield village. The material was from the
more quartzose layers within the slate. It thereby affords
positive evidence as to the age of the Memphremagog slates
in Northfield.

Dr. Ruedemann also writes concerning specimens marked
numbers 4 and 5, ‘“The branching graptolites are too much
distorted to be clearly recognized. Nor could I make anything
out of the nodules in the pyritiferous slate. As a matter of fact
fossils other than graptolites are extremely rare in graptolitic
shale. Occasionally minute brachiopods are found. There can
be hardly any doubt that these fossils are remains of graptolites
indicating very early Ordovician age.”

In the same letter Dr. Ruedemann writes regarding the
curved fossil. ‘I must admit that in outline it strongly suggests
a coral or Cyrtoceras. A coral would hardly occur in graptolitic
shales, and there is no species of that shape or size known in the
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early Ordovician. Nor would it be safe to refer it to the cephalo-
pods because it shows no trace of the septa or of any structure
whatsoever; nor have any such cephalopods been found in the
New York graptolitic shales.”

"~ As this specimen with many others not as well preserved
were found some five miles east of the beds of graptolites of very
carly Ordovician age and in limestone, containing graptolites
of middle Ordovician age, it is not impossible that the species
above referred to is a cephalopod. It does not necessarily
follow that if cephalopods are absent from the Lower Ordovician
mn eastern New York that they must be absent from the Middle
Ordovician of eastern Vermont. The specimen, however, is in
the State museurmn at Montpelier as specimen No. S02 of the
author’s collection.

During the last four summers more than 50 beds of grap-
tolitic limestone and slate have been discovered. Beds have
been found even in the marbles that are well calcitized whose
microscopic slides show all of the characteristics of calcite
cleavage. Many more beds of graptolitic limestones and slates
might have been located if all possible outcrops had been exam-
ined carefully for some graptolitic content. These fossils are
generally found by breaking up and splitting open a considerable
amount of the rock exposure. Even then it is difficult to secure
them well preserved. In a few instances their presence is well
marked upon the exposed surfaces.

In Northfield graptolitic beds occur on the southwestern
side of Berlin Mountain, on the western slope of Paine Mountain,
on Turkey Hill, in the Shaw Brook valley, in some of the aban-
doned slate quarries near Northfield, and along the Williamstown
west town line. Therefore, paleontological as well as lithological
and stratigraphical evidence places the age of these terranes as
Lower and Middle Ordovician.

Econowuics

The sericite schists and Cambrian quartzites of Northfield
are of little commercial significance. Slabs of this material find
a local use for culverts, bridges, guards, underpinning and
foundation work. It is also used somewhat in road construction.

The sericite schist in the ravine leading east from Calvary
Street was at one time manufactured into whetstones. These
stones had a very good grit and were free from objectionable
impurities. Microscopic slides of this material show an abun-
dance of fine grains of quartz with silvery muscovite (sericite).
Good whetstones could still be manufactured from this schist.

The Northfield slate is black in color and of fine texture. The
cleavage surfaces are smooth and lustrous. It is graphitic and
contains a little magnetite. According to T. Nelson Dale the
magnetic minerals are too numerous to make the slate best suited
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for electrical purposes. The sawn edges show minute lenses and
crystals of pyrite. The slate is very fissile and does not discolor.

Under the microscope the slate is seen to possess a matrix of
muscovite (sericite) and a very even texture. There are abun-
dant minute grains of quartz and crystals of pyrite and magnetite
whose axes are parallel to the grain. These iron minerals are
usudlly surrounded by a rim of secondary quartz and muscovite,
sometimes chlorite. There are a few lenses of interleaved musco-
vite and chlorite. Considerable dark, probably graphitic, matter
in extremely fine particles could be observed. Some calcium
carbonate was present together with minute prisms of rutile and
tourmaline.

According to Dale the chief constitutents of this slate
arranged in descending order of abundance appear to be musco-
vite (sericite), quartz, pyrite, graphite, magnetite, chlorite, cal-
cium carbonate, and accessory rutile and tourmaline.

Hammer tests made on different samples at the quarries indi-
cate that the slate is sufficiently strong to be nailed to roofs with-
out splitting. The absence of ribbons in the bedding and the
absence of horizontal joints crossing the cleavage renders it easy
to quarry large slabs for mill stock.

There are thirteen or more abandoned slate quarries in North-
field. They lie along the western slope of the ridge just east of
Northfield village and extend from a hill just northwest of Paine
Mountain southward to South Northfield. In the following
terse description they are numbered from north to south starting
with the northernmost quarry visited.

1. This quarry is at an altitude of 1100 feet. The strikeis
north 35 degrees east and the dip 80-85 degrees both east and
west. There is a sharp anticline near the center of the quarry.

2. This quarry is at an altitude of 1150 feet. The strike is
north 30 degrees east and the dip 88 degrees west. The anti-
clinal structure in the slate is pronounced. )

3. This quarry has an altitude of 925 feet. The quarry is
flooded by two small streams flowing into the pit. The strike
is north 30 degrees east and the dip is 80 degrees west. The
anticlinal structure was also observed

4. A small quarry near number 3.

5. A small quarry near number 3.

6. This quarry has an altitude of 1210 feet. The strike
is north 30 degrees east and the dip 75 degrees east.

7. This quarry has an altitude of 1010 feet. The strike is
north 40 degrees east and the dip 85 degrees west. The sharp

anticlines in this quarry are accompanied by faults and slicken-

sides. This quarry is the largest.

8. This quarry has an altitude of 1025 feet. The strike
is north 40 degrees east and the dip is 80 degrees west.

9. The altitude of this quarry is 975 feet. The strike is
north 40 degrees east and the dip is 85 degrees west.
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10. This quarry has an altitude of 990 feet. The strike
is north 40 degrees east and the dip 85 degrees west.

11. This quarry is known as the Dole-Brill quarry. It has
an altitude of 910 feet and is located on the left of the road from
Northfield to South Northfield. At the center of the quarry a
strike was recorded as north 40 degrees east while on the borders
of the quarry it was north 30 degrees east. The dip 1s 80 degrees
west. On one side of the quarry a small quartz vein showed a
faulting of over two feet. The 4 foot quartz vein at the south
end of the quarry has a strike of north 25 degrees west. The ex-
tensive equipment at the mill is fairly well sheltered and needs
but little repair to put it in good working order.

"12. This quarry has an altitude of 875 feet and is only a
few rods south of the Dole-Brill quarry.

13. The quarry of the Vermont Black Slate Company has
an altitude of 750 feet. The strike is north 35 degrees east and
the dip is 85 degrees west. This quarry has the most extensive
equipment of any quarry in Northfield. There are over 2000
pieces of slate in this mill ready for shipment or nearly ready.
It is unfortunate that so much valuable machinery is lying idle
and so many blocks and slabs of slate should have been left un-
marketed. Some of these blocks or slabs are 6 feet in length,
4 feet in width, and two inches in thickness. The slate is of
excellent quality. The slabs vary widely in their dimensions
signifying a wide variety of uses for which the slate was originally
intended.

The larger slate areas of Poultney and Castleton, Vermont,
and their closer proximity to a large market with the lessened
cost of transportation; the complex and expensive method of
quarrying the slate with the consequent large amount of waste;
together with the keen competition of the Pennsylvania slate, are
some of the factors that caused the abandonment of the slate
quarries in Northfield. However, with the close proximity of the
Central Vermont railroad, the unfading black color of the slate,
the fine quality of the slate, there is no known reason why these
quarries can not be reopened with good financial returns for the
money invested.

The limestones and quartzose marbles of Northfield have a
local use in the construction of culverts, bridges, foundations and
permanent roads. The limestones have good rift and grain and
can be easily worked into rectangular blocks. The quartzose
marbles are susceptible of a good polish and when freshly cut the
contrast between the polished and hammered surface is strong.
Beds of this quartzose marble can be found in the eastern part
of the township near the Williamstown town line and in the
valley of Mill Hill Brook.

As is common in nearly every township in this section of the
state the limestone has been burned for the manufacture of lime.
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The resulting lime was reported to be bluish white in color and
of very good quality.

The granite industry in Northfield is confined to the manu-
facture of granite from material not obtained in Northfield.
The stone worked is obtained mostly from Barre and in part
from Bethel. The Cross Brothers are the largest dealers.

The granite on the Moses King and Samuel Andrews farms
could be opened up and worked to a good advantage. Quite a
little stone has been quarried on the former place and a few
blocks split out for local use on the latter. Two miles from
Northfield village up the Cox Brook toward Moretown there are
thousands of granite boulders some of which have been worked
in the past for local use. Many of them are with good rift*and
grain and could be worked to a good advantage. This material
represents a granite area covered with boulders and glacial ma-
terial of no great depth or else it is a part of a terminal moraine.
If it is a moraine it is not known from what large granite area to
the northeast the boulders came. They did not come from
Barre and they are of different texture from the Robeson moun-
tain granite in Woodbury.

The sand and gravel beds of Northfield yield good material
for road and concrete work.

The streams of Northfield furnish good water powers. The
powers at Northfield Falls, Northfield and South Northfield are

utilized for woolen mills, saw mills, grist mills, manufacture of -

granite, and other industries. The power at Mill Hill Falls was
formerly utilized. The falls along Rocky Brook could well be
utilized for water power.

SUMMARY

The detailed study of the terranes of Northfield for this
report was begun in 1916 and finished in the summer of 1918.
The areal map is designed to show roughly the general distri-
bution of the different terranes. Without topographic maps in
a country as broken as Northfield this work is extremely difficult.
The map must be regarded as an approximation. The pro-
tracted section shows the general dip of the cleavage planes and
not necessarily the bedding planes because often the two do not
coincide with each other. The nearest approach to the two
planes coinciding with each other is found in some of the layers
of the shaly graptolitic limestone, where the graptolites are well
preserved. The erosional unconformity which was so pro-
nounced in Irasburg and Albany has been proven continuous
thru Northfield into Roxbury. The discovery of the slate
conglomerate in Northfield lying at the base of the Ordovician
series in Northfield is important. The siliceous limestones and
calcareous quartzites are more or less interstratified with the
slates and phyllites. The definition’ of the different terranes
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has been effected by the study of many microscopic slides. The
economic possibilities of these terranes have been carefully
considered. The discovery of fossils in the Northfield slate
quarries and in the limestones and quartzose marbles by which
an authentic stratigraphic position has been assigned to these
terranes is the most important feature of the entire work.



THE TERRANES OF ROXBURY, VERMONT

CrARLES H. RICHARDSON
Syracuse University

INTRODUCTION

The report upon The Terranes of Roxbury, Vermont, is of
necessity very brief. It must be considered only as one of pro-
gress in the solution of the intricate geological problems of the
-eastern half of the State. The author traversed this area in
reconnaissance work in 1895, and has visited the verd antique
marble quarries of Roxbury nearly every summer since that date
to watch their development and discover, if possible, new evi-
dences as to the nature of the intrusive which has been meta-
morphosed into marble, and the origin of the chlorite schists with
which the marble is associated. It was not, however, until the
summer of 1918 that detailed study could be given to the field.
The limited time available for field work has proven inadequate
for a complete study of all of the field relations. The township
is hilly, and much of it is densely wooded and difficult to work in
an east and west direction across the strike of the different
formations. Owing to war work which the author has been
called upon to do the preparation of microscopic slides has been
limited and chemical analyses have not been carried to com-
pletion from a quantitative standpoint, altho several qualitative
.analyses have been effected.

The area chosen lies just south of the geographic center of
the State, and about 18 miles southwest of Montpelier. Tt is
further situated in the southeastern corner of Washington
County.

There are three reasons for the selection of thisarea. (1) It
lies south 40 degrees west from the area covered in The Terranes
of Northfield, Vermont, which appears with this article in the
Biennial Report of the State Geologist for 1917-1918. (2) It
falls in the line of the erosional unconformity between the Upper
Cambrian and the Ordovician formations represented in the
eastern half of the State. (3) The large economic possibilities
of the verd antique marble of Roxbury, Vermont.

Some work was done this summer in Northfield on the
north, in Brookfield on the east, in Braintree and Granville on
the south, and in Warren on the west. The total number of rock
specimens collected in the eastern half of the State and placed
by the author in the State museum at Montpelier is eight hundred
and thirty-three. A large number of samples were collected for
microscopic slides for petrographic study, and many photographs
were taken in the field. Some of the results of the petrographic

120 .

<




A!" Ny

7 'g I hass

il
i

L
N
2

S
[

’

N

Scale 2000”7 = 17

Prarr XII
Grovrocicar AMar orF RoxXBURY

L
Dikes

f
T
v
Peridotite

Talc Mme'X\ E-2 P,raxgmt‘e

Limestone

Hydromica  Sericite Quartzite Slate Phyliite

Gneiss

I

4

Schist

Schist

s

Schist

REPORT OF THE VERMONT STATE GEOLOGIST 121

study which is incomplete for want of time will have to go over
for some subsequent report.

An areal map, showing the geographical distribution of the
terranes in Roxbury, accompanies this report as Plate XII.

A cross-section is drawn practically thru the center of the
township and at right angles to the strike of the different forma-
tions. This protracted section also accompanies this report.

The author recognizes herewith his great indebtedness to
Prof. E. C. Jacobs, University of Vermont, for his work on ““ The
Talc and Verd Antique Deposits of Vermont,” also his paper
on ‘“Talc, and the Talc Deposits of Vermont”: to Prof. Ed-
ward Wigglesworth, Harvard University, for his paper on ““The
Serpentines of Vermont,” and to T. Nelson Dale of the United
States Geological Survey for his paper on ‘“The Commercial
Marbles of Western Vermont.”’

DRAINAGE

The drainage of the northern half of Roxbury is to the north
and that of the southern half of the township is to the south.
The line of division of this north and south drainage for the main
valley is near the village of Roxbury, while towards the east the
height of land is farther to the south.

In the northern half of the township there are three small
streams that flow northward thru Northfield. The easternmost
one is Shaw Brook. The central stream is cataloged upon the
maps as Dog River which receives from the west, in Roxbury,
Ellis Brook. The westernmost one flows thru the valley occu-
pied by the Central Vermont railroad and is a tributary of the
Dog River in Northfield. It receives two tributaries from the
west which rise near the Roxbury west town line and one small
tributary from the east which rises near the crest of the central
north-south range of hills in the township.

In the western part of the southern half of the township the
main stream empties into or becomes the Third Branch of the
White River which empties into the Connecticut River at White
River Junction. It receives from the west two tributaries that
rise near the Roxbury west town line and one small tributary
from the east. The combined waters flow out of Roxbury into
the northeastern corner of Granville. The extreme southeastern
part of Roxbury is drained by small streams which flow into the
southwestern corner of Brookfield and empty into the Third
Branch of the White River.

Altho these streams are all small in Roxbury nevertheless
some good water powers are produced. Falls some 25 feet in
height exist on the brook that flows east from Warren Mountain.

The larger streams flow in their old Pre-Glacial valleys.’

The smaller transverse streams have cut out deep V-shaped

valleys in the morainal material down to the old, water-worn,
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pre-Glacial beds. In some instances they are out of the old
valleys for short distances and falls are the result.

The only railroad traversing Roxbury is the Central Vermont
which runs parallel with the major valley of the township.

ToPOGRAPHY

Roxbury lies between the parallels of 44 degrees 2 minutes
and 44 degrees 9 minutes north latitude, and longitude 72 degrees
38 minutes and 72 degrees 50 minutes west of Greenwich. )

The main valley is the one which the Central Vermont rail-
road traverses. It is a broad U-shaped valley and roughly
parallel with the three ridges which traverse this area in a
direction practically north 40 degrees east. The maximum
clevation of the bed of the valley is at Roxbury station at an
altitude of 1009 feet on the top of the railroad track in front
of the station. ) )

To the west of this valley the elevation rises gradually for
about two miles and then rapidly to the crest of the Roxbury-
Warren mountain. The town line is a few rods east of the crest
of this ridge. The altitude of the crest of the hill in the road is
approximately 2250 feet. This ridge is roughly parallel with the
Roxbury west town line It is densely wooded and altitudes of
the highest peaks were difficult to obtain. ) .

The second major valley lies east of the central ridge passing
in a direction of north 40 degrees east thru the township. It is
known as the Bull Run valley. The altitude of the terrace at
the home of R. C. Diemer at Bull Run Four Corners is 1100 feet.
The highest altitude between these two vallcys was approximate-
ly 2000 feet. The slopes are very precipitous on both sides of

i ntral ridge.
his '%ehe third glongitudinal valley is found at East Roxbury.
In its southern extension it passes into Brookfield where only a
part of the western side of the valley is in Roxbury. This would
hold especially trne near the village of West Brookfield. The
altitude at Fast Roxbury is approximately 1050 feet, and the
highest altitude between these two valleys was 1850 feet. The
lowest altitude recorded in the township was in the railroad
valley near the Granville town line. The barometer reading

here was 970 feet.

GLACIATION

Ths township of Roxbury is mantled with morainic material
to such an extent that the geologist is seriously hampered in the
study of the field relations of the different geological formations.
The forested area some five miles in width which stretches in a
southerly direction across the township to the east of the center
of the township, together with the densely wooded area on the

B o

REPORT OF THE VERMONT STATE GEOLOGIST 123

extreme western border, also impede geological progress in the
interpretation of true stratigraphic positions.

Evidences of glaciation and the general direction of the ice
movement are the striations still remaining on the more resistant
rocks of the region. The well exposed outcrops of nearly pure
white, secondary, vein quartz show striations upon their smoothed
and polished surfaces. The resistant phyllites, slates, sericite
schists, and Cambrian quartzites occasionally afford excellent
illustrations of glacial grooves.

Three different sets of striations were recorded. They were
south, southeast, and south 70 degrees east. A good locality
for observing two of these directions is on the crest of the ridge
just north of Roxbury-Warren road. The third set was here
nearly obliterated.

The general trend of the ice is well known to have been in
a southeasterly direction but there were many local variations.
A south 30 degrees west direction was recorded in Northfield,
and a south 20 degrees west in Roxbury.

Another evidence of glaciation is the boulder strewn fields,
pastures, and woodlots. Boulders of a conglomerate were dis-
covered in the wooded area along the four-mile wood road that
closely resemble the Coventry conglomerate, and the boulders
of the quartz conglomerate found in Northfield. These boulders
may have come from a local phase of a quartz conglomerate
whose true location is concealed in the densely wooded area.

About three miles west of Roxbury village and up the Warren
Brook there are several boulders of augen gneiss whose size
suggests that they came from the vicinity of the Northfield-
Waitsfield town line. Some of these boulders several feet in
diameter were found in Northfield. The presence of these
boulders of augen gneiss from five to ten feet in diameter sug-
gests the advisability of traversing this western ridge in North-
field and Roxbury to discover, if possible, the location of augen
gneiss in place in Vermont.

The presence of terraces flanking the longitudinal and trans-
verse streams is another evidence of glaciation. One of the best
terraces is found in the Bull Run valley.

One of the most interesting evidences of glaciation of Rox-
bury is found in a section of a terminal moraine which traverses
the main valley in an east and west direction about one mile
north of Roxbury railroad station. The lower limit of the ice
remained comparatively stationary for a time and caused the
waters of this valley to flow southward into the Third Branch
of the White River where formerly they flowed northward into
the Dog River which is a branch of the Winooski. A similar
moraine some thirty to forty feet high occurs in Warren which
caused the head waters of the Mad River to flow in a southerly
direction in to the Third Branch of the White River until the ice
receded from the Mad River valley.
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GEOLOGY

The geology of Roxbury is intricate and complex. The
terranes consist of a series of highly folded and faulted meta-
morphic rocks, dipping always at a high angle, and cut by in-
trusives mostly of a basic character. The sediments as well as
the intrusives differ widely in age, as well as in their mineral
composition. A careful study of their field relations has been
absolutely necessary to avoid the introduction of errors in their
interpretation. Many microscopic slides have been prepared
for study and still others are in the process of preparation. These
later slides will be too late for translation into this report.

In the western part of the area involved the stratigraphy
has been determined by apparent field relations and the study of
microscopic slides. In the eastern part of the area covered by
this report the stratigraphy is determined by the discovery of
new beds of graptolites this summer in both the slates and the
limestones. The graptolites are as abundant in the slates of Rox-
bury as they are in the limestones in Montpelier.

ALGONKIAN

It is not certain the Algonkian appears in place in Roxbury.
Possibly the westernmost terrane in Roxbury is Algonkian. It
would fall along the Roxbury-Warren mountain range. The
gneiss encountered in Northfield probably extends southward
into or thru Roxbury, but where the western town line was
reached on the Roxbury-Warren road the rocks were sericite and
hydromica schists. This area is either densely wooded, or
burned over and now covered with a dense growth of underbrush.
There are evidences in the number and size of the boulders that
Algonkian gneiss and perhaps highly metamorphic schists of
Algonkian age appear in the Roxbury-Warren mountain range.

CAMBRIAN

The term Cambrian as here used signifies a group of highly
metamorphosed sedimentary rocks which lie between the eastern
foothills of the Green Mountains and the erosional unconformity
that separates the pre-Ordovician from the Ordovician forma-
tions. These formations consist of pyritiferous mica schists,
hydromica schists, sericite schists, chlorite schists, and quart-
zites. The non-calcareous Cambrian quartzite is to be in no
way confused with the Ordovician calcareous quartzite in the
eastern part of the township.

These formations constitute by far the larger part of the
terranes of Roxbury. All of the verd antique marble of Roxbury
lies within these terranes. . :

At the close of the Cambrian a crustal movement accom-
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panied by uplift occurred which metamorphosed the sedimen-
taries derived from the erosion of Algonkian land masses into the
various schists already enumerated.

Hybromica ScHISTS

The hydromica schists lie on the east side of the Roxbury-
Warren range of mountains. They are markedly different from
the sericite schists that flank them on the east. The hydromica
schists are fine grained, greenish, micaceous rocks which are
more or less associated with chlorite. If the prevailing mica of
these schists was originally biotite it has been altered in many
instances to chlorite.

Brack PyYRITIFEROUS MIcA SCHIST

The black pyritiferous mica schist that traverses Northfield
as a narrow band does not appear to extend any considerable
distance into Roxbury. It does appear as a narrow belt in the
northwestern part of the township. Its narrowness together
with the large amount of glacial drift may explain why this
phase of the sericite schist was not observed further to the south.

The typical pyritiferous mica schist carries an abundance
of quartz, and a black to greenish black hydrated mica. In this
formation there are many crystals of pyrite. In the northern
part of the State these pyrites are sometimes an inch in diameter.
In Roxbury they are only a fraction of an inch in diameter.
Where the large pyrites are absent as in Middlesex the schist
becomes splintery.

SERICITE SCHIST

This terrane has been continuous from the international
boundary on the north southward for spproximately 100 miles
into Braintree and Granville. Thruout the entire distance it
flanks everywhere the Ordovician terranes on the west and
becomes the easternmost member of the Cambrian group. It is
the predominating formation in Roxbury as it is in Northfield.
It probably occupies a greater area in Roxbury than all other
formations combined. The sericites are interbedded with more
or less quartzite, and perhaps much of the material mapped in as
other formations of Cambrian age should have been mapped as
sericite.

The sericite schists present a light colored appearance on
their weathered surfaces. The schist is a fine grained rock con-
taining quartz and silvery muscovite (sericite) as essential
minerals, and garnet, magnetite, pyrite, and a plagioclase feldspar
in some slides, as secondary constituents.

Where the muscovite mica ({sericite) predominates the
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terrane is classified as a sericite schist.. Where the quartz grains
are in large excess over the mica it is cataloged as a quartzite.
In some instances the sericite schist becomes decidedly talcose as
in the southern part of Roxbury on the west side of the valley.
Samples here collected should be cataloged as talc schist. In
this same locality there is an abandoned talc mine.

The general strike of the sericite schists on the west side of
the Roxbury valley is north 30 degrees east. There are some
variations to a strike of north 40 degrees east. To the east of
the Roxbury valley the strike of north 40 degrees east seems to
prevail, but in the northeastern portion of the township a strike
of north 50 degrees east was recorded. A strike of north 10
degrees east was recorded in the southern part of Roxbury and
also in Granville.

The dip of these schists is always at a high angle and gen-
erally to the west. Dips from 80 to 85 degrees west are the most
common but many easterly dips were observed. By carefully
measuring a large number of dips across the valley at the village
of Roxbury three closely folded synclines were found in the valley.

One of the lowest dips recorded in the sericite schist was just
west of the village of Roxbury. Here the strike was north 30
degrees east and the dip 70 degrees west. This lower dip to the
west is shown in Plate XIII,

The planes of bedding in the sericite schist in an outerop
along the small stream just west of Roxbury village are at a high
angle to the east while the planes of foliation or cleavage in the
schist are at an angle of 70 degrees to the west. The planes of
bedding are brought out plainly when the surface of the exposed
rocks are wet, This difference between bedding and cleavage
is illustrated in figure 8.

QUARTZITE

The Cambrian quartzites have appeared in every township
southward from the international boundary thru which the ero-
sional unconformity between the Cambrian and Ordovician
terranes extends southward for approximately 100 miles. In
some instances these outcrops appear fairly uniform in width
while in others they are more or less lens shaped. The quartz-
ites are flanked both upon the east and the west by broad belts
of sericite schist. It occurs on the ridge to the west of the Bull
Run valley, in a belt to the west of the Roxbury, north-south road
on the hill east of the village. However, it is just as likely to
appear in the valleys as on the ridges. It occurs in the valleys
in Berlin and Northfield where erosion has been carried to its
lowest level in these townships.

In texture this quartzite is fine grained but it sometimes
carries well rounded quartz pebbles ‘of small dimensions, es-
pecially in the more northern part of the State. It consists of
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F1c. 8
DIFFERENCE BETWEEN PTANES oF BEDDING AND CLEAVAGE
IN SERICITE ScHIST, ROXBURY, VT.
TuE STRAIGHT, PARALLEL LINES REPRESENT CLEAVAGE

small, well rounded quartz grains and silvery muscovitc (sericite).
In some specimens biotite is present. It frequently carries a
small amount of magnetite and pyrite. Garnets have been ob-
served in this formation and small crystals of a plagioclase feld-
spar are occasionally present. The formation is generally
marked by a multiplicity of narrow veins of secondary quartz
traversing the outcrop at many different angles. A huge boulder
showing this characteristic can bz seen by the roadside some two
miles west of the village of Roxbury.

The general strike of the quartzites in the western part of
Roxbury is north 30 degrees east, in the central and eastern
portion north 40 degrees east, and a strike north 50 degrees east
was recorded in the northeastern part of the township.

The dip of the quartzites is usually from 80 to 85 degrees
west but local dips from 80 to 85 degrees east are not infrequent.

CHLORITE SCHISTS

If any of the chlorite schists of Roxbury, Northfield, or
Berlin are of sedimentary origin then these schists belong here.
If they are of igneous origin then the proper place for their dis-
cussion is under the caption of intrusives. Under this caption
evidence will be presented proving an igneous origin for many of
these outcrops.

The chlorite schists occasionally conform in strike and dip
with the enclosing sericite schists. Where this condition exists
over a considerable area it suggests the possibility of such chlor-
itic rocks being derived from highly altered sediments. A ferru-
ginous clay by metamorphism could yield iron-alumina silicates
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which could be subsequently altered into chlori
hornblende has been observed in these ﬁ%ﬁgﬁeﬁleﬁsﬁ(ﬁ'ﬁ%}é
ﬁ)lceksw (éitgrimb;e}cn e;g(z.h Biotite is not uncommon especially in

o .

the Western t% ot i ese townships. Both hornblende and

The chlorite schists have the mineral chlori
lated mineral of the chlorite group as their dete?'lgfizagi igrr?s?ci;ﬁ:
ent. More or less quartz is present. Magnetite and a plagio-
clase feldspar.have been observed in microscopic slides. These
rocks are decidedly schistose and in color some shade &)f reen
In a few samples of these chloritic rocks the quartz cont%nt is
gomparabl_e to the quartz grains in the associated sericite schists.
everal microscopic slides of new material from these schists are

in the process of preparation but th
e results of i
too late to embody in this report. " of that study will be

ORDOVICIAN

The term Ordovician as her
: T e used embraces a group of
11;°ne’carn01'phlc sed1ment§ that lie to the east of the Cgambii:n
ferranes already described. These two groups are separated
from. each other by an erosional unconformity. This uncon-
borrméy h{iS been followed southward from the international
Houn ary into Braintree, a distance of approximately 100 miles
ow much farther to the south it can be traced is a matter of
Egng:ctlgf.t f};om reconnaissance work of former years it is safe

N ;

bo s grd. 1s unconformity can be traced as far south as
The Ordovician terranes consist of a basal conglomerate

limestones i i i
wmest , marbles, calcareous quartzites, phyllite schlsts, and

IrASBURG CONGLOMERATE

The Irasburg conglomerate as it exists in Irasburg i i

) % ! is wantin
%n 1Roxbury, but its geological equivalent as discovereg(ri in N olf'th%r
ﬁeld last summer extends southward into Roxbury. In North-

eld and Roxbury the matrix is Ordovician slate and the pebbles
are all pre-Ordovician. It lies in the western limits of the slate
in contact with the sericite schists. Its strike is north 35 degrees
east and its dip 80 to 85 degrees west. Most of the area occupied

by this conglomerate is densel
S s conglome: y wooded and consequently the

Wairs RivEr LIMESTONE

The Waits River limestone d i

L I ¢ oes not cover as extensive an
arez:hln Roxbury as it does in N orthfield and in the townships
1:01: wafrd. therefrom. The formation in Roxbury includes a
series of limestones, quartzose marbles, and calcareous quartz.
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ites. In the areal map no attempt has been made to distin-
guish one phase of these calcareous rocks from another.

The Washington phase of this limestone is a dark gray
siliceous variety which in some instances yields a quatzose
marble susceptible of a good polish.  This marble weathers to a
rusty brown on long continued exposure to the atmosphere and
is best adapted for decorative interior work. This variety is
abundantly distributed on the eastern side of the eastern north-
south range of hills in Roxbury. These massive outcrops are
perhaps best exposed in the ravines extending in a westerly
direction from the east town line of Roxbury and to the north
of East Roxbury. Distance from the railroad would make the
marketing of this marble expensive However, some of these
beds may be cataloged as marble reserves.

The true Waits River phase of these Ordovician limestoncs
is light gray in color, banded, and siliceous. In these more
western townships it often becomes shaly. The shaly grap-
tolitic limestone of the eastern part of Roxbury belongs to this
variety. It is often interstratified with phyllite schists. This
phase of the limestone has been continuous from the interna-
tional boundary southward to Braintree, a distance of approxi-
mately 100 miles. No beds of this variety in Roxbury are
suitable for the manufacture of marble.

The Coventry phase of the Waits River limestone is very
dark gray and well filled with pyrite. The belt is generally very
narrow and lies near the slate. It is generally interstratified
with phyllite schists with which it is intimately associated.
However, a more easterly bed of this limestone than has been
heretofore observed occurs in Roxbury near East Roxbury
village.

Where the quartz grains predominate the rock is classified
as a calcareous quartzite which is in no way to be confused with
the Cambrian quartzite which is non-calcareous. The cssential
mincrals of the calcareous quartzite are well rounded quartz
grains and calcite showing in microscopic slides the characteristic
calcite cleavage. As earlier noted the essential minerals of the
Cambrian quartzite are quartz and muscovite (sericite). Scales
or small plates of ordinary muscovite and ‘biotite are secondary
minerals in the calcareous quartzite. Small pyrites have been
observed.

When the typical calcite cleavage prevails and the calcite
grains are in excess over the quartz the rock is classified as a
quartzose marble. Such a bed may be found about one mile
west of West Brookfield, but several beds of this type have been
found in the western part of Brookfield.

The general strike of these limestones is north 35 to 40 de-
grees east. A strike north 30 degrees east was recorded in the
northeastern cornerJof Roxbury. Also a strike north 50 degrees
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east. The variations in Roxbury are far less pronounced than
they are in Northfield and Berlin.
The dip of these limestones is at a high angle to the west.

MEMPHREMAGOG SLATES

The Memphremagog slates of Northfield are continuous
thru Roxbury into Braintree. The belt in Roxbury is much
narrower than it is in Northfield, especially in the southern part
of Roxbury. In general it traverses a densely wooded area and
good outcrops were somewhat difficult to find. In the eastern
part of Roxbury the slate has the characteristic fissility of the
slate in Northfield. This characteristic also holds true of the
slate in the northeastern part of Roxbury. These beds are well
suited for roofing purposes but their distance from the railroad
would reduce possible profits in the industry.

The Memphremagog slates in the more northerly portion
of the township occupy the crest of the easternmost north-south
ridge in Roxbury. In the more southerly portions of the town-
ship they are confined to the eastern slope of this ridge. The
slate begins about one-fourth mile east of Bull Run. It con-
tinues over the crest of the divide and down the eastern slope
for a considerable distance. In the southeastern part of the
township it does not reach within one-half mile the crest of Cram
Hill, and is entirely confined to the eastern side. Beds of this
slate in the brook on the east side of Cram Hill are filled with
graptolites. The general strike of these slates is north 35 to 40
degrees east and the dip from 80 to 85 degrees west. No easterly
dips were recorded in the slates in Roxbury.

PHYLLITE SCHISTS

In the northeastern part of Roxbury there are two belts of
phyllite schists which are roughly parallel with the strike of the
limestones and the slates. The phyllite schists are more resistant
to erosion than the limestones and marbles and therefore they
form the more prominent small ridges on the eastern slope of the
easternmost north-south ridge in Roxbury. In general these
schists are fine grained and consist of quartz with muscovite
and biotite. Small scales of ottrelite are often set transverse to
the planes of foliation. Magnetite, pyrite and garnet are not
uncommon. In some cases they are graphitic. The strike of
these schists is north 35 to 40 degrees east and the dip 80 to 85
degrees west. No easterly dip in these schists was recorded
altho practically a 90 degree dip was encountered in the eastern
part of the township.
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Acip INTRUSIVES
GRANITES

It is not definitely known that there are any granite outcrops
in Roxbury. There is evidence that such outcrops do exist to
the north of the four mile wood road in a densely wooded area.
The multiplicity of granite boulders strikingly suggests the pre-
sence of a granite stock not far from their present habitat.

APLITE DIKES

Small aplite dikes were found both north and south of the
four mile wood road in the wooded area. One of these dikes
crosses this abandoned road. Its width was about two feet,
and its strike was north 30 degrees east. The wooded area both
to the north and south of this road would be intensely interesting
to work out purely from a scientific standpoint.

Basic INTRUSIVES
DIABASE

Diabase dikes are not numerous in Roxbury. Where they
do occur they are generally much altered. To be sure that all
of these dikes are or were originally diabase would require a large
number of microscopic slides for petrographic study. That
they are dikes of some basic igneous rock there is no doubt.
They are often very compact, tough, greenish in color, and cross
the sedimentaries at many different angles.

About three miles southwest of Roxbury village there were
several of these dikes. The strike of one was north and south.
Of another north 10 degrees east. Of a third north 20 degrees
east. The strike of the sericite schist which these dikes cut is
north 30 degrees east. ]

Just above Lovers Lane a little to the west of the village of
Roxbury there is a dike 15 feet wide with a strike of north 12
degrees east while the sericite schist at this locality has a strike
of north 30 degrees east. The texture of this dike suggests a
diorite. It is considerably altered and somewhat schistose,
and until several microscopic slides can be studied its true
classification may remain unknown. Until further evidence is at
hand this dike is classified as a metadiorite. ]

A dike of apparent diabase cuts the talc deposit between
quarries No. 1 and No. 2 of the verd antique marble. The
strike of the talc lens is north 30 degrees east and this dike cuts
across the talc lens. This dike was introduced later than the
pyroxenite magma from which the talc has been derived. A far
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more pronounced outerop proving absolutely that diabase dikes
were introduced into the serpentine, or peridotite, belt in Ver-
mont at a later period than the peridotite is found in North
Troy where a diabase dike cut directly across an outcrop of talec.
This outcrop was photographed and an illustration appears as a
half-tone in Plate LIX, opposite page 280, in the Sixth Annual
Report of the State Geologist.

CHLORITE SCHIST

The chlorite schists of Roxbury have chlorite as the deter-
minant mineral. They vary from a decidedly schistose character
to fairly massive and tough. The individual chlorite scales are
sometimes too small to be seen by the eye, and sometimes they
occur in foliated aggregates. The schist is of a bright green color.
Its true color is better seen at a little distance from the outcrop
than it is in hand specimens. Near the center of the verd antique
ridge the rock is homogeneous and coarsely laminated. Both
towards the east and the west it is more or less interlaminated
with the sericite schist. -

The strike of these schists is sometimes and perhaps most
often north 30 degrees east but it varies from north 30 degrees

east to almost east and west. This east and west strike can be

found about one-half mile west of Roxbury station. The dip
is usually at a high angle to the west but a dip of 80 degrees to

the east was recorded in the northern part of Roxbury; also in

the southern part of Roxbury.

Each of the verd antique marble lenses so far as is known
is surrounded by chlorite schist. More or less tale is usually
found next to the chlorite wall and then between these walls lies
the massive verd antique marble. The east wall of quarry No, 1
becomes the west wall of quarry No. 2.

The variations in dip and the encircling character of the
chlorite schist can be seen in Plate XIV.

In ongm these schists are manifestly alteration products of
some basic igneous rock rich in its ferromagnesian minerals. Their
variation in strike from north 30 degrees east to practically east
and west substantiates this theory. The strike of the adjacent
sericite schist is north 30 degrees east. Quartz is generally if
not always present in chlorite schists derived thru the alteration

of sedimentary deposits, but many microscopic slides from these

chlorite schists have shown quartz sporadically present or entirely
wanting. The absence of uncombined silica in certain slides
suggests an igneous origin for this rock in its association with the
verd antique marble and talc deposits in Vermont. Many
samples were collected this summer for additional petrographic
study. The results of the study of slides now in the process of
preparation will be too late for this report, but as these chloritic
rocks are known to appear in the townships to the southward

Prare XIV

ScHIST AND SE RPENTINE

QUARRY OF VERMONT MARBLE
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which the author of this paper expects to work next summer the
evidence will be of much value at that time.

PERIDOTITE AND PYROXENITE

The peridotite and pyroxenite belt in Roxbury is three and
one-half miles in length and one and one-half miles in width.
In its northern extension it enters Northfield and its southern
limit is about one-half mile south of Roxbury railroad station.
The verd antique marble was discovered when the Central Ver-
mont railroad was constructed thru the Roxbury valley in a
railroad cut near the southern end of the outcrops. This belt is
reported to extend across the swamp and to appear on the ridge
to the east of the railroad. As none of these reported outcrops
have been opened for the manufacture of marble or the minin
of talc they were not visited. '

The peridotite magma is regarded as having been introduced
into the sericite schists and Cambrian quartzites at the close of
the Cambrian. In Vermont at least this belt- nowhere cuts
terranes of Ordovician age.

VERD ANTIQUE MARBLE

The verd antique marble of Roxbury has been so fully and
ably discussed by Prof. E. C. Jacobs, University of Vermont, in
his report on ““The Talc and Verd Antique Deposits of Vermont,”
and published in the Tenth Report of the State Geologist, pages
232-280, that the author of this report feels justified in the
omission of an extensive discussion of these marble deposits.

The name serpentine is applied not only to the mineral itself
but also to the rock masses consisting essentially of the mineral
serpentine

Ophicalcite is the name applied to the spotted green and
white varieties often appearing as crystalline marbles. It con-
sists of a mixture of serpentine with calcite or dolomite.

Ophimagnesite is the name applied to a rock containing
crystalline magnesite with disseminated serpentine.

The author of this report introduces into geological literature
the term ophidolomite. Ophidolomite is the name applied to a
rock containing crystalline dolomite with disseminated serpen-
tine. Samples may be secured in Roxbury that meet this defini-
tion perfectly. Here it is of igneous origin, but ophidolomite
like ophimagnesite might be of sedimentary origin. In keeping
with the idea involved in the term ophidolomite, ophicalcite
might be defined as a rock containing crystalline calcite with
disseminated serpentine. The three terms would be correlative.

There are 11 verd antique marble quarries in Roxbury
owned and operated by the Vermont Marble Company of Proctor,
Vermont.
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1. This quarry is situated about 80 rods south of the rail-
road station at Roxbury and a few rods west of the railroad track.
It was opened approximately in 1850 and has been in operation
much of the time since. Its east and west walls are chlorite.

2. This quarry is located a few rods south of No. 1. It
was opened in 1910 and operated for two years. Its east and
west walls are chlorite. The east wall of No. 1 is the west wall of
No. 2.

3. This quarry is situated three-fourths of a mile north-
west of the village of Roxbury on the farm of Hiram Ellis. It
was opened in 1913. Its east and west walls are supposed to be
chlorite.

4. This quarry is also located on the farm of Hiram Ellis.
It was opened in 1913. Its east and west walls are supposed to
be chlorite.

5. This quarry is located one-fourth of a mile west of the
village of Roxbury on the farm of James Tierney, just north of
the Warren road. It was opened in 1915. Its east and west
walls are chlorite but a bed of talc schist 20 feet in width separates
two beds of marble without being directly in contact with
chlorite.

6. This quarry is situated 1000 feet southwest of No. 1.
It was opened in 1913. - There is a small tunnel in the north end
of the quarry that quarrying in winter may be executed under
cover. There is a wall of talc on both sides of the marble, and
this talc is flanked by chlorite.

7. This quarry is known as the Scampini quarry. It is
situated two and one-half miles north of No. 1. It was opened
in 1914. It is a softer marble than that obtained from the other
quarries. The marble is full of bird’s eyes of talc that prevent
a high polish to the stone. The west wall is chlorite but the east
wall has never been encountered. Presumably it is chlorite.

8. This quarry is located 400 feet north of No. 6. 600 feet
southwest of No. 1. Directly west of No. 2. It was opened in
1914. Its east and west walls are chlorite.

§. This quarry is north of No. 8. It was opened in 1915
and abandoned.

10. This quarry is situated on the high bluff 1000 feet south
of No. 1 and 175 feet above the valley. It was opened in 1916.
Its east and west walls are chlorite.

11. This quarry is situated one-fourth mile west of the rail-
road station at Roxbury. It was opened in 1917. Its east and
west walls are chlorite. While it is the newest of the quarries it
has produced some excellent marble and will produce much
marble equal in beauty, if not superior, to any marble ever
produced in Roxbury.

About 100 rods west of railroad station there are within a
distance of 300 feet three separate beds of verd antique marble
and four beds of chlorite schist which shows how intimately the
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marble beds are associated with the chlorite. In this same
neighborhood the strike of the chlorite varies from north 20
degrees east to nearly east and west. This fact favors an igneous
origin for the chlorites.

In the petrographic examination of both the serpentine and
the verd antique marbles the primary minerals from which the
serpentine and the verd antique marbles were derived are
mainly wanting. Specimens showing olivine have been found.
Samples have been obtained in the southwest corner of quarry
No. 5 that are identical megascopically with samples obtained
from the serpentine belt in Belvidere and Lowell, Vermont.

The serpentine occurs as the leafy variety, antigorite,
associated with dolomite. In small samples the dolomite equals
or even exceeds the serpentine. The dolomite at times includes
both antigorite and magnetite. In some cases the magnetite
includes small crystals of dolomite. The dolomite is later in
formation than the serpentine. Some of the magnetite is earlier
than the antigorite and some of it is later. Actinolite, picrolite
and talc are common associates with the verd antique marble.
The fibrous variety of serpentine, known as chrysotile, is present
in some of the quarries.

The origin of the verd antique marble is from the alteration
of a peridotite magma to serpentine, or else it was derived from
the serpentine itself. The chrysotile fibers when present are set
transverse to the fracture planes in the serpentine and have
grown exogenously from a film of magnetite into the walls of the
serpentine. The picrolite occurs where shearing of the serpentine
has taken place. The talc occurs where the metamorphic pro-
cesses have attacked the pyroxenic minerals of the parent rock,
or else from the alterations of the serpentine. The absence of
pyroxenic minerals in the talc is noteworthy. Perhaps they
have been completely changed to tale. The verd antique marble
has been influenced by carbonate solutions. The grit which is
found in several of the talc mines in Vermont and which is a
mixture of talc and dolomite have been formed under the in-
fluence of carbonate solutions. It is certain that a great deal of
dolomite has come into the Roxbury serpentine from some source,
and that it came after the serpentinization of the original magma
and after the shearing which produced the chrysotile and the
picrolite.

Along the new road leading up to quarry No. 11 there is an
interesting mass of highly altered igneous rock whose original
minerals are as yet undetermined. It appears to consist of
smoky quartz and a ferriferous dolomite. It has been suggested
by some scientists who have seen the samples that it is a highly
altered calcareous sediment, but such a sedimentary deposit
would not occur within the peridotite-pyroxenite lens where this
outcrop is located. It will require several chemical analyses of
different portions of this outcrop, and numerous microscopic
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slides for petrographic study before the exact composition and
origin can be determined. The dolomitic content weathers
brown upon exposure to the atmosphere and may prove to be
breunnerite. The rock is called a metapyroxenite. It is re-
garded as a highly altered phase of the pyroxenite.

A transverse gravity fault traverses the verd antique marble
belt just south of the high bluff on which quarry No. 10 is located,
and another fault more or less parallel with this appears to the
north of quarry No. 1.

In the southern part of the township of Roxbury, and on the
west side of the Roxbury valley there is an abandoned talc mine.
A considerable amount of gritty talc has been removed from this
mine which is now nearly filled with water. It is flanked by the
black walls containing chlorite like the other talc mines in the
neighborhood. This deposit contains numerous crystals of
breunnerite. Its origin appears to be from the alteration of
pyroxenite.

The Eastern Talc Company owns and operates a talc mine-

at East Granville which is about one mile south of the abandoned
mine in Roxbury. This mine, however, is located on the east side
of the Roxbury valley on a chain of talc lenses that vary from 50
to 400 feet in length and from 15 to 50 feet in width. The mine
is operated thru two adits and the talc is conveyed to the mill by
an aerial tramway. The mill is situated by the side of the Cen-
tral Vermont railroad. This mine has been quite extensively
developed and is producing good talc which it can continue to do
for many years.

UsES OF SERPENTINE AND TALC

Serpentine has been used in many instances in the place of
marble for structural purposes. The dressed stone does not
weather uniformly and the white and yellowish white veins lose
their luster and crumble. The entire face of a building may
therefore become as unsightly as it once was beautiful. Its
resistance to compression is too low for the more massive forms
of architecture. It can be used to a good advantage in columns
where only a moderate pressure is demanded. It has been used
from time immemorial for monumental work in France and
Italy. Inlater years it has been used somewhat for that purpose
in America. It is sufficiently soft to be turned and polished on a
lathe. Its beautiful colors when polished have made it a favorite
with all civilized nations for decorative interior work and for
small articles of ornamentation.

Ornamental fronts, pulpits, small shafts, pillars, pilasters,
vases, tazzas, choir steps, ambulatories and inlaid work utilize
serpentine. The finely fibrous variety known as chrysotile is
now being manufactured into fireproof lumber which can be
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planed, sawed and finished like ordinary lumber, and yet possesses
all the advantage of fireproof material.

While massive talc which is known as steatite occurs in
Roxbury it is not apparently in commercial quantity. Steatite
is most admirably adapted for table tops, sinks, stationary wash-
tubs, refrigerators, fireplaces, furnaces, stoves, mantels, fire
brick, hearthstones, warmers, grills, and griddles. The waste
material when free from grit can be pulverized and used as a
lubricant or a white earth. Large quantities of talc are consumed
annually in the manufacture of soap. It increases the weight of
the soap but not its power of solution. It is used extensively as
a filler in the manufacture of paper by the sulphite process.
Here also it needs to be free from grit. It is also used in the
dressings for fine skins and leather. Shoe and glove dealers
consume annually an appreciable amount of this commodity.
The base of many toilet powders is talc. This is often mixed
with borax. Talc has been used as the body of paint and in the
manufacture of plaster. It has been used also in the sizing of
cotton cloths. It is used in the manufacture of rubber goods,
composition flooring, foundry facings, as a lubricant, and in the
ceramic arts. As a foundry facing it has proved a very satis-
factory substitute for graphite. As a lubricant deflocculated
talc has proven equally serviceable with deflocculated graphite.
Other uses for talc are for crayons, pencils, French chalk, gro-
tesque images, and tips for gas burners. This last use illus-
trates the ease with which talc may be manufactured into small
objects of considerable commercial value.

PALEONTOLOGY

The sericite schists, hydromica schists, and non-calcareous
quartzites of the central and western portion of this area have
been continuous in their northern extension into Canada, where,
in the sericite schists and associated quartzites Upper Cambrian
fossils have been obtained. In Vermont no fossil content has as
yet been found in these terranes on the eastern side of the Green
Mountains. Their relative age has been determined by con-
tinuity, lithological characteristics, and stratigraphical position.
They are unquestionably pre-Ordovician for they furnish pebbles
for the basal conglomerate in Irasburg, Albany, and Northfield,
which lies at the base of the Ordovician series in eastern Vermont.
The frequent occurrence of a conglomerate in these Cambrian
terranes would suggest that the sericite schists and their asso-
ciated quartzites were Upper Cambrian and the hydromica
schists which flank these members on the west were Lower Cam-
brian. But little attention has been given to this westernmost
member for it generally occurs in a densely wooded area and at
high altitudes along the crest of the lower mountain ridges. It
can be considered Lower Cambrian only tentatively.
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No definite name has been applied hitherto to the sericite
schists save describing them as sericite schists and quartz-sericite
schists. The author of this paper proposes the name of Missis-
quoi schists for this terrane. It is the prevailing schist in the
Missisquoi River valley in the northern part of the State from
whence the name is derived. It is the schist which is associated
with the two parallel serpentine beds which occur to the north
of Belvidere Mountain. In fact it is the schist in which most if
not all of the serpentine and talc beds occur on the eastern side
of the Green Mountains. The term is not pre-occupied. The
Cambrian quartzite is only a sericite schist in which there is a
great preponderance of quartz grains over the scaly or fibrous
muscovite (sericite) and therefore it belongs with the Missisquoi
schists.

The discovery of many new beds of graptolites this summer
in Roxbury, Brookfield and Braintree is significant. They have
been discovered now in more than 20 townships along the line of
the erosional unconformity for a distance of approximately 100
- miles and in a breadth of nearly 10 miles. Their discovery this
summer in the slates on the east side of Cram Hill in a densely
wooded arca in Roxbury proves the southern extension of the
Memphremagog slates as early Ordovician. Graptolites were
not found in the interstratified phyvllite schists but they were
found in both the Waits River and the Washington phasc of the
Waits River limestones and quartzose marbles, which still leave
these calcareous formations as Ordovician. Numerous beds of
these graptolites may be found in the shaly limestones near the
west town line in Brookfield, and in the slates on the east side of
the easternmost north-south ridge in Roxbury. They are also
abundant in the limestones which flank these slates on the east
in Roxbury. It is intercsting to note that they arc as numerous
in the slates in Roxbury as they are in the slates in Woodbury
some 50 miles to the north of Roxbury.

Eco~owmics

The Missisquoi schists in Roxbury are of little commercial
value. Slabs of this material find a local use for culverts,
bridges, guards, underpinning and foundation work. It is also
used somewhat in road construction. In the southern part of
Roxbury the sericite schist appears suitable for flagging purposes.

The more quartzose phase, styled the Cambrian quartzite,
has a fine grit, does not gum, and could be easily manufactured
into whetstones of a good grade. Such an outcrop can be found
on the north of the road ieading from the village of Roxbury over
Roxbury Mountain to Bull Run and to the west of the north-
south road near the crest of the divide.

There are beds of slate in the Memphremagog slates in
Roxbury that are quite fissile so that they can be easily split into
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slates for roofing purposes. These deposits are located in the
northern and eastern part of the township.

The limestones and the quartzose marbles of Roxbury may
have a local use in the construction of culverts, bridges, founda-
tions and permanent roads. The limestones in places have a good
rift and grain and can be easily worked into rectangular blocks.
The quartzose marbles are susceptible of a good polish and
when freshly cut the contrast between the polished and ham-
mered surfaces would be strong. Beds of this marble can be
found to the west of West Brookfield and east of Cram Hill.

By far the most important economic product in Roxbury is
the verd antique marble where there are 11 used or unused
marble quarries owned and operated by the Vermont Marble
Company of Proctor, Vermont. While this marble is quarried
in Roxbury there is no mill in Roxbury for the manufacture of
the marble into its numerous commercial forms. The blocks
are all shipped elsewhere for this purpose. Explosives are not
used in the quarrying of the marble. The vertical cutting is
done by channelling machines and the under cutting by gadding
machines. The work of the channelling machine is shown in
Plate XV. The blocks weighing from 15 to 30 tons each are

‘raised from the floor of the quarry and loaded by derricks.

According to Mr. J. B. Kidder, Superintendent of the Ver-
mont Marble Company’s plant at Roxbury, only about 30 men
are now employed at the quarries while before the outbreak of
the war the number was approximately 100 men.

SUMMARY

The areal map is designed to show roughly the general dis-
tribution of the different terranes in Roxbury. Without topo-
graphic maps in a country as rugged, broken, and densely
wooded as Roxbury accurate mapping would be extremely
difficult. The map must be regarded as an approximation.

The protracted section shows the general dip of the cleavage
planes which does not always coincide with the bedding planes.
In fact a wide difference in these planes can be seen just west of
the northern end of Lovers Lane a little to the west of the village
of Roxbury. The nearest approach to these two planes coin-
ciding with each other is found in the graptolitic limestones and
slates in the eastern part of the township.

The erosional unconformity which was so pronounced in
Irasburg, Albany, and Northfield has been proven to extend
southward thru Roxbury into Braintree. The definition of the
different terranes has been effected by the study of microscopic
slides. The origin of the verd antique marble has been carefully
studied together with its mineral composition. Some of the
chlorite schists or chloritic dikes at least have been proven of
igneous origin. The discovery of several new beds of graptolites
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in the slates and limestones thereby proving the stratigraphical
position of these terranes by fossil content is important. Several
problems remain unsolved for lack of time to complete the work
before this Report must go to press.

.

PROGRESS IN COPPER MINING AND
MILLING

E. C. Jacoms
UNIVERSITY OF VERMONT

In the last report, under the caption Copper Mining in
Vermont, the writer showed that there had been a revival of
copper mining in the State. He gave a brief account of the
geological formations at the three old centers of the copper in-
dustry, South Strafford, Vershire, and Corinth, and an historical
sketch of their mining and metallurgical activities.

The ore was shown to consist of chalcopyrite (CuFeS,)
disseminated in pyrrhotite (Fe.S,) and carrying a very small
amount of silver. The minerals were seen to occur in great
lenses or pods, lying concordantly with the foliations of the
country schists and striking generally north and south.

It was seen that, at South Strafford, the Vermont Copper
Co. was experimenting to determine the practicability of smelting
its ores pyritically; while at Corinth, the Pike Hill Mines Co.
was investigating the Wood system of flotation as a means of
separating the valuable chalcopyrite from the worthless pyrrho-
tite.

At South Strafford it was found that, while probably
practicable, pyritic smelting would be attended with many
difficulties. The mine was remote from the coke producing
districts, fluxing material would have to be brought from the
west side of the State and would carry no mineral values with
which to help defray haulage costs, while the deleterious effect
of smelter fumes on the vegetation would always subject the
company to suits for damages by neighboring farmers.

At Corinth the Pike Hill Co. found that the Wood system of
flotation was not reliable enough (was too much ‘“hit or miss”)
in its working to justify its installation on a large scale.

THE PRESENT SITUATION

THE VERMONT COPPER CO. OF DELAWARE

President, August Heckscher.
Mining Engineer and Gen'l Manager, N O. Lawton.
Mine and mill at South Strafford, Vermont.

MINING

As the last Report showed, the ore body here consists of one
or more great lenses of chalcopyrite disseminated in pyrrhotite.
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These lenses strike north 20 degrees east, dip about 60 degrees
easterly, and pitch 12 to 14 degrees downward to the north. The
southern workings, which outcrop on the surface, have been
practically exhausted, but the northern workings, which plunge
deeply below the surface, are now being mined.

The ore bodies are reached by an adit, driven westward
from the surface, at the mill, 1350 feet into the hill in which the
ore bodies lie. The northern gre body is cut by the adit level,
driven on the strike of the deposit for its entire length (about a
thousand feet) and by an inclined shaft 810 ft. long, having a
slope of 20 to 27 degrees. From this incline, levels have been
driven at 96 feet, 227 feet, and 311 feet, respectively, below the
adit level. The lower end of the lens is some 600 feet below the
surface, at the mill, but only 30 feet above the Pompanoosuc
River. The ore is mined mostly by underhand stoping. The
ore body varies from 12 feet to 100 feet in thickness. Tramming
and lighting are done by electricity, hydro-electric power being
furnished by the Sharon Power Co.

Conservative estimates show 540,000 tons of mineral ‘‘in
sight,” while exploratory drilling is being carried on to locate
other possible lenses.

Labor shortage, accentuated by the war, is greatly handi-
capping mining operations.

MiLrinG

The flotation mill, designed by the General Engineering Co.,
of New York and Salt Lake City, was erected in the summer of
1917 and was ready for work in the following October. The mill
has a capacity of 100 tons per 24 hours and is producing con-
centrates running from 16 to 25%, in copper. Coal tar creosote,
coal tar, and pine oil are the flotation agents.

Frow SHEET

The ore is brought from the mine, through the adit, by elec-
tric tramcars to the crude ore bin. It is then crushed by a
Blake jawcrusher and a Telsmith gyratory crusher to about one
inch cubes and passes to the crude ore bin. The ore is next
elevated to a Hardinge ball mill (6 ft. by 22”") which crushes it
to a variable sized product. This product is then separated into
“sands” and “‘slimes” by a Dorr classifier, the former passing
back to the ball mill for further grinding, while the latter goes to
the Callow flotation cells. The proper amount of oil for the
flotation is fed into the ball mill and so becomes thoroughly
mixed with the slimes by the time they reach the Callow cells.
There are two units of these cells, each unit comprising two cells
placed in tandem. The slime passes across the first cell and is
divided into “heads” and “tails.” The tails are then air lifted
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and pass across the second cell, also forming heads and tails.
The second tails are then rejected while the heads pass to a
‘““cleaner cell,” arranged with a return flow. The first tails go
back to the “rougher cells” while the clean heads go either to
thickening tanks, where the excess of water is decanted off, or
else directly to an Oliver filter, in which the water is removed by a
rotating vacuum cylinder and the dried product (chalcopyrite,
containing 16 to 259, copper and 1% oz. of silver) is stored in
bins. This product is hauled by motor trucks to Sharon and
shipped to the American Smelting and Refining Co. at Perth
Amboy, N. J.

The plant is operated by electricity, is compact, easy to
operate, and is giving excellent satisfaction. It is run on the
““three shift” plan, with five men to a shift.

ProbucTiON

The new mill was in operation, although not continuously,
during the last three months of 1917, during which time 1,035,-
960 1bs. of concentrates were recovered.

For the first six months of 1918, 1,980,320 lbs. of concen-
%a‘;esqwere produced, which contained 312,678 Ibs. of copper, or

.789%.

It is estimated that the cost of producing the copper will

vary from 12¢ to 18c per pound.

VERSHIRE

In the prosperous days of the Ely Mine the ore was brought
to the surface and hand picked (cobbed), the rich material going
to the roasting beds and the poor to the dumps. The richest
ore contained about 209, of copper, the average ore roasted car-
ried about 169, while the discarded material probably averaged
126% copper. It is estimated that there are 300,000 tons of
available ore on these dumps. This material has awaited the
application of a cheap method of extraction, which has now been
apparently found in the oil flotation process.

The old Ely Mine, dumps, and rights (all machinery, houses
and other movable property were sold and removed after Mr.
George Westinghouse’s unfortunate experience of 1900-1901),
were acquired by the Ely-Copperfield Associates of New York.

Mr. Hogge, President.

Mr. H. W. Bennett, of New York City, principal owner.

Mr. K. A. Schleifer, resident superintendent.

Mr. A. P. Watt, New York City, consulting engineer.

The purpose of the company is to recover the copper from
the dumps, and later, perhaps, to rehabilitate the mine, in the
lower workings of which much ore is said still to exist.
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The flotation plant was erected just below the largest dump
in 1917-18 and milling operations began in April 1918.

Frow SHEET

Dump.

\!

tramcars
4
crusher (30" x 127)
storage bins (400 tons)

\’
Hardinge Ball Mill (8" x 30”)
(capacity 250 T. per 24 hours, crushes to 65#)

4
Dorr Classifier (5’6" x 18%)
sands slimes
v .
back to Hardinge Mill elevated by Frenier pump
for regrinding
Mineral Separation Co-12 Compartment

Flotation Cell
(250 T. capacity per 24 hours)

I
heads middlings tails
J
Dorr Thickener to head cells waste

Oliver Continuous Filter
¢ x4) |

Chalcopyrite concentrates

shipped

The cells use a mixture of 509 pine oil and 509 coal tar, of
which 114 1bs. per ton of concentrates are used.

The mill is designed to treat 200 tons of ore per 24 hours and
is extracting 90 to 959 of the copper and silver valucs. The
raw ore carries about 1%69; copper. The concentrates carry
from 15 to 239 copper, while the tailings run from .17 to .25%
copper. The concentrates also contain slightly less than 1 oz.
of silver per ton and 5 to 69 of moisture.

The concentrates are hauled nine miles to Ely Station,
Passumpsic Division of the Boston and Maine Railroad, at a cost
of $2.00 per ton, and shipped to the Norfolk Smelting Co
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The plant is at present operated by steam power, but plans
are on foot to develop a hydro-electric plant on the Ompom-
panoosuc River. Such a plant should result in large economies
as well as in continuity of operation.

. The company employs about forty men but finds much
dlfﬁcul‘gy in maintaining this force.
It is estimated that thfee years will be required for rework-
ing the dumps.

PropucTIiON

The Company reports that it began production in April,
1918.  Concentrates recovered up to July 1, 1918, amounted to
437 tons, which averaged 16.1%, copper. The average per cent
of running time was §1.

THE PIKE HILL MINES CO.

President, John H. Allen.
Mining Engineer and Manager, Harry G. Hunter.
Mine and Mill at Corinth, Vermont.

~ This company was incorporated in 1905 and has been work-
ing the old Cuprum and Eureka Lodes intermittently.

These old ore bodies have been developed and at least 90,000
tons of ore are known to be available for milling. Besides this,
there are some 45,000 tons of low grade ore on the dumps, which
will average 1349 copper. The company estimates that it
will take at least five years to mine and mill the ore ““in sight,”
while of course further development may reveal other ore bodies.

The Wood Water Flotation Process having been abandoned,
the company undertook experimentation in oil flotation in the
summer of 1916. The proper method of treatment having been
determined, building operations on the new mill were begun in
April, 1917, and completed in the following September, when
production of concentrates began.

‘The mill differs somewhat in its design from the other copper
concentrators above described. Its flow sheet is as follows:

Mined ore or ore from dumps

rough ore bin (SI§00 T. capacity)

Sturtevant cru:her (9" x 15"

belt elevator to crushed ore bin (100 T. capacity)

y
Hardinge Ball Mill (6’ x 22'")
(crushes to 60# )
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2 Richards—2 Pocket Hydraulic Classifiers

J
spigot product overflow product
Mineral Separation Co.—10 Compartment
Flotation Cell
Hardinge Mill J
for regrinding
heads

Frenier pump

middlings tails

J J

returned to waste
head cells

settling tank

Oliver ¢’ filter

N

concentrates

shipped

The flotation cell is being run with pine oil alone, .18 1b per
ton of ore being used. The oil is introduced at the head cell.
The flotation cell has been somewhat modified in some of its
details and is giving excellent results. The mill is designed
to treat 100 tons of ore per 24 hours. The orc will average 2149,
copper, while the maximum content is 334%. About 909 of the
values is being recovered.  The concentrates average 18 to 20%
copper, while the richest have shown 24.28¢, . The concen-
trates also carry 114 oz. of silver per ton and a trace of gold.
The insoluble matter in the concentrates amounts to 5 or 6%
and the moisture is also 5 or 69,  The mill runs very smoothly
and requires the services of only one man per shift below the
crusher floor.

The concentrates are hauled to Bradford, 14 miles away,
at a cost of $3.50 per ton, and shipped to the Nicols Copper Co.,
at Laurel Hill, N. Y.

Electric power for both mince and mill is obtained - from
Groton, 15 miles away, being furnished by the Fastern Vermont
Public Utilitics Corporation. It is transmitted at 13,200 volts
to the mince where it is stepped down to 44) volts.

About forty men arc employed in minc and mill and labor
shortage is painfully felt.

The total cost of producing a pound of refined copper is at
present probably 21 cents.

PRODUCTION
The Company’s production in.1916 was 281,271 pounds of

copper and 1,675 ounces of silver, this being obtained with the
old magnetic scparator plant and in experimenting with flotation.

ey
i
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In 1917, 51,090 pounds of copper and 216 ounces of silver
were recovered. '
The production for the first half of 1918 was 185,206 pounds
of co’?ﬁer and 776 ounces of silver.
e maximum production was attained in August, 1918
when 412,111 pounds of concentrates were recovered, which
contained 69,810 pounds of copper.

Oruer CopPER DEPOSITS

_On the Gove farm, just northwest of Strafford Upper
Village, there is a copper deposit, called the Orange Mine, on
which some work has been done intermittently during the ’1ast
25 years. There is said to be an inclined shaft, 107 feet long
and several pits dug along the strike of the lode. The propert};
is owned by Messrs. Reynolds and Fraser.

Near the Orange deposit is the old Green Mountain Mine
from which ore was shipped, years ago, to the smelter at Vcrshirei

About a mile northwest of the Orange Mine there is said to
be a promising deposit of copper on the Walker property. About
70 feet of development work has been done here.



PRO.GRESS IN TALC PRODUCTION

E. C. Jacoss
UNIVERSITY OF VERMONT

. . 7
rmont became the first state in talc production in 1917,

withzeh output of 914,000 tons, passing New York, which had
i first place.
hlthe’?}i)e ht()alll(lik of \germont’s tale is of low grade and fcaém(;‘i
compete with the agalite of New York, the bes_t prodt(:icts:. o} f& -
gia, North Carolina and California, or the h1gh grade d1nf1po ted
ma’terial; but there is a constantly increasing der?anh or e
low grade mineral for use in the paper,_rubber, b }elzgc .ery;3 aS nd
other industries. In the paper pulp industry this 1n01:C iion
demand has been due very largely to the decrease’d impor ; n
of English kaolin (China clay)—in fact Vermonths glcregasé n
1917, of 20,600 tons, fo;rgrg&gi(i, 1aygetl}3lre(;i;f§§(‘§spzr§)d ecr

in i rtations, o , ons, in .
ka()llgol;n g(;)me grades of stock, as roofing papers, foundry f‘;c(i
ings, etc., of course the color of the talc is o‘f‘ no 1mporﬁa’r7we }?ose
this permits the grinding of a good gle;al 935 _b};ack ;vg b i“t;)vilit
magnesian content gives it the requisite “‘slip” and 1infus 1 s}(;.

The labor situation has been acute and is growing I'IIOI;; h sé
That Vermont has been able to increase her output 1nt Zn-
trying times is remarkable and spegks .we'll for the eff}1101.en Iiﬁin
agement displayed by the companies 1n improving t egr én thge
arrangements. Talc production has been Tecognize . Zm i
Federal Government ai an b“ess¢fant1g;h:3131dustry an p

ion facilities have been furni -
transé)gits?ctlerably higher prices have been obtained for talfc ggogg
ucts during the war, the present average for the State fo 19.17.
per short ton being some 18% higher than the average for osté
but this increase has by no m%ans keptt p(zilce with increasing ¢
ill higher prices must be expected. )
and ?chlln‘c}}lleglist gf talc producing companies there is onte geyv
comer, the Vermont Talc Products Company, 1ncorp01£a “(; tlsri
July 1918, which plans to work the deposit in the towns of Wai
n, and Moretown.

ﬁeld,SE\?;icloimportant deposits of talc have been prospected ar;ci
opened up since the last report, and the known reserves a

probably larger now than ever before.

THE PRODUCING COMPANIES

. JouNSON
i i i i ord for
The American Mineral Company is making a new rec {
production and is planning important improvements to 1its

i t.
equipmen 148
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South of its old deposit, near the mill, there has been dis-
covered a new talc lens which will, it is hoped, add materially
to the mineral reserves of the company. This lens is sdme 200
;CO 300 feet from the old mine and will be opened by a tunnel
rom it.

On the large deposit at East Johnson the old shaft on the
cast wall of the deposits has been sunk to the third level, 120
feet from the surface. Cross cutting has been carried 200 feet
westward and is still in good grit. A new shaft is being sunk
in the middle of the deposit, dipping seventy degrees easterly,
and has reached a depth of 100 feet. It is to be equipped with
electrical hoisting machinery, the power to come from the
Morrisville plant. The East Johnson deposit is an enormous
one .and should furnish ample supplies of tale for many years to
come. The deposit is three and one half miles from the mill, in
an “air line,” and the company is planning to install an aerial
tramway which will greatly increase the mill production while
decreasing transportation costs. This tramway will probably
be built by The American Steel and Wire Company and it is
estimated that haulage costs can be reduced from $1.10 per short
ton (the present price) to forty cents. Meantime Garford two-
ton trucks are being used.

The American Mineral Company has been reorganized and
now provides for $100,000, seven percent cumulative preferred

stock (par value $100) and $60,000 common stock. The com-
pany owns 368 acres of mining lands and has mining rights on
369 acres more. It finds an extensive market for its products
soap, all over the country, the talc being used for talcum powder,
wire insulation, and as a filler for paper, cotton cloth, window
shades, leather and paint. The coarser grades are in demand
for roofing paper, rubber goods, composition flooring, grease,
plaster, insect powder, foundry facings, etc. The sales of the
company have increased from $23,608, in 1912, to $90,351, in
1917, while current demands cannot be met with present equip-
ment. The company therefore proposes, with the increased
capitalization, to install the tramway above referred to, to in-
crease the mill buildings and machinery, and to provide sufficient
capital for growing needs. It is proposed to build the new mill
in sixty ton units, the first unit to be constructed as soon as
possible. This will give a total daily production of 100 tons,
while additional units will provide for growing needs. The
company has paid dividends since 1917.

MorETOWN

The Magnesia Talc Company is the second largest talc
producing corporation in the State and, like its competitors, is
enjoying a period of great growth and prosperity. Its products
are in demand for paper and rubber filling and in bleacheries,



150 REPORT OF THE VERMONT STATE GEOLOGIST

roller mills, ete. Fifty to seventy-five per cent of its present
output is needed for filling war contracts.

The company is continuing mining operations on its large
deposits just south of the mill and has now extended its adits
over 1,900 feet into the talc lens. Five ‘‘raises” have been
driven from the lower adit and 22 ““stopes” are being worked.
Mining operations have shown the deposit to consist of one
enormous lens of mineral, widening in some places and pinching
in others. The maximum width of the lens is probably sixty to
eighty feet, while the average width is forty feet. There are talc
outcrops on the hill 1,500 feet south of the present workings, so
that ample reserves of mineral are assured.

The company has acquired this year a large new talc deposit
in Waterbury Center, on the lands of Frank C. Hayes and John
H. Parker. Like the Moretown deposits, the talc here has been
derived from serpentine, as it forms a part of a great ridge of
that mineral over 1000 feet long and probably 250 feet wide at
the surface. This ridge lies 400 feet east of and parallel to the
road from Waterbury Center to Stowe Hollow and has a strike
of N. 25 degrees E. (magnetic). The serpentine is ash colored
and much fissured. A twenty-five foot prospect pit on the east
side of the ridge has disclosed a good grade of talc and grit, and
there seems every reason for believing that an enormous deposit
of tale here awaits development. The topography is such that
the deposit can be advantageously opened by adits, while prox-
imity to the Stowe Electric Railway suggests an efficient and
economical means of transportation to Waterbury.

The Company’s mill at Moretown has been rearranged dur-
ing the last few months, and this has resulted in increased ease
of handling the mineral and in much labor saving.

P AvSTON— MORETOWN—W AITSFIELD

The tale deposit here, which has been worked at various
times by the Vermont Talc and Asbestos Company, The In-
ternational Mineral Company, and The American Quarries
Company, has now passed under the control of the Vermont
Tale Products Company. This company was incorporated in
July, this year, the incorporators being G. E. Moody, F. C. Luce,
E. E. Grant and J. S. Wilkins, of Waterbury, and George Almon,
of Montpelier. The old mine on the talc lens, which is said to
be 100 feet wide, is being cleaned out and it is hoped that pro-
duction may start by September 15, with an output of 35 to 40
tons per day. The company will make ground talc and crayons.

EAasT GRANVILLE

Talec Company is continuing work upon its talc

The Eastern
mineral is still available, and

deposits here. A large amount of

REPORT OF THE VERMONT STATE GEOLOGIST 151

is being steadily mined i i
g e and milled, the product being used in the

Rocuester

The Eastern Talc Company, which is
. . . ’ b
E(r}(g;iufcrzrn;r}c };che State, is still obtaining the buﬁ,{ (g?ritgiklzarrg e(sit
o | e old Williams Mine, and at the same time 12 (c)1 .
velopin r,c;rl ediztnumqrqus prospects which have been located ie .
Lo mm Sa'detvmmlty of this enormous lens. The Williamn
Jepostt is « }11 o} }Lae the largest in the world, and that it is onlS
prox,fed by %hepsr}?stae}illq};;}éecli?;rgne St,dofda.group O b s beer}ll
com%anifhhals carried on for sevé);lal yézﬂsexploratlons which the
[n the last report of the writer* 1
s}(l)(éwmg thAat the Williams Mine cc?;sis?eccii lgfg Zage‘g? ialirelsented
Fym, Sfﬁ% thr(igz hundred feet long and sixty feet maximur(;l \fflilgt(})lr
seve%t u e glatlons of the country schist and dipping generall ,
maxim}(lmvi erizigcraelesd:giier(lj}fr. The41_18infe was shown to havae Z
_ over 450 feet. 1 illi
cdlirézsgesscs,ltxvard frlom the fourth level, througlgliﬁogglc?{rlxgglllg
e ?‘ ne’\%lh ens, lying sixteen feet from the old one and
paratil 1 it € new 1en§ was opened up on this level
g - of 160 feet and a maximum width of 30 feet veltoa
expreszg(rin t%he observed relationship of the lenses, the writer
expressed t ehoplmon that the deposit had resulted from
u e]en forcgd 111: ercoglmtry schists by a basic magma, which hgg
been forced tp? ards by hydrostatic pressure into preexistin
cavities at 1 hwas_, to use Daly’s term, a “chonolith.” Sin .
the las foip(glitlt 7151 side lens has been developed in all d.irectionCe
On t Ther 1 evel 1t 1s now over 300 feet in length and 70 fees{:
soutfl end theenswz?fl? eﬁ;ietoco}r)nee EcltCh’iEg sogihward, At the
. oge i
ga}r?e% %p\{vard to the first level. Bugt at et;e ﬁsle?lplgl\/gel h\gztvsh'b}ele'n
ré)vegﬁed e (;VV the fourth, cross cutting from the old ’minelrch <
Chonolith('m y ? trace of the new lens. This seems to prove tl?s
che ic nature of the new lens, that it has resulted prob ble
m an overflow of the magma from the old lens i o ore
ex1st}I13§. cavity, at the location of the fourth level S o a pre-
it is new lens is furnishing an excellent quality of talc and
A drill hole bored easterly from the south
Ilﬁ(;rllcs,hgrbgéé 1er:t, struck talc for a distance of 90 fzré’(ti, \(z)\;chicl}elzerr?c?rvz
fale has | ncountered 93 feet north of the northern end of the
' .At No. 5 Mine, about 700 feet sou illi
hmml}?g operations have extended to the Eﬁie:;tle(szefgixsﬁhalmsi
as ! ee¢n opened up for a distance of over 300 feet on its 1 ¢ axie
Tenth Report of the Vermont State Geologist ong as
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-and 150 feet in width. Furthermore, drill holes bored north and
south of the present workings, through the country rock, have
proved the existence of talc at considerable distances from the
No. 5 lens.

Earlier reports of the writer have noted the presence of a
small dome shaped hill of serpentine (Cushman’s Hill) about 700
yards north of the Williams Mine, and the development of talc
o some extent thereon. The Eastern Talc Company has ac-
‘quired this property and conducted systematic prospecting
operations by diamond drilling. This has resulted in the location
of a large body of talc 1,500 feet from the Williams Mine. The
drills have encountered talc and serpentine and seem to show that
Cushman’s Hill is an enormous dome shaped intrusion, on the
fanks of which a large amount of talc has been developed. It
will be recalled that practically no signs of serpentine have been
found in the Williams Mine, but that analyses pointed to the
mineral enstatite as the probable progenitor of the talc. Here,
however, the talc has been derived from serpentine, as is also the
case at Moretown. It was shown in the last Report that pro-
bably at least two injections of the Vermont sericite schists have
taken place, at different times, the one giving rise to the serpen-
tine hillocks, which in some cases have developed talc; the other,
probably to enstatite from which talc has also been derived.
The former existence of enstatite is entirely hypothetical and is
‘based on chemical analysis. - The derivation of talc from serpen-
tine (or rather antigorite) is plain and unmistakable.

To return to the newly discovered lens (which has been
called the No. 8 Mine), talc has been proven for a distance of
_over 600 feet in length, from 150 to 275 feet in breadth, and from
‘80 to 120 feet in depth. The estimated tonnage is 600,000 tons.
A shaft has been sunk in the deposit to a depth of 135 feet, on a
forty-five degree incline, and is ready for hoisting equipment.

It is more and more apparent that this region contains an
almost inexhaustible supply of talc and grit. The value of the
diamond drill as an exploratory agent is apparent.

' The Eastern Talc Company’s Rochester mill remains sub-
stantially as it was two years ago, with a productive capacity of
about 100 tons a day, but it is now planned to electrify it with
power from the Hortonia Power Company. An office building
has been added to the equipment and a moving picture theater
has been provided for the amusement of employees and their

families.
CHESTER DEPOT

The Vermont Talc Company continues to mine talc at its
Windham property and mill it at Chester Depot. .The company
also has other prospects under option. The Wmdham Mine
still contains a very large tonnage of tale, which will last the
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company for many years to come. The mine is being equipped
with additional machinery and the company is making every
effort to increase its output, although here, as everywhere else,
labor shortage is a serious handicap. Motor trucks as a substi-
tute for team haulage have been found advantageous. The mill is
at present producing about 20 tons per day, but is easily capable
of a much greater output. The product finds its chief use in
paper and rubber manufacture.

THE AMERICAN SoAPSTONE FinisH COMPANY

This company is still working the old Carlton Quarry but
has another large deposit at Smokeshire, about five miles from
Cassett’s Station. The product is used in the manufacture of
several preparations: soapstone finish, plaster board, dusting
powder, roofing paper, etc.

MILLING PRACTICE

In talc milling fine grinding is a prime requisite. For the
better grades of product color is, of course, essential. In the
poorer grades, however, such as are used for rubber filling, roofing
papers, foundry facings, etc., color is of secondary importance,
but fine grinding is indispensable. .

The milling practice in Vermont has, to a large degree, be-
come standardized. The old burr stones, as grinding agents, and
silk bolting cloth, for screening, have become nearly obsolete;
while the Raymond Mills or the Sturtevant Vertical Rock Emery,
Mill, for grinding, and the Air Separator, for sizing, have very
largely taken their places. With these agents there can be
produced a talc powder over 959, of which will pass a 300 mesh
screen.

A typical “flow sheet” for talc milling is as follows:

Rough ore bin

\!

belt conveyor

jaw crusher (12" x 15”)

elevator
N\
trommels
g N
fines . oversize

rotary kiln dryer
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crushed cge bins gyratory crusher
v
Raymond Roller Mill,
Raymond Cage Mill, or
Sturtevant Emery Mill

Air Separator
N N
fine product bin coarse product bin
N v
bagging machines

Different sized products : ..
the air separator. p can be made by suitably adjusting

TALC IMPORTATIONS AND DOMESTIC PRODUCTION
IMPORTATIONS

The talc importations, ground i
tons, have been as follows :* & or manufactured, in short

1915 1916
1917
. QuantitAver{lge . Avergige Average
Austria Hungary. ... it % S{ICSQS Quantity price Quantity price.
grmShS.Africa...... T 1082188 1
Eirgl?acilad::....:: ....... 4797 '12.08 5964 §E25:58 10,287 $ 14.13
France. T UEsL A R
French Africa........ .. 3134 o1 3970 b8 Lo 02
Germany..... |11 § sabeo o 2055
taly........o. L. 72 367105 17.07 aler  93.hs
e e T g g
S SR SRR LN LE RN EL TN TEIRS .
Spam. L T s 1 hioo
Sweden | L e gy B8E6 1 1L0o

15,945 $ 11.70 16,683 $ 13.08 16,131 $ 15.96

These figures m : .
formen yearszc:; ay be compared with the t‘otal imports of

— Shor%tz;g Average price
................. ) 13
ig(l)g ...................... 4,‘417 5 123'(7)1
ro1n Xt 155
O 7, 12.3
L})%g ...................... 10,989 11.1{8)
S 13,744 10.04
...................... 15,644 11.29

From these data it it seen that i i
) Trom ¢ the importations of t
.:’E)eadlly increased since 1911, the maximum being reaiilcega\ilr?
I 1(;’:—-.thls in spite of the great war. | Importations in 1916 were
Mineral resources of the United States.
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919, greater than in 1913, the year before the war. On the other
hand, imports in 1917 shows a 3.3%, falling off from 1916, but a
2297, increase in average price. It is noteworthy that importa-
tions from France in 1917 showed a decrease of 729, from the
figures for 1913, while those from Italy showed only a 79 de-
crease in the same period.

But the most notable increase in importations has come
from Canada, which in 1917 increased her shipments 3009 over
1913 and now furnishes 649, of the entire imports. The Madoc
deposit, in the County of Hastings, Province of Ontario, is the
chief source of Canadian talc, and the average price per ton of
$14.13 shows the high quality of the product.

The Mineral Industry states that the Italian talc is the
chief source of the high grade mineral used in toilet powders,
while the material used for cutting comes from Sweden, Spain
and India (via England).

Japan evidently possesses very high grade material, while
tale is also reported as existing in the ancient crystalline rocks

of Brazil.
Talc production in the different states has been as follows:*

TALC PRODUCTION IN THE UNITED STATEST
1916 1917
Average price

Short tons. Valuc. Short tons  Value per ton.

California............... 630 % 10,694 4,152 $ 74,000 $17.82
Georgla. ...ovvveenes 3,080 88,364 3,819 04,314 24.70
New York.............. 93236 961,510 74,671 881,462 11.80
North Carolina.......... 1,787 41,824 2,175 41,766 19.20
Vermont................ 73,215 501,175 93,960 625,150  6.65
Virginia. .. ............. 8,798 73,622 6,432 85,856 13.36

12,563 85,653 13,404 87,124  6.50

Md. Miss. N J. Pa.......

103,309 $1,762,842 198,613 1,889,672 § 9.51

CLASSIFICATION OF TALC SOLD IN THE UNITED STATEST

1916 1917
Average price

Value per ton.
68,440 $ 5.58

Short tons

Short tons. Value.
12,269 $

Rough (crude)........... 11,299 $ 106,928

Pencils and blanks—slate
pencils—metal workers
crayons, acetylene
burners—etc......... .. 828

Ground, foundry facings,
filler for paper, paints,
rubber  goods, toilet
powder, foot ease, lu-
bricants, dressing skins,
leather, etc............

102,674 5,781 $ 176,404 30.51

181,182 $1,553,240 180,563 1,644,828 9.11

193,309 $1,762,842 198,613 $1,889,672 $ 9.51

In the matter of tonnage, Vermont and New York are the
largest producers but have changed places in the last two years.

*Mineral Resources of the United States.
+Mineral Resources of the United States.
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New York furnished 487, of the whole domestic production, to
Vermont’s 38%, in 1916; Vermont produced 479% to New
York’s 389, in 1917.

The best grades of talc are furnished by Georgia, North Caro-

lina and California, the increased production of the last named-

being especially noteworthy. This higher grade material is used
for gas tips, pencil crayons, and talcum powder. Production
is far behind the demand. The Mineral Industry states that
only 25 tons of the highest grade of talc (presumably comparable
with the best imported material) were mined in the United States
in 1917 and that this material sold at over $300 per ton.

The great bulk of domestic talc is ground and is used as a
filler for paper, rubber, etc.

The total amount of tale produced in the United States and
imported may be noted.

1913. . ... o 163,045 short tons
1914, . ..o 166,732 “
1916, .. oo, 182,281 ¢ ¢
1916. ... ... ... ... .. 212,992 ¢
1917 .. .o 214,744 ¢ ¢

Tarc PropucTioN IN VERMONT

The talec producing companies of the State continue to be
The Eastern Tale Company at Rochester and East Granville,
The Magnesia Talc Company at Moretown, The American
Mineral Company at Johnson, The Vermont Tale Company and
The American Soap stone Finish Company at Chester Depot.
The present year is expected to see production started by the
Vermont Talc Products Company, at the Fayston-Moretown-
Waitsfield deposit.

The following statistics are taken from ‘“ Mineral Resources
of the United States,” save those for 1915, 1916, and 1917, which
have been compiled from returns made to the writer by the
above companies.

1. Short tons. Value. Average per ton.
1905. .. ... L 8,987 $ 65,525 $7.29
1006. . ... ... ... .. 10,413 101,057 9.70
1907. ... L 16,200 82,500 5.09
1908. ... . ... ... .. 10,755 99,741 9.27
1909. ... . ... L 23,626 120,329 5.09
19100 ... L, 25,975 136,674 5.26
1911, .. o 29,488 200,015 6.78
1912 ... ... 42,413 1 275,679 6.49
1913 ... 45,547 327,375 7.18
1914, ... oo 50,123 358,465 7.15
1915, ... ..o 61,977 443,494 7.15
1916, .. ... ... L. 73,575 488,617 6.64
1917 ..o 94,183 * 642,379 6.82
Pirst half 1918.................. 46,880 377,605 8.05
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i i i duction
Vermont, in 1917, is seen to have increased her.pro
28% o(:l;er that of 1916. Prices have advanced 18% in the same
iod. )
penOIt is confidently expected that with greater and better
arranged milling facilities, production will be still further in-

creased in the future.



THE LIME INDUSTRY IN VERMONT
E. C. Jacoss

UNIVERSITY OF VERMONT

GEOLOGICAL

West of the metamorphics which make up the Green Moun-
tain Range lie the great terranes of limestone and shale which
constitute the Ordovician Formation in Vermont. The chrono-
logical order of the members of this formation, which normally
should rest on the Cambrian sandstone and quartzite, is: Beek-
mantown, Chazy, Black river, Trenton, and Utica. Of these
the first four are limestoncs and the fifth is a shale. But the
great overthrust has, in places, brought the Cambrian sand-
stones and quartzites on top of the Ordovician members, pro-
ducing the condition so beautifully shown at Rock Point, where
the Cambrian is seen resting disconformably on the Utica; at
Highgate, where the Cambrian overlies the Chazy and Utica;
and in other place, such as Mt. Philo and Snake Mountain, where
the relationships are not so evident to the casual observer.

The Ordovician series cxtends, interruptedly, from High-
gate, on the north, to Orwell, on thc south, and reaches as far
east as Highgatce Center, East Colchester, Monkton, New Haven,
Bristol, Weybridge, Middlcbury, Salisbury, Leicester, and
Rutland.

These Ordovician terranes were quite fully deseribed by
Professor Perkins in his article entitled, The Geology of Western
Vermont.*

LEconomic

The limestone is in places highly silicious; in others, mag-
nesian; and in still others, nearly pure calcium carbonate. The
last named is of special importance industrially, for from the
large outcrons an enormous amount of limestone has been quar-
ried and burned for chemical purposes, while the smaller outerops
are coming more and more into use by the farmers for neutraliz-
ing the vegetable acidity of their soils.

The lime industry in the State dates back at least to 1830
and for many years Vermont lime has been held in high esteem
and has been used for many purposes. Among these may be
mentioned precipitated lime, tanning, bleaching powder for
various purposes, gelatine and glue making, in photographic

*Tenth Report Vermont State Geologist.
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plate manufacture, in fiber for shoes, in mordants, paint, oil, and
varnishes, and for building lime, plaster, etc. o

In the following account, the companies engaged in lime
burning, their quarries and kilns will be considered, together
with such points of geological interest as have come to the
writer’s notice.

HIGHGATE SPRINGS

The Mississquoi Lime Works Incorporated

President, F. B. Wright.
Vice-president, C. H. Schoff.
Treasurer, E Deschenes.
Superintendent, O H. Parker.
Offices at St. Albans.

The company’s plant is located at Highgate Springs, thirteen
miles from St. Albans, and is connected by a spur track to the
Central Vermont Railroad. Limestone quarrying and lime
burning were started by Mr. L. H. Fclton, in 1888, and were con-
tinued by him to his death, in 1914. The present company was
incorporated in 1916. )

The limestone consists of a great series of upturncd strata,
dipping about 25 degrees easterly, and extending from the lake
shore eastward for about two miles, when they disappear beneath
the overthrust Lower Cambrian sandstone and quar‘tzi‘c_c, which
form a ridge trending roughly north and south. The limestone
is of Chazy age. Some portions of it are silicious and some are
dolomitic, rendering them unfit for burning; but other portions
are nearly pure calcium carbonatc and it is on these portions
that the quarrics are opened. The quarries are chatcd about
eight-tenths of a mile east of Highgate Springs Station. .

The company owns cighty acres of limestone lands. rI‘ he
large quarry is located about 1200 feet east of the kilns.  The
stone, which is a compact, dove-colored rock, is brpken to suit-
able size at the quarry and brought by a horsc railroad to the
works. These consist, at present, of five wood burning kilns,
which produce about forty-five tons of lime per day. o

The commany is building a large, modern plant which 1t
hopes to have in operation in the fall of 1918,

Propucrion

The company produced over 100,000 barrels of lime 1 1917
(one barrel contains 184 1bs), while the 1918 output will pro}ia]bly
exceed 130,000 barrcls. The price of the lime varics from 56 00
to $11.00 per ton, in bulk, and from $1.10 to $1.60 per baryel.
The lime runs from 93%, to 999 calcium oxidc and has a high
reputation in the lime industries.
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FONDA JUNCTION
THE Fonpa Lime KILNs

Manager, Leo F. Willson,
Offices at St. Albans.

The works are located just west of Fonda Junction. Lime

bu?nl.ng was begun in 1846 by Chas. W. Rich, following the
building of the Vermont Central Railway. It was continued in
1850 by Lga.wrepce Brainerd and Edward A. Smith. The works
were acquired in 1872 by W. B. Fonda. The present manage-
ment took control in 1917.
. The property consists of seventeen or eighteen acres of
1§mes‘gope,.wh1ch is a dove-colored, compact rock, showing but
little jointing. Prgfessor Perkins states that the rock is of Chazy
age. The quarry is perhaps 1,000 by 600 feet in area and 90 to
100 feet deep. On the west side the excavations have disclosed
the underlying (Utica?) shale, dipping easterly twenty-five or
thirty degrees, with which the limestone makes a sharp, clean
contact. If the limestone is Chazy, the intermediate numbers,
Black River and Trenton, are evidently missing.

The quarried rock is hoisted up an inclined railroad and
trammed to the works, where it is burned in five vertical kilns
fired by soft coal.

PropucTIiON

The capacity of the works is 18,000 tons per year, but labor
shortage has materially reduced the output.

SWANTON
THE SwANTON LIME WORKS

Owner and manager, John P. Rich.

The works and office are in the outskirts of the town. The
plant was started by A. B. and E. W. Jewett, and C. W. Rich
in _1877, on the completion of the Portland and Ogdensburg
Railroad (later known as the Lamoile Valley Railroad and now
called the St. Johnsbury and Lake Champlain). The present
owner assumed control in 1888.

The quarry now being operated lies just south of the kiln
house. The limestone is the typical dove-colored rock of this
region, but is more jointed and somewhat more crystalline than
the rock at Highgate Springs and Fonda Junction. The lime-
stone 1s said to be of Chazy age, but fossils are vanishingly few
On the south side of the quarry the contact with the underlying
(Utica ?) shales has been disclosed, and it is interesting to note
that this contact is not sharp, but that there is a considerable
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interfingering of the limestone and shale. The floor of the
quarry is on the shale, so that a vertical limit of quarrying has
been reached. On the south wall of the quarry there is seen a
distinct bedding plane between the underlying, dove-colored
limestone and the overlying whiter and more crystalline rock.
The old quarry cast of the present workings is no longer being
operated.

The blasted rock is carried from the quarry to the kiln house
by an aerial tramway. The kiln house contains five gas burning
and nine wood burning kilns of which only the former are now
in use. The gas is furnished by a Bradley Gas Producer. Both
kilns and gas producer are fed by the aerial tram. The whole
plant is one of the most modern and best equipped in the State.

PropucTioN

The gas kilns have a daily productive capacity of 10 tons
each. The yearly capacity is 15,000 tons, but the present out-
put, on acccunt of labor shortage, is much less.

The lime is advertised with the following analysis:

Lime (CaO)............... .. ... ..... 09.209,
Magnesia (MgO).................... L 406%,
Iron oxide (FeO). ... ... ... ... .. (129,
Manganese & Alumina. ........... ... trace.
99.87

The average price in 1916 was $5.00 per ton; in 1917, $8.00;
while the current price 1s $11.00:

OrirErR LOCALITIES

Mr. Rich states that there were formerly many small lime
pot kilns, operated by farmers who did their own burning, all
through this region. The kiln at Lime Kiln Point, owned by
Boston interests, was in operation until 1888.

WINOOSKI

The Champlain Valley Lime Corporatiorn, of Mass.

Pres and Supt., A. J. Crandall.
Treasurer, C. E. Ralph.
Post Office address, Winooski.
Quarries at High Bridge, South Burlington.
Limestone has been quarried here since 1829. The quarries
were operated for years by Messrs. Tobey and Catlin, who pre-
ceded the present company.
The limestone has been shown by Professor Perkins to be of



162 REPORT OF THE VERMONT STATE GEOLOGIST

Beekmantown age. It is dove-colored and very pure. The
property contains eighty-six acres, and the quarry isabout 300 x
400 feet in area. The blasted rock is hauled by teams to the kiln
building where it is fed to three wood-burning kilns.

The burned lime is used by chemical and paper manufac-
turers. The company also crushes a part of its rock for agricul-
tural purposes. A Jaffray crusher is used which delivers a

product, 759, of which will pass a 100 mesh sieve. Lime ashes
are also sold for fertilizer.

PropucriON

The company produces about 100 barrels of lime a day.

‘The wholesale price is $11.00 per ton, in bulk; $1.80 per barrel,
wholesale: $2.25 retail.

NEW HAVEN JUNCTION
The Green Mountain Lime Company.

Owner, The Brewer Company, of Worccester, Mass.
Superintendent, W. J. Dandrow.
Offices, Worcester, Mass.

The old company, of the same name, was operated by
Middlebury owners for twelve vears, when it failed and was in a
receiver’s hands for two years. The present management took
control in December, 1916.

The quarries are about two miles from New. Haven junction
and are connected by a spur track to the Rutland Railroad.
They comprise sixty-four acres of limestone. This rock is of
Beekmantown age and is characterized by its unevenness. The
west side of the quarry consists of a very fine granular limestone
which has been metamorphosed almost to a marble. This ma-
terial is hard to burn but gives the best quality of lime. The
east face yiclds the characteristic Ordovician gray limestone but
contains enormous clay nodules, called locally ‘‘nigger heads.”
The stone here has to be hand picked, since the nodules spoil the
color of the burned product. The quarry is some 200 x 400 feet
inarea and is connected with the kiln plant by a horse tramway.

The lime burning is done in five wood and coal burning kilns,
which use the Eldred Process. In this the kilns are closed at
the top and ‘‘down-comers’ bring the carbonic acid to the
hearths, where it partially checks the combustion and, it is
claimed, gives a more uniform heat. This process has been

described by W. E. Emley, in Technical Paper No. 16, U. S.
Dep’t of Commerce.
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Beekmantown age. It is dove-colored and very pure. The
property contains eighty-six acres, and the quarry is about 300 x
400 feet inarea. The blasted rock is hauled by teams to the kiln
building where it is fed to three wood-burning kilns.

The burned lime is used by chemical and paper manufac-
turers. The company also crushes a part of its rock for agricul-
tural purposes. A Jaffray crusher is used which delivers a
product, 759 of which will pass a 100 mesh sieve. Lime ashes
are also sold for fertilizer.

PropuctioNn

The company produces about 100 barrels of lime a day.
The wholesale price is $11.00 per ton, in bulk; $1.80 per barrel,
wholesale; $2.25 retail.

NEW HAVEN JUNCTION
The Green Mountain Lime Company.

Owner, The Brewer Company, of Worcester, Mass.
Superintendent, W. J. Dandrow.
Offices, Worcester, Mass.

The old company, of the same name, was operated by
Middlebury owners for twelve years, when it failed and was in a
receiver’s hands for two years. The present management took
control in December, 1916.

The qguarries are about two miles from New. Haven Junction
and are connected by a spur track to the Rutland Railroad.
They comprise sixty-four acres of limestone. This rock is of
Beekmantown age and is characterized by its unevenness. The
west side of the quarry consists of a very fine granular limestone
which has been metamorphosed almost to a marble. This ma-
terial is hard to burn but gives the best quality of lime. The
east face vields the characteristic Ordovician gray limestone but
contains enormous clay nodules, called locally ‘“nigger heads.”
The stone here has to be hand picked, since the nodules spoil the
color of the burned product. The guarry is some 200 x 400 feet
in area and is connected with the kiln plant by a horse tramway.

The lime burning is done in five wood and coal burning kilns,
which use the Eldred Process. In this the kilns are closed at
the top and ‘‘down-comers” bring the carbonic acid to the
hearths, where it partially checks the combustion and, it is
claimed, gives a more uniform heat. This process has been
described by W. E. Emley, in Technical Paper No. 16, U. S.
Dep’t of Commerce.
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The kilns have a productive capacity of 12 tons each per

day, but labor shortage is at present greatly reducing the output.
Analysis of the lime shows:

Lime (CaQ)........................ 98.49,
Magnesia (MgO).................... 719,
Silicia (S10,). .o oo .629%,
Ferricoxide...................... ... .249,
99.97

LEICESTER JUNCTION

The Brandon Lime and Marble Company.

Owner, Harry B. Huntley.
Office, Leicester Junction.

The quarries here have been in operation for fifty years,
under various ownerships. They consist of ten acres of lime-
stone, which is of Beekmantown or Chazy age. The deposit is a
long, narrow one much crushed and contorted. As at New
Haven, there is a good deal of included, argillaceous material,
which renders hand picking of the blasted rock necessary. The
quarry is some 450 feet long, 125 feet maximum width, and
seventy-five feet maximum depth.

The rock is burned in two kilns, which are fired by wood and
have a daily capacity of 10 tons each. The burned lime is used
mainly for chemical purposes, but the fines are sold for fertilizer.
The lime brings $11.00 per ton in bulk and $2.00 per barrel.

RUTLAND

The Vermont Marble Company of Proctor, Vt.

In dressing its marble the Vermont Marble Co. of necessity
produces a large amount of waste material. Some of this is
shipped to the iron smelter at Port Henry, but a very large
amount remains. Attempts to burn this highly crystalline lime-
stone in the vertical kilns used for non-crystalline rock have
proved futile. since the effect of heat is to granulate the material,
with consequent choking of the kilns.

Two years ago the Company installed a large rotary kiln
for converting its-waste products into burned lime and hydrated
lime and now produces ““Vermarco Quick and Hydrated Lime”
on a large scale. A full account of the plant and its working, by
Harold Ladd Smith, appeared in the last Report of the Vermont
State Geologist.
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PropucTION

The present production is 60 tons of oxide, or 75 tons of
hydrated lime, per day, while the plant is so designed that this
production can be doubled when the demand warrants the in-
stallation of another unit.

The Company claims for its hydrated lime: that the product
is morc uniform than ordinary burned lime: that it obviates the
curing process in plaster making, that its addition to concrete
results in marked advantages in incrcasing the plasticity and
covering capacity of the product, in decreasing the tendency
toward segregation, in increasing its strength, ctc. It is also
claimed that hydrated lime is much better for chemical purposes.

POWNAL

The Pownal Lime Company, Boston, Mass.
Sales Department 92 State St., Boston.

This company advertises ground limestone for liming pur-
poscs. The writer has not visited the plant.

InacTivE QuarriEs AND KILNS

In the past, limestone has been quarried and burned at many
places in the State, not only in the Champlain Valley but also
in and cast of the mountains. Thus, lime kilns were formerly in
opcration at Amsden (near Cavendish), at Plymouth, Ludlow,
Readsboro, etc., ete. '

T. N. Dale, in his Lime Deposits and Kilns in Eastern
Vermont*, has ecnumerated these deposits and kilns and reference
is made to his article.

Finally, the Vermont Agricultural Experiment Station has;
during the last few years, analysed several hundred samples of
limestones and dolomites, representing outcrops on Vermont
farms. With simple crushing machinery like the Jaffray Crusher
available, such outcrops should furnish an adequate supply of
matcrial for liming purposes for many years to come.

*Ninth Report Vermont State Geologist.

ADDITIONS AND CORRECTIONS TO LIST OF
ALTITUDES IN VERMONT
On page 150 of the previous Report there is a List of Vermont
Altitudes. Since this list was printed there have been few sur-
veys, but some changes should be madc in the List as more

accurate measturements have come to hand. )
Those who use the List are asked to make the following

corrections.
Barnet....................... B. & M. R. R. 461
Barton........... .. ... ... B. & M. R. R. 463. 968

B. & M. R. R. 949.

H. L. F. 950.112
Boltonville. .. ................ H.L.F. 669.
Centervale.................... B.&M R. R 590.15
Central Park, Vernon.......... H.L.T. 205.
Conicut, Station............... B.& M. R. R 407.1
Coventry, Station........... .. B. & M. R. R. 695.025
Deweys Mills U.S. G. 5. 627.
Deweys Mills, Station.......... W.R. R. 617.5
Ely, Station. . ................ B. & M. R. R. 430.6
Fairlee, Station. . ............. B. & M. R. R. 435.06
Fairmount.................... H.L.F. 766.
Groton, Station............... H. L. F. 816.
Hartford, Deweys Mills, Station W. R. R. 617.5
Hartland, Station............. U.S G.S. 420).
Inwood, Station............... B. & M.R. R 504.239
Lanesboro............ ... H. L.T. 1,380.8
Lower Waterford, Church.. . ... H. L. F. S10.
Lyndon, Station............... B.& M. R.R. 705.
Lyndonville, Station........... B.& M. R.R. 715.5
Mclndoes, Station............. B.& M.R. R 488.
Marshfield, Station............ M.&W.R.R.R. 1,181.86
Newport, Station.............. C.P.R.R. G91.
Newport, Station............. B.& M. R. R. (G92.23
Northboro, Station............ B.& M R.R. 396.2
Norwich, Station.............. B. & M. R. R. 402.6
Orleans, Station............... B.& M. R. R. 741.11
Ottaquechee Bridge............ W.R.R. 617.5
Plainfield, Station............. M. &W.R. R.R 799.
Pompanooste, Station.......... .. B.& M. R. R. 392.25
Quechee, Station.............. W. R. R. 640.
St. Johnsbury, Station......... B.&M. R R 577.75
Shallies Hill, Summit........... B. & M. R. R. 782.
South Ryegate, Station........ M.&W.R.R.R. 744
Summit Groton............... M.&W.R.R.R. 1,430.13
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Summit Siding................ B.& M. R. R 1,235.
Sutton, Station........ ...... B. & M. R. R. 1,061.
Taftsville, Station............. W. R. R. 650.
Upper Waterford, Four Corners H. L. F. 730.
Waterford, Toll Bridge......... H.L.F. . 675.
Wells River, Station........... M.&W.R.R. R 462,
West Burke, Station........... B.& M.R.R. 932.41
White River Junction, Station.. B. & M. R. R. 365.124
White River Junction, track.... W.R.R. 363.7
Willoughby, Station........... B.& M.R.R. 1,155.4
Windsor, Station.... ..... .. .. C.V.R. R. 322.
Woodstock. . ......... ... .. .. U.S. G. S. 705.
Woodstock, Station............ W.R.R. 690.

For most of the above changes I am indebted to Professor
H. L. Fairchild who for several seasons has investigated the sur-
face geology of certain parts of the State. I am also indebted to
Mr. . E. Samson, division Engineer, B. & M. R. R.

In nearly all cases when the authority given is that of a
rﬁilroa_(li the altitude was taken in front of the station on top of
the rail.

The following account of ““Eruptive Rocks at Cuttingsville,
Vermont,” by Mr. Julius Wooster Eggleston, was first published
in the American Journal of Science, Vol. XLV, May, 1918, pp.

377-410.
Since writing this account for the Journal, Mr. Eggleston has

done additional field work in the region involved, and the changes
in the maps and some paragraphs of the text are made because of

more extended study. )
Mr. Eggleston’s paper was published as a Harvard University
“Shaler Memorial Investigation.”

ERUPTIVE ROCKS AT CUTTINGSVILLE,
VERMONT

J. W. EGGLESTON
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Smaller igneous-rock areas.
Breccia mass.
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Date of Eruptivity.
Petrography.
Country rocks.
Gneisses.
Limestone.
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Schists.
Stock rocks.
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Hornblende-biotite syenite.
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Sodalite-nephelite syenite.
Augite syenite (nordmarkite).
Dike rocks.
Essexite porphyry.
Nephelite syenite.
Syenite porphyry.
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Mineral Deposits.
General Conclusions.
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Comparison with other areas.
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Origin of the Magmas.
List of chemical analyses.
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INTRODUCTION

Under the name ‘“‘granite” the eruptive body at Cuttings-
ville, on the west slope of the Green Mountains and 10 miles
southeast of Rutland, Vermont, was noted in E. Hitchcock’s
geological report on Vermont (map and vol. 2, p 742, 1861).
In 1892 and 1894 Mr. C. L. Whittle, with an assistant, studied
the Cuttingsville area for the U.S. Geological Survey, but the
results of this work have not becn published.

In the years 1906 to 1909 the writer carried on intermittent
detailed work in the arca. A summary of results was given be-
fore the Geological Society of America, at Cambridge, Mass., in
December, 1909. An abstract appecars in the Bulletin of the
Society, Vol XXI, p 785, 1910.

In connection with the present paper, acknowledgments are
due to Professor Charles Palache, who first called the writer’s
attention to the Cuttingsville rocks; to Professor John L. Wolff,
under whose direction the study was undertaken; to Mr. C. L.
Whittle for the use of his reconnaisance map and collections; to
Professor R. A. Daly, who has assisted in the preparation of the
manuscript.

Special thanks are due to Dr. H. E. Merwin, now of the
Carnegie Geophysical Laboratory, Washington, D. C., and to
Professor C. D. Test of the Department of Chemistry of the
‘Colorado School of Mines, who madc the excellent chemical
‘analyses accompanying this paper.

ToOPOGRAPHY

Cuttingsville lies in the valley of Mill River on the Rutland
railroad, about a thousand feet above the sea.

Plate XVIis a map of the area considered*

The main cruptive body, 1.7 square miles (4 sq. km.) in
area, is largely confined to Granite Hill (2,007 feet Plate XVII) so
named from its quarries of syenite, popularly called “granite.”
This hill is crescentic in form, with a knob towards either end of
the crescent, the south knob rising about 250 feet higher than the
north knob (Plate XVI). The shape of the hill is very suggestive

-of a low glacial cirque tributary to the glaciated valley of Mill
River.

*Plate XVI, Geological map of Cuttingsville area. Seale 1:28,000.
Standard orientation.

Stock Rocks—1, Essexite; 2, hornblende-biotite syenite; 3, pulaskite; 4,
sodalite-nephelite syenite; 5, nordmarkite

Dike Rocks—Dotted line, essexite porphyry. Heavy broken line, syenite
porphyry. Heavy fulll ine, tinguaite. Double line, camptonite.

Country Rocks—except limestone (L), not distinguished.

A-B, line of section D, dike of type tinguaite (shown on the map an eighth
of a mile too far south). M, open cut for molybdenite, P, pit. Q, quarry, T,
1:unn?(l).‘ther changes should be made in reading the map—essexite of northern
area too extensive; should not be shown south of stream.

The branch of Mill River, south of Copperas Hill, joins Mill River north,
not south, of the highway bridge in Cuttingsville center.)
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__Two smaller eruptive bodies lie on the northeast side of
Mill River (Plate XVTI), and, still farther north, a mass of breccia
and two related areas of eruptive rock, occur north of, and along
the upper west slope of, a 1,400-foot hill north of Mill River (fig10)
Including the breccia, the bodies extend along a line nearly 344
miles long. ’

Fig. 9. Scction along line A-B in Plate XVI. Natural scale 1:28,000.

The accompanying geological maps arc based upon an
enlargement of adjoining parts of the Wallingford and Rutland,
Vt., sheets of the topographic map of the United States.

CONDITIONS OF EXPOSURE

Much of Granite Hill, particularly the north and east slopes
of the two knobs, is thickly wooded. The bowl, crest, and west
slope are fairly free from trees, but the bowl is heavily drift-
covered. Along the crest, on the slopes of the north knob, and
also at the east foot of each knob, where Mill River is actively
eroding, exposures are especially numerous; those on the south
knob are much fewer. Three small abandoned quarries, several
test pits, a prospect cut,.a tunnel, and a railroad cut south of
Cuttingsville (Plate XVI) furnish fresh rock. Ledges and open
cuts along a pyrrhotite deposit on the lower southwest slope of
Copperas Hill expose a group of dikes presumably connected
with the main eruptive body (Plate XVII).

Excepting along’the crest of the middle part of Granite
Hill and for a short stretch along the crest of the south knob,
contacts are rarely exposed. As mapped they are accordingly
for the most part only approximate. ’

OUTLINE OF FIELD RELATIONS
COUNTRY ROCKS

The country rocks are all metamorphic—chiefly horn-
blende-pyroxene and mica gneisses, with considerable limestone,
and quite subordinate chloritic schists and quartzite. In a zone
a score or two feet wide along the only visible contact, on the
west side of the main eruptive body, they show some contact
metamorphism besides moderate brecciation, diking and im-
pregnation by eruptive rocks.
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Strikes and dips of the country rocks are indicated upon the
map (Plate XVI). The strikes are commonly northeasterly, in
accord with the usual Appalachian trend, and run at high angles
to the axis of the eruptive bodies.

Structural relations among the members of the country-rock
series are obscure. The hornblendic gneisses commonly strike at
an angle to the other members and are probably intrusive into
them. Thestructural complexity makes it difficult to state the
nature of the rocks beneath thosc actually visible. Quartzite and
less certain dolomite xenoliths in the essexite of one of the north-
ern eruptive bodies may have been derived wholly from beds form-
erly overlying the visible country rocks, although some may have
come from beneath. Whittle* refers the country rocks to the
Algonkian, and places them in a series named by him, the Mount
Holly from a neighboring hill and village.

ERUPTIVE ROCKS

The eruptive rocks include essexite, hornblende-biotite
svenite, pulaskite, nephelite syenite, sodalite-nephelite syenite,
nordmarkite, cssexite porphyry, syenite porphyry, aplite,
tingnaite, camptonite, and an eruptive breccia. Some of the
eruptives have locally suffered slight faulting and possibly very
limited crushing and shearing along certain contacts, as a result
of successive intrusions and later movements, but all these
rocks are entirely free from anything at all comparable to the
cffects of regional metamorphism displayed by the country rocks.

Composite stock—Cross-cutting relations to the country
rocks, combined with high outward dips of the contact where
observable, nearly vertical flow lines, and small areal extent of
the intrusive mass, indicate that the main body is a stock. In
any casc a laccolithic origin cannot be assumed. The com-
posite character of the.body is revealed by the distribution and
structural relations of its rocks. The chief types are arranged
in a roughly concentric manner (see Plate XVI), essexite partly
encircling pulaskite and both being probably cut by peripheral
rordmarkite.

Essexite composes nearly one-quarter of the total area of
the eruptives. In practically all of its occurrences it is cut by
syenite or syenite porphyry, the smaller masses apparently being
completely inclosed.  Evidently the essexite represents an older
body, probably a stock, which has been invaded and largely
engulfed by the later intrusions. Nearly vertical contacts and
occasional nearly vertical flow lines, in the essexite and some of
the syenite, suggest that the whole forms a composite stock.

Pulaskite, especially well shown on the north slopes of the
bowl, constitutes about two-thirds of the main eruptive body.
It clearly penetrates the essexite and gneisses. In places it

*C. I.. Whittle, The Occurrence of Algonkian Rocks in Vermont and the
Evidence for their Subdivision, Journal of Geology, Vol. 11, p 396, 1894,
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extends west of the crest of the middle part of Granite Hill
(Plate XVI,) forming, where essexite is present, a band of no great
width between the essexite and gneisses.

Between flanking lenses of essexite and occupying the crest
of the middle part of Granite Hill, is an area of hornblende-
biotite syenite upwards of 1,000 feet long and half as wide. It
appears again, in a much narrower band, near the crest of the
north knob. Its total areal extent is believed to be least of all
the chief types of rock exposed on Granite Hill.  Tts structural
relations to both the essexite and the pulaskite are somewhat
obscure, due to the failure of sharp contacts. A point bearing
upon this question, however, is the very common development
of a biotite-hornblende phase of the pulaskite on the side towards
the essexite. These border phases frequently resemble very
closely the type hornblende-biotite syenite in the quarry near the
crest of the middle part of Granite Hill.

These facts might be explained on the assumption that the
hornblende-biotite syenite is a sort of hybrid, having resulted
from the assimilation of essexite by pulaskite. This view
accords with the usual absence of sharp contacts between pu-
laskite and essexite, the one gradually passing into the other, as
illustrated in a narrow band near the crest of the north knob.

However, in the quarry the hornblende-biotite syenite itself
is cut by an apophysis or irregular dike of syenite porphyry
merging into porphyritic syenite. Ifit is a tongue from the main
mass of pulaskite, the view that the hornblende sycnite is a
hybrid of essexite and pulaskite must be relinquished in favor
of early differentiation and intrusion coincidently with or im-
mediately succeeding the essexite, but preceding the pulaskite.

Nordmarkite is clearly intrusive into the esscxite, cutting it
freely and inclosing fragments, as well shown in the contact zone
of essexite and nordmarkite on the north knob. Its relations to
the other syenites are obscure.  On the lower southeast slope of
the north knob, the path to the quarry has been cut in bedrock
which shows quartz-syenite dikes penctrating a pulaskitic type.
A similar combination, with gneiss fragments also included,
is shown in excavated blocks at the edge of Mill River just below.
This is the only observed evidence that nordmarkite intrudes
eruptives other than essexite, and it is not conclusive.

The nordmarkite along Mill River, at the east foot of the
north knob of Granite Hill, 1s cut by several large dikes of syenite
porphyry. These may possibly be apophyses from the pulaskite,
though there are certain ficld, lithological, and chemical reasons
for believing these syenite-porphyry dikes to be intrusions later
than both nordmarkite and pulaskite, and connected with the
sodalite-nephelite syenite.

Sodalite-nephelite syenile in the railroad cut, is probably con-
siderably less extensive than any type on Granite Hill. Very
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similar rock exposed on the lower cast slope of the south knob,
on the west shore of Mill River, may indicate that the area ex-
tends into Granite Hill. The structural relations are completely
hidden. The rock is either a sodalite-bearing phase of the
pulaskite and contecmporaneous with it or, as just suggested, a
distinetly later intrusion.

Swmaller igneous-rock areas. —The two smaller areas north of
Granite Hill appear to be parts of one irregular composite in-
trusion, fed from the same magma reservoir as the main body.
It is quite possible that the northern areas are continuous with
the Granite Hill mass, bencath the cover of drift and alluvium
in Mill River Valley. If so, this would increasc the length of
the area of the Granite Hill stock by about three-quarters of a
mile, and give it a pronounced northward elongation.

The northern eruptives, wherc exposed, are much more in-
volved with the country rocks than is the case on Granite Hill.
Contorted and brecciated gneisses frequently alternate with erup-
tives along the railroad, and flank them on the northwest. The
geological map, owing to the limitations of its scale, gives a
quite inadequate impression of the intricatc relations between
eruptives and country rock, especially in the case of the more
northern arca.

The rocks of the northern areas resemble those on Granite
Hill, but nordmarkite and the basic phases of essexite are absent.
Thick dikes, or borders of camptonitic rock arc impressive fecatures
in the more northern arca.

Although not so well shown as on Granite Hill, the syenite of

the northern areas is nevertheless clearly intrusive into the

essexite, probably vertically, judging from limited contacts and
nearly vertical flow lines in some of the syenite. The essexite,
less basic than on Granite Hill, carries occasional xenoliths of
quartzite, hornblende gneiss, and possibly of dolomite, and is
probably a quite irregular intrusion. The syenite, although not
chemically, or microscopically studied, is regarded as partly
pulaskite and partly biotite syenite (with some hornblende).
The latter has been mapped under the same symbol (2, Plate
XVI) as the hornblende-biotite syenite of Granite Hill, which
rock it most resembles.

Breccia mass.—About a mile north of the small areas of
eruptive rock just described, there is a body of breccia, shown in
figure 10. Though not closely studied, it appears to be related
to those areas. The constituent fragments, usually not more
than a few centimeters in diameter, are composed of quartzite
with subordinate schist, gneiss, and limestone. The breccia is
intimately injected by a trappean rock, possibly an essexite
porphyry.

The exposures indicate three areas in a distance of about
half a mile. Of these areas the northern is most extensive and
most truly a breccia. The other two, especially the middle,
because of fewer and smaller included fragments, are better
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classed as essexitic or camptonitic eruptives. All are flanked by
gneisses and lie en axe with the eruptive bodies already described.
The eruptive rocks of the small areas farther south are bordered
by, and alternate with, brecciated country rock. This fact
suggests that all the breccias are the result of intrusion along
a line of shattering, some being not so much injected by igneous
rock because of greater distance from eruptive centers.

Figure 10. Area of breccia, two miles northwest of Cuttingsville.  Stan-
dard orientation.

Scale 1:21,000. Arca shown is nearly continuous with that of Plate
XVI. B, breccia L, limestone. Other rocks not distinguished.

(B should not be a single band, but threc small detached arcas west of
crest of hill, and flanked by gneisses.)

Dikes.—Associated with the plutonic rocks arc numerous
dikes, both aschistic and diaschistic. They comprise in the
inferred order of intrusion, essexite porphyry, nephelite syenitc,
syenite porphyry, aplite, tinguaite, and camptonite. As a whole
the dikes have not been thoroughly diagnosed. Two, a syenite-
porphyry dike and a tinguaite dike, mapped respectively at T
and D, Plate XVI have been chemically studied.  Classifica-
tion of the other dikes is tentative. Some mapped as tinguaite
may, upon further study, prove to be fine-textured phases of
syenite porphyry, or possibly bostonite. Others mapped as
camptonite may prove to be fine-textured essexite porphyries.

The dikes range in thickness from a fraction of an inch to
25 feet, with an average of about one foot. The dikes are most
mumerous in or near eruptive areas. They rarely occur more than
half a mile distant. In the eruptive areas they are not confined
to any particular kind of plutonic rock, though they seem to be
more numerous near contacts of the syenites with essexite.
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Date or EruptiviTY

There is little direct evidence bearing upon the exact geo-
logical age of the eruptives. They are clearly of later date than
the gneisses and limestone of supposed Algonkian age. Their
freedom from marked crushing and shearing suggests that the
intrusions did not consolidate until after the strong deformations
of the country rocks had been accomplished. Assuming that the
last of these could not have been earlier than late Carboniferous
times, when the whole Appalachian province was greatly dis-
turbed; it may be inferred that the Cuttingsville eruptives do not
antedate the close of the Carboniferous period. Similar in-
trusions, at Ascutney Mountain, not more than 25 miles distant,
are regarded as probably of post-Carboniferous and pre-Creta-
ceous age.*

PETROGRAPHY
COUNTRY ROCKS

Gneisses.—The gneisses are of two kinds a basic hornblende-
pyroxene gneiss and mica gnciss which is more or less granitic.
The former is the more abundant in the immediate neighbor-
hood of the eruptives, and more study has been devoted to it
on that account. It is typically a heavy, rather dense, fine- to
medinm-grained, black rock weathering a streaked or speckled
brownish gray. The thin section shows about equal amounts of
olive-brown to green hornblende and pale greenish pyroxene.
In addition therc is subordinate brown biotite and plagioclase
with some orthoclase and doubtful quartz. Magnetite and
apatite are accessory. The rock is inferred to be a metamor-
phosed eruptive of gabbroid, diabasic, or basaltic character.

Limestone.—The limestone (L, Plate XVI and fig 10) varies
considerably in texture, mineral content, and degree of metamor-
phism. It is quite subordinate to the gneisses as a member of
the country-rock series. It crops out at four localities about
the main eruptive body and also about one-half mile west of
the area of breccia shown in fig. 10. An outcrop of limestone
one-half mile south of the area of breecia is not indicated in fig 10.

The limestone on the southwest slope of Granite Hill and on
Mill River varies in color from bluish gray through cream to
white. It is fine grained although the sparkle of the calcite cleav-
age is distinctly visible. It effervesces freely with dilute hydro-
chloric acid. Under a hand lens grains of quartz and particles
which are probably graphite are noticeable.

On the southwest slope of Copperas Hill (Plate XVI), one or
more bands of crystalline limestone follow the easterly to' north-
easterly strike and high dips of the enclosing gneisses. One of
the bands has an exposed width of 20 feet. In working the

*R. A. Daly, U. 8. Geol. Surv., Bull. 209, p. 21, 1903
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pyrrhotite bodies, which replace limestone along the belt of tin-
guaite dikes on this slope of Copperas Hill (Plate XVI), cuts have
been made in masses of limestone, 5 to 15 feet thick, associated
with hornblende. gneiss. This limestone is light bluish gray to
white in color, fairly coarse grained, and distinctly metamorphic.
The metamorphism is presumably due to regional rather than
igneous contact action. Hand specimens show, besides calcite,
generally considerable muscovite or sericite, and more locally,
abundant flakes of graphite. Some bands carry much tremolite
or wollastonite developed in short prisms and fibers along the
planes of schistosity. All samples effervesce freely with dilute
hydrochloric acid.

One-half mile southeast of the Granite Hill cruptive body,
a bed of coarsely crystalline tremolitic limestone about 15 feet
thick is associated with quartzite and hornblende and mica
gneisses, and is cut by a dike of camptonite or essexite porphyry.

The limestone indicated in fig 10 varies from light gray
and medium grained with occasional graphite flakes, to cream
white and decidedly coarse grained, with quartz veins and
considerable muscovite. There is a notable amount of limestone
altogether, although it soon passes into sericitic schist.

Quarizite—Micaceous quartzite forms a few thin beds or
lenses in gneiss and limestone. Granular quartzite is relatively
abundant as fragments in the breccia, and as xenoliths in the
essexite of the northern eruptive area.

Schists.—Sericitic, chloritic, and tremolitic schists occur only
as thin bands between much thicker beds of quartzose gneiss,
hornblende gneiss, and crystalline limestone.

STOCK ROCKS

The rocks of the stocks will be described in the order from
oldest to youngest, which is also the order from basic to acid.
Essexite—(Plate XVI and fig 9). Fresh essexite is exposed
in cuts on both sides of the crest of the central part of Granite
Hill and along the path to the quarry, near the top of the hill. It
varies from a mnearly black, fairly uniform, medium- or coarsc-
grained gabbroid rock, to a gray, more or less porphyritic phase.
The type phase was taken for study from an open cut or pit
(P, Plate XVI) on the southwest side of the crest of the middle
part of Granite Hill, less than 1000 feet south of the hornblende-
biotite syenite quarry, (Q 2, Plate XVI). The same phase has
been freshly cut on the other side of the crest along the path, near
the quarry, and rock much like it is exposed by Mill River at the
east foot of the south knob. It is dark colored, sometimes almost
black, and usually coarse grained. Barkevikitic hornblende, show-
ing luster-mottling, is generally prominent in the hand specimen.
Thin sections show coarse grain and hypidiomorphic-granular
texture. About sixty per cent of the rock is feldspar, mostly
plagioclase, ranging from Ab, An, to Ab, An,. From five to ten
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per cent of the rock is orthoclase, which appears in small- and
medium-sized grains and irregular areas somctimes intergrown
with, enclosing, or embaying the plagioclase. The other essentials
are hornblende, pyroxenc, and biotite, in nearly equal amounts.

Of the dark-colored mincrals, barkevkitic hornblende is most
notable.  Its optical propertics are sensibly identical with those
of hornblende in the hornblende-biotite syenite, and will be stated
at length in the description of that rock.  The pleochroism of the
hornblende of the essexite shows, however, more reddish or chest-
nut tints in the darker colors. Poikilitic inclusions of pyroxene
and, in less amount, biotite and olivine give rise to the luster-
mottling visible in the hand specimen.

Pyroxenc is represented by augite of two colors, pale green
and pale brown. The colors appear separately or sometimes
together in the same grain. A pale brown center may be bordered
by pale green, with a zonc of inclusions of magnetite and horn-
blende between the two colors. The differently colored parts
are optically continuous and extinguish together. When oc-
curring separately, a maximum extinetion angle of 44° for the
green and 37° for the brown was observed. The augite and horn-
blende arc remarkably intergrown, the latter surrounding augite
which in turn incloscs grains of hornblende.,

Biotite is in thick tables, besides forming striking intergrowths
with hornblende. Its plecochroism ranges from palc yellow to
chestnut and deep brown or nearly black. Olivine in occasional
large grains, partly serpentinized, enters the list of accessory
mirerals, which also includes magnetite, titanite, apatite, pyrite,
and probably pyrrhotite. One of the sections includes an
irregular arca of what is possibly cancrinite derived from
original nephelite. This is the only suggestion of the presence
of nephelite, indicating that it is seldom, if at all, a constituent.

Texture and mincralogical composition place the rock among
the alkali-gabbros under the head of essexite. Chemical analysis
supports this conclusion.

I 1I 111 v \Y VI VII
Si(ﬁ2 4647 46,99 4885  44.00 49.96 47.90 48.64
Ti0, 2.86 2.92 2.47 1.90 2.40 1.91 1.86
Al O, 16.86  17.94 19.38 27.73 18.83 16.55 17.96
Fe, 0, 3.21 2.56 4.29 2.36 2.52 5.67 4.31
Fe 7.72 7.506 4.94 3.90 6.64 7.50 5.58
AnO 0.23 Trace 0.19 0.08 0.20 0.60 0.19
MgO 5.16 3.22 2.00 2.30 3.562 4.44 4.00
CaO 9.45 7.85 7.98 13.94 7.42 9.35 8.89
Na,O -+.20 G.35 5.44 2.36 5.26 3.23 4.30
K.,O 1.35 2.62 1.91 0.45 2.58 2.08 2.28
H,04 0.45 0.65 0.68 0.80 0.07 0.20 1.34
H,0— 0.04 0.53
P, 0, 1.15 0.94 1.23 0.20 0.25 0.32 0.65
CO, Trace
ZrO, None
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SO, None not det.
Cl 0.06
F 0.10
Cr,O4 None
BaO Trace
SrO 0:04
FeS, 0.21
Fe,S, 0.08
Li,O None
Sum 99.64 99.60 99.36 100.01 100.18 99.75 100.00
Specific gravity 2.919 ) ) .
I =Essexite, type phase (andose), Cuttingsville, Vt., H. E. Merwin,
analyst. :

IT =Essexite (essexose), Salem Neck, Esscx Co., Mass.
ITI = Normal essexite (andose), Mt. Johnson, Quebce.
IV =Esgsexite (hessose), Brome Mt., Quebec.
V =Esscxite (salemose), St. Hilaire Mt., Quebec.
VI =Essexite (camptonosc), Toftcholmen, Norway.
VII =Essexite (average of 20 analyses, R. A. Daly, in “Ignecous Rocks and
Their origin,” 1914, p. 30). ~

The rock is an andose, allied to camptonose, with the follow-

ng norm:

Orthoclase. ... ..... .... 7.78 Olivine.................. 9.93

Albite........... ... ... 27.25 Magnetite. ............... 4.64

Anorthite.............. 23.35 Tlmenite................. 5.47

Nephelite............ .. 4.54 Apatite............ . ... 2.48

Diopside . ... .. e 13.07 Water, eteo. ... .98
99.49

Comparison of the Cuttingsville essexite shows its close
similarity to the type from Essex County, Massachusetts, and
to the varieties of essexite from the Monteregian Hills, Quchec.
The likeness in chemical composition to the essexite from Tofte-
holmen, Norway, is but one example of a striking chemical
similarity between the Cuttingsville rocks and some of thosc of
southern Norway.* The table facilitates comparison with the
average essexite as computed by Daly from twenty analyscs.

One of the variations from the type phase apparently results
from the local impregnation and partial assimilation of essexite
by pulaskite. Hand specimens usually show dikelets and
streamers of this syenite, traversing cssexite. The color resulting
from the combination of pulaskite with essexite is lighter and the
grain less uniform than in simple essexite. Idiomorphic horn-
blende and more or less definitely bounded feldspar are some-
times noticeable. A characteristic feature is an abundance of
titanite. Sections show a greater proportion of feldspars than
simple essexite. About seventy per cent is feldspar, of which
approximately one-third is orthoclase and two-thirds plagioclase,
of a composition intermediate betwcen basic orthoclasc and an-
desine. There is some microperthite, and possibly a.ltered neph-
elite and cancrinite. The remaining chief constituents are

*Brogger, W. C. “Die Eruptivpesteine des Kristianiagebietes’” Vidensk.
Skrifter I, No. 4, 1894; No. 7, 1895; No. 6, 1897.
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hornblende, sometimes surrounded by, and intergrown with,
olive-brown biotite, and augite poikilitically inclosed in horn-
blende. The rock may be regarded as a more acid essexite
which, with the hornblende-biotite syenite itself, occurs in the
series between cssexite and pulaskite.

On the north knob of Granite Hill, an extremely coarse-
grained phase of essexite is developed. It is largely eomposed of
prisims of hornblende, some upwards of two inches in length.
A little biotite is visible in hand specimens. The amount of
feldspar varics. Towards pulaskite contacts the proportion of
feldspar increases, and the rock grades into a very coarse
hornblende-biotite syenite. This gradation is quite clearly shown
near the crest of Granite IHill, from the north knob to the molyb-
denite prospect, (M, Plate XVI.)

Porphyritic phases form important parts of the more ex-
tensive esscxite areas. They are also cxposed as smaller masses
which appear to be apophyses and detached portions of the main
bodies. The groundmass varies from coarse to almost aphanitic.
The phenocerysts are usually hornblende, commonly an inch or
two in length, frequently much less, and sometimes very much
greater. Inone case the measured dimensions of a hornblende
phenocryst were fifteen by cight inches.  Biotite appears, with or
without hornblende, usually in the groundmass. The por-
phyritic phases quite gencrally carry large and small inclusions,
apparently of the coarse phases of essexite and hornblende-biotite
syenite. These inclusions are not always so sharply defined as ac-
companying inclusions of the country rocks, but they seem to
demonstrate an intrusion of porphyritic cssexite into an earlier in-
trusions of more uniformly coarse-grained essexite and possibly
syenite. The blurred outlines of the inclusions suggest that the
interval between the earlier and the later intrusion was compara-
tively short.

Hornblende-biotite syenite (2, Plate XVI and fig 9).— Horn-
blende-biotite syenite is of smaller total area than most of the
other plutonic types. Its principal exposures arc near the crest
of the central part of Granite [ill, where a small quarry was
opened about 25 years ago.

The type phase taken from the quarry (Q 2, Plate XVI), is
moderately coarse-grained, almost white in ground color, and
abundantly specked with black amphibole and mica. Occasion-
ally a slightly darker-colored, finer-grained, indistincet patch or
schlier, a few centimeters in dimensions, appears in the hand
specimen.

In thin section, the hornblende-biotite syenite shows a hypi-
diomorphic, medium to coarse, granular tcxture. ighty per
cent or more is fcldspar, of which the bullk is plagioclase, in com-
position intermediate between basic oligoclase and andesine.
About one-third of the feldspar is orthoclase, some of which is
intergrown with plagioclase.

After the feldspar, amphibole is most notable. It appears
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in well-defined prisms, commonly twinned. The pleochroism is
distinctive, green to greenish brown in the direction of the ¢ axis;
dark greenish brown to almost black parallel to the & axis;and
pale vyellow parallel to the ¢ axis. The absorption scheme is 6>
(nearly =) ¢>>a. The extinction angle on (110) cleavage pieces is
12°. 9F =70°—S80° or less. A calculation of the angle of extine-
tion on (010) gave 8°. The specific gravity, by pycnometer, at
20° C., is 3.518. Thesc characteristics taken together indicate
a soda-amphibole near barkevikite.

In order to check the optical determination of the amphibole
a chemical analysis of the amphibole was made by Professor C.
D. Test of the Department of Chemistry of the Colorado School
of Mines. (ood material was obtained by the usual modes of
separation from the rock powder. The analysis resulted in the
values given in column I of the following table, in which those
for related amphiboles are also entered:

1 11 1171 v \Y VI
510, 38 04 288.633 40.10 42.46 42.27 38.41
TiO, 1.06  5.035 4.35 (InSi0,) 1.01 1.26
Al, Oy 13.50 11.974 10.88 11.45 6.31 16.39
Fe, O, G.21 3.903 7.81 6.18 6.62 3.75
FeO 15.85 11.523 0.66 19.93 21.72 21.75
MnO 1.21  0.729 0.15 0.75 1.13 0.15
MgO 7.26  10.200 Q.74 1.11 3.62 2.54
GCa0 12.42 12.807 12.60 10.24 9.68 10.52
. Na,©O 3.21  3.139 3.18 6.08 3.14 2.95
K,0 1.68 1.489 1.60 1.44 2.65 1.95
H,O(by ignition) 0.48  0.330 0.00 0.48 0.24
F 0.31
P,0; 0.63
Sum 100.92 99.762 100.01  99.64 98.63  99.96

I=THornblende from Cuttingsville hornblende-bioiitc syenite, C. D.
Test, analyst.
IT =Hornblende from Mt. Johnson, Quebec, essexite, F. D. Adams, Jour.
Geology, vol. 11, p. 260, 1903.
11T = Hornblende from Heum, Norway, heumite, J. P. Idings, “Rock Min-
erals,”” 1906, p. 338.
r —Barkevikite from DBarkevik, Norway, nephelite sycnite, ibid, p. 339.
TV =Barkevikite from Barkevik, Norway, syenite, ibid, p. 339.
V1 = Barkevikitic hornblende from Square Butte, Montana, sodalite syenite,
L. V. Pirsson, U. S. Geol. Survey, Bulletin 237, p. (7, 1905.

Chemically as well as optically, this Cuttingsville amphibole is
seen to be a barkevikitic hornblende.

Chicef among the remaining minerals, in thin scctions of the
type phase of the Cuttingsville hornblende-biotite syenite, is
brown biotite which is present in amount ncarly equal to horn-
blende. There ‘are occasional triangular and irregular arcas,
filled with alteration products probably derived from nephelite,
which is not otherwise represented in the type phase of the s yenite,
though visible to the naked eye in coarser-grained scgrega-
tions to be described hercafter.  Apatite, titanite, magnctite,
zircon, and pyrite are accessory.
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The abundant plagioclase allies it to monzonite, but the
ratio of dark silicates to feldspar warrants the designation of the
rock as a hornblende-biotite syenite. Itsanalysis is given in the
following table (column I), which introduces relevant analyses
from similar rock bodies and also the average analysis of laurvi-
kite:—

1 11 11T v v VI VII

510, 57.44  B7.44  59.96 59.01 56.85 57.12 57.45
TiO, 0.69 1.97 0.66 0.81
AL O, 21.60 19.43 19.12 18.18 21.56 21.69 21.11
Fe,O4 0.20 1.69 1.85 1.63 3.44 1.63 2.89
FeO 2.62 2.70 1.73 3.65 1.14 3.65 2.39
MnO 0.14 0.25 0.49 0.03
MgO 1.09 1.16 0.65 1.05 0.85 1.55 1.06
CaO 2.90 2.66 2.24 2.40 5.26 4.03 4.10
Na,O 7.36 6.48 6.98 7.03 6.07 5.93 5.89
K,O 4.12 4.28 4.91 5.34 3.66 3.48 3.87
H,0+ 0.58 1.03 1.10 0.50 0.52 0.58 0.70
H,0— 0.03 0.15
P,O; 0.38 0.60 0.14  Trace 0.54
CO, 0.39
70, 0.02
SO, None notdet. 0.08
Cl1 0.07 Trace 0.14 0.12
I 0.05
Cr, 04 None
BaO 0.26 notdet. 0.12 0.08
SrO 0.04
FeS, 0.15
Fe,S, 0.14
Li, O None

Sum 100.27  99.69 100.17  99.98 99.35 99.66 100.00

I =Hornblende-biotite syenite, type phase (laurvikose), Cuttingsville,
Vt., H. E. Merwin, analyst.
I1 = Pulaskite (laurwkose), Mt. Johnson, Quebec.
111 = Pulaskite (laurvikosc), Shefford Mt., Quebce.
IV =Umptekite (umptekose), Red Hill, Moultonboro, N. H.
V = Laurvikite (laurvikosc), Notterd, Norway.
VI =Laurvikite (laurvikose), Frederiksviirn, Norway.
VII =Laurvikite (average of 3 analyses, R. A. Daly).

11, HI Quoted from F. D. Adams, Jour. Geology, vol. 11, p. 271, 1903.
IV, \' VI ‘" Washington, . S., “Chemical Analyses of Ig-
neous Rocks”: U. 8. Geol. Surv., Prof. Paper 14, pp.

253, 203, 1903.

VII ¢ “ Daly, R. A.,“Igneous Rocks and Their Origin”’, p 23.

The norm (laurvikose) was calculated to be:
Orthoclase.................... 24.46 Ilmenite............. 1.36
Albite. ... ... ... .. ... ..., 44 .01 Magnetite. . ......... 0.23
Nephelite..................... 9.94 Corundum........... 0.31
Anorthite............. ... ... 12.81 JApatite.......ooL L 0.93
Olivine....................... 4.75 Water, etc. 1.47

100.27
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A coarse-grained phase of this syenite is best shown in a
narrow belt between essexite and pulaskite, extending for a part
of the distance between the summit of the north knob and _the
molybdenite prospect (M, Plate XVI) near the crest of Granite
Hill. Hornblende in prisms, occasionally upwards of two inches
in length, is the most prominent constituent. Flakes of biotite,
sometimes half an inch across, are sparsely scattered through the
rock. Titanite and pyrite are visible without a lens. As the
proportion of feldspar, much of which is plagioclase, diminishes,
the rock becomes dark colored and gabbroid, and grades into
coarse-grained essexite.

A strongly biotitic phase of medium grain, and with a some-
what greater proportion of dark silicates than in the type phase,
is exposed along the railroad in the first eruptive area north of the
Granite Hill area (Plate XVI).

In the hornblende-biotite syenite of the quarry on Granite
Hill (Q 2, Plate XVI), foyaitic schliers are not uncommon. Some
appear to be segregations. Others are more sharply defined, elon-
gate, and dike-like. They are usually small, but may attain a
width of several inches and a length of two or three feet. The
larger are coarse grained, with gray nephelite, sometimes an inch
or more in diameter, white or pearl gray feldspars, and an occa-
sional biotite flake or hornblende prism. Thin sections of these
schliers show microperthite, some plagioclase, nephelite, colorless
sodalite, hornblende, titanite, and magnetite. In the finer-
grained rock there also appear olive-brown biotite, pyrite, and
possibly cancrinite and zircon as subordinate accessories.

Pulaskite (3, Plate XVI and fig. 9)—This rock is usually coarse
grained and much weathered. The type phase is essentially a
coarse-grained aggregate of hypidiomophic, gray-white feld-
spars which weather cream-white, yellowish, or brownish. Bio-
tite is generally present, becoming abundant in some varieties.

A thin section of comparatively fresh rock from the exposure
along Mill River, at the east foot of the south knob of Granite
Hill, shows the rock to be composed chiefly of microperthitic
feldspar with a little orthoclase. One area probably represents
cancrinite derived from original nephelite. A little nephelite is
almost certainly present in some other hand specimens. Tita-
nite, magnetite, pyrrhotite, apatite, and zircon are accessory; the
sulphides and titanite are sometimes macroscopically visible.

Some of the weathered rock from the upper southward slope
of the north knob of Granite Hill appears to carry a little augite,
as well as some biotite. If so, it approaches augite syenite in
composition, but is decidedly more feldspathic and coarser
grained than the typical augite syenite or nordmarkite (5, Plate
XVI) of the northward slope of the north knob. It has been a
difficult matter to draw.a line between the two in mapping their
respective areas. It is possible that there is no such line, and
that the pulaskite and nordmarkite are really one body, more
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augitic and nordmarkitic on the north and more feldspathic and
pulaskitic on the south.

Coarse-grained phases of pulaskite are very strikingly de-
veloped near the crest of the middle part of Granite Hill,
as ill-defined, apparently northward-trending streaks or schliers,
about a foot wide, in syenitc not quite so coarse. The rock is
practically all feldspar, in chunks or rough crystals, some upwards
of two inches in length. A moteworthy point about some of the
coarse-grained phases of the Cuttingsville eruptives is their prox-
imity to eruptive contacts suggesting that their coarsencss of
grain is partly due to the action of gases emanating at contacts.

Biotitic phases of the pulaskite develop near contacts with
essexite. This is notably the case on the north knob of Granite
Hill, and in the exposures along Mill River at the east foot of the
south knob. A peculiar coarse biotitic phase is developed in
small amount between essexite and normal pulaskite in the pit
(P, Plate XVI), south of the quarry. Similar rock with
the same association of csscxite and normal pulaskite and in
limited amounts is exposed beside the path near the quarry.
Penetrating the usual coarse, hypidiomorphic, gray-white feld-
spars are skeleton flakes of biotitc up to one inch in diameter.
The flakes are quite numerous and lie in various attitudes. Con-
sequently, a broken surface of the rock shows a number of
roughly radiating black lines, which are the traces of wide flakes
broken across. DBesides these, some flakes, luster-mottled as a
result of their skeletal structure, appear full face.

Fine-grained and porphyritic phases of pulaskite appear
frequently along contacts. The pulaskite of the two small
eruptive arcas, (PlateXVI), north of the Granite Hill area is
mostly medium grained.

Sodalite-nephelite syenite (4, Plate XVI and figure 9)—The
sodalite-nephelite syenite at the railroad cut is a holocrystalline,
moderately coarse-grained aggregate of light gray feldspar of
tabular habit, rather frequently in Carlsbad twins, with in-
terstitial black pyroxene and brownish nephelite. Minute grains
and small masses of pyrite are disseminated through the rock.
Blue sodalite is rarely discernible in a hand specimen.

Thin sections show about ninety per cent of feldspar, of which
upwards of one-half is microperthite, orthoclase, and microcline.
Both the orthoclase and microcline are somewhat microperthitic.
Some form of microperthite is thus the chief feldspar. A part is
possibly anorthoclase. The plagioclase is near albite in com-
position. Colorless sodalite forms angular and veinlike areas
between and penetrating the feldspars. The chemical analysis
indicates its amount as about threc per cent.

The nephelite, in nearly equal abundance, is in various stages
of alteration to cancrinite, zeolites, and muscovite. Pyroxene
is next to the feldsparsin abundance. . Itis a pleochroic variety,
the color ranging from pale yellowish green through olive-green
to green. Extinction anglcs indicate an aegirite-augite some-
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what nearer aegirite than augite. There is some biotite bor-
dering, penetrating, and included in the acgiritc-augite. The
order of crystallization is given in the following list which also
shows the nature of the accessories: (1) apatite; (2) magne-
tite, titanite, and possibly pyrite; (3) biotite; (4) acgirite-
augite; (5) plagioclase; (6) sodalite, nephclite, and most of the
feldspars.

The chemical analysis (column I of the following table)
agrees with the mineralogical composition in referring the rock
to the sodalite-nephelite syenites. For convenience the analyses
of other types are also entered:

) I 11 111 v A% VI

Si0, 60.88 56.45 60.20 60.13 58.61 61.86
TiO, 0.35 0.29 0.14 1.15 1.10 0.15
Al O, 20.756 20.08 20.40 20.03 21.12 19.07
Fe, O, 0.63 1.31 1.74 2.36 2.62 2.65
FeO 1.13 4.39 1.88 1.33 1.14 1.49
MnO 0.22 0.09 Trace Trace Trace 0.01
MgO 0.17 0.63 1.04 0.76 0.79 0.55
CaO 1.08 2.14 2.00 0.87 0.62 1.47
Na,O 6.35 5.61 6.30 6.30 7.85 6.45
K,0 5.57 7.13 6.07 5.97 5.93 5.75
H,04 0.88 1.51 0.23 1.41 1.01 0.47
H,0— 0.03 0.26 0.10 0.16
P,O; Trace 0.13 0.15 0.06 Trace 0.08
CO, 0.61 None  None
ZrCy, Tracc Trace 0.05
SO, . None 0.13 0.14
Cl 0.18 0.43 0.09
F 0.05
Cr, Oy None
BaO 0.02
SrO Trace
FeS, 0.61
Fe.Sg 0.13
Li,0 None

Sum 99.64 100.45 100.47 100.72 100.79 100.00

I =Sodalite-nephelite syenite, type phase (nordmarkose), Cuttingsville,
Vt., H. E. Merwin, analyst.
11 =Sodalite syenite (pulaskose), Square Butte, Mont.
11T = Pulaskite (pulaskose), Fourche Mts., Ark.
IV =Foyaite (phlegrose), Fourche Mts., Ark.
V = Acgirite—kataforite foyaite (miaskose), Heum, Norway.
VI =DPulaskite (average of 5 analyses, R. A. Daly).
II, 111, IV, V. Quoted from Washington, H. S., U. S. Geol. Surv., Prof.,
Paper 14, pp. 201, 199, 195, 211, 1903.
VI “ ‘“  Daly, R. A, “Igneous Rocks and Their Ori-
gin”', p. 22.
The rock is a nordmarkose, near phlegrose, with the following

norm:

Orthoclase. ... ............... 32.80 Magnetite. ........... .93
Albite......... ... ... .. ... .. 55.45 Tlmenite.............. .61
Anorthite............. ... ... 5.28 Corundum............ 2.35
Hypersthene................. 1.72 Water, etc. 2.51

99.65
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A comparison of columns I, 11T, and VI tends to support the
view that the sodalite-nephelite syenite is a phase of the Cuttings-
ville pulaskite.

Augile syenite (nordmarkite) (5, Plate XVI).—In the middle
of the last century, during the construction of the railroad,
openings were made in the north end of Granite Hill and a con-
siderable amount of stone quarried for bridge foundations.
This stone is popularly known as green granite from its light
olive-green color. The grain is usually medium, but there are
fine-grained and decidedly coarse-grained phases. In total areal
extent it is probably second only to the pulaskite. The type phase
is a medium-grained aggregate largely of hypidiomorphic feld-
spar. Grains of black augite and occasional small grains of
quartz are usually discernible. The rock, on the fresh fracture,
is bluish gray to gray-green in color. This color changes in a
few weeks indoors to olive or brownish green.* The change is
presumably due to the oxidation of iron sulphide or some other
substance disseminated through the feldspar. The rock vields
a strong sulphurous odor while being broken. Outdoor weathering
rusts the rock surface, finally changing the color to pale buff or
very light brown.

In thin section, the texture is holocrystalline, hypidiomor-
phic granular.  Seventy-five per cent or more is feldspar, of which
microperthite is most notable and is accompanied by microcline,
probably anorthoclase, orthoclase, and a little albite. Green
augite, locally rimmed with green hornblende, is chief of the
remaining minerals. With it there is some acgirite-augite whose
extinction angle approaches that of aegirite. An occasional
large grain of olivine (fayalite?), more or less serpentinized, and a
little primary quartz, in distinct grains, are usually present. Mag-
netite, possibly some ilmenite, zircon, and apatite are accessory.
A single large crystal, possibly allanite, was noted in one section.

The mincralogical composition indicates that the rock is an
augite syenite of the nordmarkite group, a conclusion borne out
by a comparison of its chemical analysis (column T of the follow-
ing table) with other nordmarkitic types and with average
nordmarkite (column VII.) :

1

11 III v \Y% VI VII
510, 67.30 65.43 65.43 60.45 66.13 67.99 64.36
TiO, 0.17 0.16 0.50 0.74 0.45
Al,O, 17.44  16.96 16.11 20.14 17.40 17.54 16.81
Fe, O, 1.56 1.55 1.15 3.80 2.19 1.17 1.08
FeO 1.76 1.53 2.85 notdet. not det. 0.82 2.71
MnO 0.16 0.40 0.23 0.13 0.15
MgO 0.14 0.22 0.40 1.27 0.04 0.13 0.72
CaO 1.00 1.36 1.49 1.68 0.81 1.44 1.55
Na,O 7.08 5.95 5.00 7.23 5.28 4.92 5.76
K,O 4.78 5.36 5.97 5.12 5.60 5.78 5.62
H, 0+ 0.05 0.82 0.39 0.71 1.22 0.05 0.70
H,O0— 0.05 0.19
P,0, 0.04 0.02 013 . 0.09

*This remarkable behavior is paralleled in the case of the nordmarkite of
Ascutney Mountain. (Sce R. A. Daly, U. S. Geol Survey, Bulletin 209,
. 51, 1903).
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None Trace
(Z:% 0.08 0.11
SO, None 0.06  None
1 0.04 0.05
F ' 0.08
BaO None 0.03
SrO Trace
FeS, 0.07
Li, O Strong trace
Sum 101.61  99.86 100.18 100.40 99.54 99.84 100.00
Specific gravity 2.659

I =Augite syenite, nordmarkite, type phase (nordmarkose), Cuttings-
ville, Vt., C. D. Test, analyst. i
IT =Nordmarkite (nordmarkose), Shefford Mountain, Quebec. -
111 =Hornblende-biotite nordmarkite (phlegrose), Ascutney Mountain, Vi.
IV =Nordmarkite (laurvikosc), Annerdd, Norway.
V =Akerite (phlegrose), between Thinghoud and Fjelebua, N'ﬁrway.
VI =Quartz nordmarkite (toscanose), Halasag, Ditro, Siebenbiirgen, Hun-

gary.
VII =Nordmarkite (average of 7 analyses, R. A. Daly).

II Quoted from Dresser, J. A., Amer. Geologist, vol. 28, p. 209,

1901.
111 ‘ “ Daly,R. A, U.S. Geol. Surv., Bull. 209, p.59,1903.
IV, V, VI o “ Washington, H. S., U. S. Geol. Surv. Prof. Paper
S 14, pp. 171, 195, 203, 1903. L
VII ‘“ “ Daly, R. A., “Igneous Rocks and Their Origin’’,

p. 22.

The rock is nordmarkose, with the following norm:

artZ. ... 5.40 Hypersthene. ... .. .. . 4: E;
81rlthoclasc ................... 28 .36 I\’Iagnf:ute ........... 2. :73
Albite. ... 59.74 “Tlmenite. ............ .30
Anorthite.................... 1.67 Water, ete............ .29
Diopside.......... ... ... 2.85 -
101.065

Hand specimens of the Cuttingsville augite syenite and the
Ascutney Mountain nordmarkite very closely resemble cach
other and the Shefford Mountain nordmarkite. The resem-
blance is so close that hand specimens of the three are practically
indistinguishable. Although the Cu‘gtmgsvﬂle rock contains
the highest per cent of silica, thin sections of the Ascutney rock
seem to show the most quartz, and thin sections of the Cuttings:
ville rocl the most augite. The Shefford Mountain rock, judged in
this manner appears to be intermediate between the other two.

The Cuttingsville augite syenite has a quarts-bearing phase.
It is apparently quite subordinate to the type phase, and occupies
no well-defined area. Generally it is developed as a selvage a
a few feet in width, along the contact of the augite syenite and
the country rocks. It is usually finer grained than the type phasc,
but the quartz is always distinctly visible, sometimes forming a
considerable part of the rock. With diminution of the propor-
tion of dark silicates, the finer-grained rock becomes quite
aplitic. Some of it of aplitic or paisanitic habit, occurs in narrow
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dikelets and strecamers cutting the type and coarser phases
Green hornblende, with accessory quartz, is notable in certain
thin sections. Part of the hornblende is probably secondary
The presence of hornblende and quartz allies this phase to the
Ascutney Mountain nordmarkite, and less closely to the Shefford
Mountain nordmarkite.

Near the summit of the south knob of Granite Hill, a por-
phyritic syenile, tentatively mapped as nordmarkite (5, Plate
XVI) is closely associated with essexitc not far from the coyuntry—
rock contact. Apparently it is a border development of the
eruptive body, and of small extent.

In the zone between nordmarkite and essexite, on the upper
north slope of the north knob of Granite Hill, the nordmarkite
becones increasingly biotitic. Some of it also carries roughly
idiomorphic hornblende and plagioclase, which are sometimes
arranged in flow lines. The rock grades from medium grained
to fairly fine, and from granitic to porphyritic. It becomes so
much like the adjoining essexite that the actual contact is some-
what indistinct. The contact rock is perhaps best classified as an
essexite-nordmarkite hybrid.

DIKE ROCKS

Essexite porphyry.—The apophyses from the essexite are
generally porphyritic. Petrographically this essexite porphyry
has no special peculiarities worthy of detailed statement. Horn-
blende and biotite, alone or together, are the chief phenocrysts.
ai i\"]cph]elfz'z;e. sye_m'tc}.l——ﬁxs already noted, nephelite syenite forms

ike-likc bodies in the hornblende-biotite syenit
O e S venite of the quarry

Swvenite porphyry.—DPulaskite porphyry and nordmarkite
porphyry are developed at the horders of both the pulaskite and
nordmarkite masses. Reference has already been made to por-
phyritic phascs of pulaskite and nordmarkite. These phases pass
into pulaskite porphyry and nordmarkite porphyry at contacts
and in apophyses, by increase of groundmass. Some of the
pulaskite porphyry is apophysal from the main pulaskite body
but other masses form dikes which seem to be distinctly later
intrusions. Two or more of these later dikes are exposed in the
pit (P, in Plate XVI) south of the quarry (Q 2, Plate XVI).
They appear to cut essexite and probably also biotitic pulaskite.

Zircon-rich pulaskite porphyry—At the foot of the eastern
slope of the north end of Granite Hill, about 200 feet downstream
from a short tunnel (T, Plate XVI), a dike of coarse trachytic
rock is exposed from the bank of Mill River 40 feet up the steep
slope. Thed ike cuts green, quartz-bearing, augite syenite, which
is brecciated at the lower contact and receives branch dikelets.
The main dike has a thickness of appreximately 12 feet, and dips
about 507 S. . About 125 feet upstream, an irregular dike of
similar rock, with a maximum width of 15 feet, extends 10 feet
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up the slope. Downstream from the main dike, near a dam,
similar rock is again exposed. All threc of these exposures may
belong to the same dike.

The rock of the main dike shows strong contact chilling.
The sections studied are of the coarse-grained, middle phase.
Specimens of this phase show broad, half-inch tablets of gray
feldspar, slender prisms and small grains of black pyroxene, and
less frequent, small, hexagonal, and irregular flakes of black mica,
in a fine to medium-grained mass of feldspar, black pyroxenc, and
black mica. Peldspar greatly predominates, giving the rock its
light gray color.

Thin sections show roughly idiomorphic feldspar and pyrox-
ene in a granular mass including feldspars, pyroxene, biotite,
magnetite, acicular zircon, titanite, apatite, little hornblende,
and possibly nephclite (or sodalite), corundum, and fluorite.
About 90 per cent of the rock is feldspar, chicfly anorthoclase,
with orthoclase, microperthite, and subordinate oligoclase (Ab,
An,). Detween and penetrating the feldspar are irregular arcas
of zeolites, or other secondary minerals, which may have been
derived from nephclite or sodalite. Augite, occasionally with
outer zones of aegirite-augite, or aegirite, 1s the principal colored
mineral.

Mineralogically the rock is a zircon-rich pulaskite porphyry.
Its complete chemical analysis was not attempted. Dr. H. E.
Merwin, however, tested it for sirconia in order to check the
microscopic evidence of abundant zircon. He found sufficient
Jircona for at least 1 per cent of zircon. He also determined the
percentages of soda and potash as, respectively, 7.32 and 4.81.

A plite—Narrow aplitic dikes of paisanitic quality cut the
coarse and medium phases of the augite syenite. They also
penetrate, for short distances, the country gneisscs to the west.

Tinguaite—The locations of tinguaite dikes arc shown in
Plate XVI. At the foot of the eastern slope of the south knob
of Granite Hill, along the bank of Mill River, a complex of
syenitic and essexitic rock-phases is cut by numerous dikes of
syenite porphyry, tinguaite, and camptonite. A tinguaite dike
(D, Plate XVI), towards the downstream end of the exposure,
carries remarkably fresh rock, sclected for chemical analysis.
The dike, about one foot wide, dips 80° W.N.W.

The hand specimen has a medium-gray color, a densc finc-
grained texture, and a superficial resemblance to blue quartzite,
though of duller luster. A few, small, phenocrystic laths of
feldspar are discernible. In the groundmass, ncphelite is
sufficiently abundant to yield much gelatinous silica when the
powdered rock is treated with hydrochloric acid.

The thin section shows well-formed phenocrysts of anortho-
clase and microperthite in a fine granular groundmass. The
groundmass carries some fairly distinct laths of feldspar and
prisms of pyroxene. The remaining feldspar, pyroxene, and
most of the other minerals are allotriomorphic. Orthoclasc and
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nephelite appear in roughly equal amounts, with plagioclase
(albite) apparently somewhat less than either. ’
Reckoning groundmass and phenocrysts together ninety

per cent or more of the rock is feldspar and nepheli‘ée. The
nephelite is seen to enclose minute orthoclase crystals. There are
occasional grains of cancrinite. A colorless mineral in irregular
and vein-like patches is probably sodalite; a little chlorine re-
ported in the analysis may thus be accounted for. Pyroxene is
represented by two varieties. One is pleochroic, in colors from
yellowish or brownish to green.  Extinction angles run up to 20°
These characters, together with the proper elongation indicate
an acgirite-augite. The other, less abundant, is a ver,y pale or
colorless variety, apparently diopside. The accessories are mag-
netite, titanite, zircon, and rarc apatite.

The chemical analysis of this tinguaite (miaskose) and its
parallcls are stated in the accompanying table: )

) I 11 111 v s
Sl.()z 57.64 55.68 54.22 55.06 55. 4?)'] 56\/ {38 55V(I);
TiO, 0.15  0.60 0.38 0.20 ' 0.36
A‘le,, 23.31  20.39 20.20 23.20 24.49 19.89 20.42
Fe,Of 1.22 2.10 2.35 3.29 2.63 3.18 3‘06
FeO 0.55 1.95 1.02 notdet. 1.06 0.56 1A82
MnO 0.10 0.31 0.19 Trace 0.47 0 '22
MgO 0.22 0.80 0.29 Trace 0.05 0.13 0. 59
QaO 0.67 1.92 0.70 1.46 0.92 1.10 1()7
Na,O 10.48 9.18 9.44 6.76 9.78 10.72 8.63
g28+ 832 ?éé 4.85 8.86 5.16 5.43 5.38
. 5 5.57  1.08 . 7
I})IQCC))—- 0.24 oo 0.07 1.77 2.77
L0, Trace  0.06  0.11
Co, None Trace Trace 0.06
710, 0.12
SO, Trace None
Cl 0.02 Trace
F 0.06 Trace
Cr,0, None
BaO None Trace
SrO Trace
FeS, 0.08
Fe,S;q 0.05
Li,O None
Sum 100.02  99.83 99.74 99.80 99.82 99.83 100.00
I =Tinguaite, type phasc (miaskosc), Cuttingsville, Vt., H. . Merwin
analyst. ’ . ’

IT =Tinguaite (laurdalose), Brome Mt., Quebec.
ITI = Aegirite tinguaite (miaskose), Southbo}o, Mass.
IV = Leucite tinguaite (beemerose), Serra de Tingua, Brazil.
V="Tlinguaite (miaskose), Gy. Szt. Miklos, Czanod, Siebenbiirgen
VI=Tinguaite (laurdalose), Hedrum, Norway. ’ '
VIl =Tinguaite (average of 15 analyses, R. A. Daly).

11 oted from I)IQSSCI, . A, Amer. Jo nal Scien \4¢] 7

Qu ¢ ? :;v)(,i, 904 ¢ ur c ce, 11 s P
‘larke, T W.U.S col. rv. ull. 59

C Jk PR A . LS. G ol. S 5 B avl, D 30,

111 “ “

_—

Y

1

» The phenocrysts are brilliant black hornblendes.
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% Washington, H. S.. U. S. Geol. Surv., Prof. Paper
14, pp. 207, 213, 295, 1903.

Daly, R. A., “Igneous Rocks and Their Origin”’,
p. 35.

v, V, VI “
VII L [

The rock is a miaskose, with the following norm:

Orthoclase................... 30.02 Diopside. ............ 1.08
Albite. ... oo 36.68 Magnetite. .. ........ 1.86
Anorthite.................... 1.96 Ilmenite............. .30
Nephelite..................... 27 .55 Water,ete............ )

100.04

Comparison with the Brome Mountain tinguaite shows
one more proof of general chemical similarity between the
Monteregian eruptives and those at Cuttingsville. The South-
boro, Mass., tinguaite (also miaskose) contains aegirite, while
the Cuttingsville rock carries aegirite-augite. The Brazilian tin-
guaite is the classic cxample from Scrra de Tingua, the type
locality. It differs from the Cuttingsville rock in bearing leucite.

Cam ptonite—Camptonite dikes, not quite as numerous as
the tinguaite dikes (Plate XVI), are associated most closely with
essexite and nordmarkite.

Perhaps the most typical camptonite occurs in a dike a foot
thick, exposed in the wall of a small, abandoned nordmarkite
quarry (Q5, Plate XVI) on the lower north slope of Granite Hill.
The rock is black and porphyritic, with a few scattered, flashing
crystals of black hornblende, and more numerous, smaller tablets
and masses of gray-white feldspar. One of the hornblendes is
2 centimeters long. An occasional grain of olivine also contrasts
with the black, fine-grained groundmass. The thin section shows
phenocrysts of augite, moderatcly basic plagioclase, brown
hornblende, and serpentinized olivine. The groundmass is an
aggregate of brown hornblende, plagioclase, augite, magnctite,
and some pyrite.

In the more northerly of the two small eruptive areas north
of Granite Hill (Plate XVI), two or more camptonite dikes cut
essexite or the country gneisses. One of the dikes, about 25 feet
wide, carries many inclusions of gneiss, quartzite, syenite, and
probably essexite. They are generally angular in shape and not
more than 1 c¢m. in diameter. The camptonite is porphyritic.

They are
usually under 2 cm. in length, though some reach 8 or 10 cm. A
single large grain of serpentinized olivine appears in one specimen.
The groundmass is dark gray, fine grained, and dense.

Thin sections show the phenocrysts to be brown hornblende
and, in smaller amount, zoned plagioclase, andesine to basic
labradorite. There is some kaolinized orthoclase or microper-
thite, probably xenolithic. Green pyroxene, more or less altered
to actinolite and chlorite, also appears among the phenocrysts.
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The groundmass is chiefly composed of plagioclase laths, small
prisms of hornblende and actinolite, and chlorite. Brown bio-
tite, magnetite, apatite, titanite, ilmenite, and pyrite are ac-
Cessory.

MiINERAL DEPOSITS

On Copperas Hill (Plates XVI and XVII), large bodies of
pyrrhotite, once mined as a source of copperas, have replaced
limestonc cut by tinguaitic dikes which appear to have played a
determining part in the ore deposition. In this connection, the
presence of pyrrhotite, as an accessory mineral in several of the
rocks which have been described, is worth noting. Molybdenite
(M, Plate XVT) occurs in syenite at its contact with gneiss on the
crest of Granite Hill, a quarter of a mile north of the hornblende-
syenite quarry. The molybdenite scales are of small size, often
thickly powdered, like the enclosing syenite, with yellow molyb-
dite. Apparently the deposit is too limited to warrant develop-
ment. Some pyritic mineralization appears at T, Plate XVI,
and near the middle area of B, figure 10. In the former case,
the deposit has been explored by means of a sixty-foot tunnel.

GENERAL CONCLUSIONS

Emplacement of erupiives—Composite character, cross-cut-
ting relations to the country rocks, the oval surface plan, and
high contact dips indicate that the main cruptive body is a
composite stock. It is certainly not a laccolith and probably not
a chonolith. The two small eruptive areas north of the main
body seem to be parts of a single small, satellitic stock or chono-
lith, if not simply a northward prolongation of the main body,
now separated in outcrop by fluviatile and glacial deposits.

Comparison wilh other areas.—The general structure is com-
parable to that of Ascutney Mountain, not more than twenty-
five miles distant, which is also a composite stock. There,
biotite granite and diorite appear in addition to types which
almost duplicate certain of the Cuttingsville rocks.

Though the main Cuttingsville body has a rough concentric
structure, its relations to country rock recall those of at least
four stocks of the Monteregian Hills, Qucbee, namely : St. Hilaire,
Rougemont, Johnsen (a neck?), and Yamaska mountains.
Of the other Monteregian masses, Shefford, Brome, and St.
Bruno (Montarville) are composite, and have been describad as
laccoliths without compclling evidence. In all of these hills
cssexite 1s represented. In six, perhaps all, the essexite is asso-
ciated with syenite. This association, combined with close
mineralogical and chemical similarity to the Ascutney and Cut-
tingsville eruptives, renders the comparison doubly impressive.

Red Hiil, N. H., a ncighboring New England locality, fur-

. Lant
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nishes another example of a small, composite syenite stock, des-
cribed by Pirsson.* The country rock is a granitic gneiss, and
the eruptives include, in the order o.f eruption, .11ephehtc. syenite
(umptekite, foyaite,) aplite, paisanite, bostonite, syenite por-
phyry, and camptonite. Chemical similarity of the Red Hill
umptekite and the Cuttingsville hornblende-biotite syenite has
been noted. . .

Essex County, Mass., the type locality for essexitc, and
Southboro, Mass., a tinguaite locality, are other examples of New
England arcas containing eruptives chemically related to certain
of the Cuttingsville rocks. '

The Cuttingsville arca thus takes its place as one more of :Ehe
known number of small, alkaline, intrusive bodies in the New
England-Quebec region. Most of the Monteregian Hills lic west
of the limit of Appalachian deformation, their intrusions pene-
trating practically undisturbed beds. The Cujutmgsvﬂle and
other New England examples are located in disturbed rocks,
although themselves not notably affected by deformation.

Reference has also been made to the similarity of the Cut-
tingsville rocks to certain cruptive rocks of §Quthern Norway.

Order of eruption.—TFicld observation indicates that erup-
tion of the plutonic types proceeded in the order usual with
alkaline intrusions, namely from basic to acidic. Essexite was
plainly the earliest intrusion. The syenites ﬁol]owcd cssexite 1n
a succession not entirely clear. Nordmarkite was apparently
the last. Hornblende-biotite syenite, with pulaskite, nephclite
sycnite (foyaite) and sodalite-nephelite syenite, probably came
between esscxite and nordmarkite in about the order given.

On the other hand, the syenites possibly constitute a single
eruption, rather than a succcssion of intrusions. If the horn-
blende-biotite syenite is a simple differentiate, rather than a
hybrid, it was the first of the syenites to separate. ]

The apophysal dikes conform, in a gencral way, to the same
order of basic to acidic intrusions. Essexite porphyries were the
carliest, some of them apparcntly truly apophysal from the cssex-
ite body, and others intrusive into it. Aplite was later than the
nordmarkite. The syenite porphyries presumably care between
essexite porphyry and aplite. Some of the pulaskitc-porpayry
dikes, however, cut nordmarkite, and may be even younger than
aplite.

With the “‘complementary” dikes the order was rfi-.,vcrsed,
the tinguaite dikes, which are relatively acidic, preceding .1,]16
relatively basic camptonite dikes. Some of the tinguaite dikes
are probably younger than all the plutonic types and the truly
apophysal dikes. Others arc possibly only tinguaitic ;)huscs'gf
pulaskite porphyry and nordmarkite porphyry. The camptonite
dikes may not all be of the same age. Some of them are the
latest of all the intrusions.

*L. V. Pirsson, Am. Journal Science, vol. XXI1T, p. 257,

1an7
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Origin of the magmas.—The Cuttingsville eruptives are
clearly consanguineous; it may be reasonably inferred that all
have come from a single parent magma. No subalkaline rocks
have been noted in association with the Cuttingsville eruptives.
Yet that fact does not necessarily invalidate the hypothesis that
the alkaline rocks are differentiates from modified subalkaline
magmas. It might be assumed that an originally subalkaline
magma was modified by desilication to produce the alkaline
parent magma. The desilication may have resulted from the
assimilation of limestone which outcrops in at least four different
localities about the main eruptive body. More limestone may
have been stoped from overlying beds since removed by erosion.
Assimilation of hornblende gneiss, so abundant in the country-
rock series, may have increased the desilicating effect.

That syntexis of country rock has played a part in mag-
matic changes is to some cxtent supported by the frequent de-
velopment of a quartzose selvage of syenite in contact with
quartzose country rock, and by the occurrence of apparently
primary calcite in certain of the dike rocks.

A highly important factor in the problem of the origin of
the magma is the stock structure of the eruptive body. This
structure implics a body of magma very much greater than that
corresponding to the rocks directly visible at the present erosion
surface. Stocks are generally assumed to be small projections
from greater batholithic bodics. In any case, the exposed part
of a stock is only a transverse section high up in the magma
chamber. This condition renders assumptions regarding the
nature of the original magma, before assimilation and gravitative
differentiation had set in, highly speculative.

The exposed rocks of the stock have an average composition
not far from that of a typical laurvikose. It ig not unlikely that,
owing to gravitative differentiation, the deeper rocks are more
basic and maffic. This, of course, would increase the basicity of
the stock as a whole and necessitate the assumption of a parent
magma more basic than laurvikose. The essexite may represent
nearly the chemical nature of the parent imagma, suggesting,
further, that the original, unmodified subalkaline magma was
truly basaltic.

This view has much in its favor. It explains the eruption
of essexite first, as an extravasation of parent magma before very
marked differentiation had set in. The succeeding, increasingly
feldspathic eruptions mark stages in the advance of differentia-

tion, possibly interrupted, and again renewed, by further assimila-
tion of country rock. ,

J
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List oF CHEMICAL ANALYSES.

I 111 v vV i
' 57.44 46.47 60.88 57.64 s .
21106q 21.60 16.86 20.75 23.31 17.44 13,20
Fe,0, 20 3.21 63 1.22 1.56  6.21
FeO 262 7.72  1.13 55 1.76 15.85
MgO 1.09 5.16 17 22 014 726
Ca0 290 9.45 1.08 67 1.00 .
7.36 4.20 6.35 10.48 7.32 7.08 3.21
g ' 478  1.68
K,O 412 1.35 557 500 4.8l : .68
H,0+ 58 45 ‘88 24 0.05 0.4
H,0— B 0 e 02 0.05
.39 Trace . one
%0022 69 2.86 35 15 0.17  1.06
Zr0, .02 None Trace .12 0.08
P,0 .38 1.15 Trace Trace 0.04
SO, None None Nome Trace None
Cl 07 .06 18 .02
F .05 110 N.05 e
None one one
1%183 N(.)?Z .23 .22 110 0.16 1.21
BaO .26  Trace .02 None
SrO .04 .04 Trace ‘Trace
FeS, 15 21 .61 .08
Fe, S, 14 .08 13 .05
Li, O None None None None
Sum 100.27 99.64 99.64 100.02 101.61 100.92

3.518

Specific gravity:

I=Hornblende-biotite syeniti/[ (lau}"vikosel), ? E. Merwin, andlyst.

II =Essexite (andose), H. E. Merwin, analyst. .
II1=Sodalite-nephelite syenite (ric/)[rdmgrkose)l, It{ E. Merwin, analyst.
IV ="Tinguaite (miaskose), H. E. Merwin, analyst. .

\% (part%;,ll)=Zircon-rich pulaskite porphyry, H. E. Merwin, alnalcyst.
VI=Augite syenite (nordmarkite, nordmarkose), C. D. Test, analys losic
VII=Barkevikitic hornblende from hornblende-biotite syenite of analysis

I, C. D. Test, analyst.



PROVISIONAL REPORT

of the Areal and Structural Geology of the Western
Flank of the Green Mt. Range

N. C. Dare
HAMILTON COLLEGE

INTRODUCTION

Through the courtesy of Dr. G. H. Perkins, the State
geologist of Vermont, the writer undertook an investigation of the
areal geology with special emphasis upon the structural details
of a portion of the western flank of the northern part of the Green
Mountain range, during the summer of 1915. At this time only
1 provisional report can be made as there still remains some un-
anished field work vital to the solution of the problems presented,
as well as certain petrologic considerations, together with all the
llustrative material necessary for a more lucid presentation of
the structural details.

In the final report the following subjects will be presented:

Geography.

Physiography.

Areal Geology.

Stratigraphic Geology.

Structural Geology.

Metamorphism.

General history of the region.

In this report only the most general consideration will he
presented. Areal, outcrop and structure maps accompany this
report.

GEOGRAPHY

The western flank of the Green Mountain range includes a
north-south strip of mountainous land, 26 miles long and 5 miles
wide, approximately 130 square miles in area and situated in
parts of the following townships: Middlebury, Ripton, Bristol,
Lincoln, Monkton, Starksboro, Hinesburg and Huntington. The
northern end of this strip is about 15 miles south-east of Bur-
lington while the southern end is between 4 and 5 miles east of
Middlebury.

ARreaL GrorLocy
The accompanying areal geological map shows that the
above area is wholly a metamorphic one and largely of Cambrian
and Ordovician age with the small area of granite gneiss near the
southern extremity of the region undoubtedly belonging to the
pre-Cambrian. .
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With the exception of some sheared quartzose conglomerates,
in all probability a member of the quartzite beds, the Cambrian
period is represented by quartzites and dolomites, the same
forming the outermost western fringe of the range. From the
northern end of Hogback Mountains, however, the quartzite
pitches northward under the dolomite, not appearing again to
the north in such massive beds as seen in the south. Iast of the
quartzite dolomite area are found various schists and gneiss, a
large part of which are of sedimentary origin. In addition to
micaceous, chloritic and quartzose schists there are some with a
high content of calcite, dolomite and feldspar. The feldspathic
schists and gneisses are found in a pretty well defined north-south
strip of about one half to one mile in width and not more than a
half of a mile east of the Cambrian quartzitc arca. Ifor these
rocks the name 6f metamorphic arkoses has been given because
they apparently contain most of the essential minerals of the
granitic rocks without the granitic texture of an igneous rock.

The extreme eastern section of the region is largely taken up
by rocks of gneissic structure but only at one locality could a
definite igneous origin be assigned and this is probably of pre-
Cambrian age. More field work in the township of Ripton will
be necessary before the limits of this formation can be drawn.

Several basaltic (diabase) dikes were found, one in the north
slope of South Mountain about 12 ft wide and traceable for 50 ft.
At the outcropping where the brook has hclped cause a waterfall
the intrusion was conformable with the schistosity. Amnother
dike was formed in the west slope of Lincoln Hill but it was only
one foot wide and not traceable for any grcat distance. It was
cutting a chlorite mica schist. A third dike of the samec nature,
2 ft wide and traceable for 10 ft was found cutting a dolomite.
Loose blocks of another dike were seen ncar the top of Lincoln
hill in the west slope.

STRATIGRAPHIC GEOLOGY
The age, superposition and rock variation is given below.
GEOLOGIC AGE VARIETIES OF ROCK
[ Sedimentary Gncisses
[ Silicious
| Chloritic
Schists s Micaceous
| Calcarcous
| Dolomitic
| Schists
| Gneisscs
[ Cream
| Blue
[ Massive
| Quartzite { Shcarcd
{ | Congloses.
Granite Gneiss.

Ordovician

Arkoses

— — ~

Cambrian Dolomite

Pre-Cambrian
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The metamorphics lying east of the dolomite quartzite area
are so entirely different from the rocks of the western section
that it was thought best to classify them according to the above
table for the present.

PrE-CAMBRIAN

Though no contact of the Canadian quartzite with an older
formation was discovered in this region yet it seemed best to
classify the only true granite gneiss in the pre-Cambrian age.
More investigation in the southern end of the sheet will be neces-
sary before one can write finally upon this occurrence found in the
western tributary of the north branch of the Middlebury River.
Tts swirl like structure consisting of biotite and feldspar bands as
well as an undoubted original granitoid texture all seem to signify
its igneous origin. :

CAMBRIAN

The Canadian quartzite of this region is the typical maple
sugar colored and textural variety found south of this region in
Southern Vermont but included in the formation are sheared
beds producing a pseudo conglomeratic structure and real beds of
conglomerate, the pebbles of which are quartzite. The greatest
thickness of this formation is about 1,800 ft., found in the Hogback
and South Mountain vicinity.

The dolomite of this same period is a brown weathering
cream colored crystalline rock that is sometimes blue.

At the road cutting just a mile south of Starksboro is an
excellent contact exposure of vertically bedded dolomite and
quartzite beds. The main dolomite beds of Lewis Creck are
succeeded in the east by the following strata:

Dolomite

Dolomite Shale (schist)

Quartzite dolomite............... 5
Road........ ..ot 25’
Dolomite shale (schist)........... 3
Quartzite.......... ... ... 5

Dolomite shale (schist)...........30'with quartzose

dolomite boulders

Quartzite.......... ... ... ... 15’
Dolomite shale (schist)
Quartzite.......................7%
Dolomite shale schist............ 50" +
Quartzite.......... ..., 20" +
Quartzite schist................. 125

Argillaceous quarzite schists

The dolomite shale referred to in this series is in all prob-
ability a sheared dolomite and resembles a shale in structure
only.

REPORT OF THE VERMONT STATE GEOLOGIST 197

The repetition of beds by alternations would strongly
suggest isoclinal folding. With the exception of the lowest bed
this series has much in common with the main Cambrian quartz-

ite and dolomite.

METAMORPHIC ARKOSES

Following upon this series toward the east is one of indurated
arkosic schists and gneisses with blue quartz and orthoclase
feldspar grains as the essential minerals. This series occurs ina
zone, 14 to 1 mile wide, extending nearly to the northern end of
the sheet, N. E. of Hinesburg and some distance to the south as
far as Abbey Pond. The pervading characteristics of this series
are the presence of grains of orthoclase feldspar and blue quartz,

‘though pink quartz grains do exist as well as a general schistose

structure. Where quartz predominates the arkose exhibits a
very massive structure which disappears wl@en feldspar and mica
predominate causing the rock to assume a plicated and corrugated
structure. Where the foliations are coarse the rock has been
called an arkosic gneiss and where fine, an arkosic schist. Both
schist and gneiss may be pyritiferous or magnetiferous.

OTtHER Scuists AND GNEISSES

Other than the metamorphics just described and east is a
series of schists and gneisses distinguished largely by the pre-
dominating mineral such as chlorite, mica, quartz, calcite and
dolomite, or by the degree of foliation. The coarsely foliated
metamorphics are included under the gneisses and the more
finely under the schists. No attempt has been made to differen-
tiate between these varieties on the areal map as the time at the
disposal of the writer was much too limited. These rocks pre-
sumably belong to the sedimentary series as they not only
frequently show bedded relationship but also a clastic composi-
tion, some of the beds being distinctly conglomeratic.

Just where the boundary between the Cambrian and Ordo-
vician should be drawn in the western flank of the Green Moun-
tain range is not altogether clear but with the exception of the
Arkosic metamorphics the prevailing mica, chlorite and quartzose
schists have much in common with the typical Berkshire Schist
formation of Southern Vermont.

STRUCTURAL GEOLOGY

Three north-south structural provinces characterize this
region. The westernmost one, phygiographically known as the
Champlain valley from west to east is a progressively less folded
area consisting of rocks of Cambrian and Ordovician age, that
part nearest the lake consisting of nearly horizontal strata while
the rocks nearest the Green Mountain range are more folded.
The intermediate structural province is in great contrast to the
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valley region as is seen by the highly elevated and folded moun-
tains east of Middlebury and Bristol, rising as an abrupt wall.
Hogback Mountain is more typical of this region because its
folded character resembles the Appalachian mountain structure
more than the region either to the north or south of it. The
easternmost section, of a more pronounced massive structure
than that of the intermediate is none the less the result of the
same intense orogenic movements which have given to the range
its highly complex folded structures and metamorphic charac-
teristics.

The data obtained at the south and north end of Hogback
Mountain as well as along the New Haven River east of Ackworth
prove quite conclusively that the valley of Baldwin and Lewis
Creek is synclinal in structure and that Hogback Mountain and
South Mountain constitute a large part of the west limit of the
syncline. Vertically dipping beds of Cambrian quartzite and
dolomite beds of Starksboro and easterly dipping beds on
Hogback Mountain, classify the structure as an asymmetrical
syncline but pitching anticlinal structure at the north end of
Hogback bears evidence of anticlinal structure only for the north
end of the west limb.

Assuming that Hogback Mountain forms the western limit
of an asymmetrical syncline and that the dolomite of the
Champlain valley is stratigraphically younger a possible solution
for the problem of the structure at the valley-range contact
would seem to be, tho in nature of a hinge fault, the abrupt moun-
tain wall taking on the character of an escarpment. From the
quartzite dolomite area of the intermediate structural province
eastward the dips are prevailingly easterly with exceptions of
occasional vertical, flat and westerly ones, so that the general
structure throughout this area is that of open and closed anticlines
and synclines with the possibility of some isoclinal development.

The detailed structures of this region have much to do with
the cleavage and its relationship to the primary foliation plane
presumably a bedding plane. In many of the schist exposures
two cleavage planes have been developed and the distinctions
could be made between the three divisional planes. Illustrations
of these details will accompany the final report.

METAMORPHISM
Originally a part of a basin of deposition for sediments pre-
vailingly clastic in composition and interbedded with calcareous
and dolomitic beds this region has undergone many changes, the

most important of which are the orogenic movements of Paleozoic

age which resulted in the elevation and birth of the Green Moun-
tain range accompanied by the most profound structural and
metamorphic changes. Not only have those sediments which
were originally sandstones been transformed into quartzites but
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all those of a conglomeratic and argillaceous character have
assumed foliation planes and new mineralogical characteristics.

In many of the schists and gneisses it would be difficult to
establish a metamorphic cycle unless there were exposures of
both the unchanged and changed rock in uninterrupted con-
tinuity. Such a study for any of the metamorphic foundations
constituting this part of the Green Mountain range would be a
distinct contribution to the science of geology particularly so if
such a study could be made to include the progressive meta-
morphism observed from the shores of Lake Champlain through
the Green Mountain range.

Petrographic studies of some of the more important meta-
morphic rocks of this region are expected along with the final re-
port.



THE STATE CABINET

During the last few months the various collections, which
have been for many years displayed in rooms in the Capitol
Building, were moved to rooms assigned by the Board of Control
in the new State Building. While more space than can be
afforded in this building is desirable for the best arrangement
and exhibition of such specimens as the State possesses, it is yet
In most respects quite satisfactory, and far better than that
heretofore occupied.

The space assigned includes a part of the main corridor, a
long and narrow room immediately at the end of the corridor
opposite the front door, and the south end of the large north room
Wh;ch is mainly given to the library and collections of the His-
torical Sociéty. A room in the basement is also assigned to the
State geologist for an office and the storage of such specimens as
it may not be possible to place in the cases on the ground floor.

The most important collections in the Cabinet are those of
Marble, Granite and Slate. Commercially, no other exhibit
can have for Vermont such importance, as these stones bring to
the State an annual revenue of ten or twelve millions of dollars.
Obviously these should be displayed as well as possible that not
only the many visitors may see what is produced in Vermont in
building and ornamental stone, but that contractors, architects,
and builders may be attracted to use our products. For the
present, as possibly a temporary arrangement, these are shown in
a series of cases placed in the main corridor so that as one enters
the building they at once come to his notice. Whatever may be
said of this location, it is evident that the cases are not as suitable
as can be built, but they are now used because we have them and
it has not yet been practicable to provide new and better. This
will be attended to as soon as possible.

In this collection special notice should be given to the
splendid display furnished without cost to the State, by the
Vermont Marble Company. Polished slabs of sufficient size to
fairly show the veining and shading in the marbles and also the
texture of the different varieties, are seen in these cases. There
are also many cubes, mostly eight inches, which not only show a
polished surface, but one rough hammered, one as left in sawing,
one fine hammered, etc., so that builders can see the effect of
different finishings. More than seventy varieties are shown and
1t 18 a true statement that nowhere the world over, at least so far
as yet has been discovered, can such variety in color, veining
and texture be found as is continually obtained in the quarries
of this company.

The series of granites from the different Vermont quarries is
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not as well prepared as is that of marbles, but it is very good and
will soon be greatly improved, as the Barre Manufacturers,
Association have a committee appointed who have taken up the
matter and promise to send a better and more complete exhibit
in the near future.

At the north end of this corridor, on the first floor, is a long
narrow room which affords excellent positions for wall cases and
here, in very satisfactory and handsome new cases are arranged
the Mammals and Birds. There are four cases, each sixteen
and a half feet long and seven feet high with plate glass fronts.
Practically all the different species of quadrupeds and birds ever
found in Vermont are here represented, in most cases by more
than oné specimen. As a rule they are well mounted and there
is sufficient light, ordinarily, to show them to good advantage.
All of the quadrupeds, except a few heads on the walls, and ncarly
all of the birds are from this State. In all there are here ncarly
five hundred specimens representing about 250 species.

Table cases on the floor of this space contain corals, tropical
butterflies and the Fossil Whale, found many years ago in a
deposit of clay in Charlotte, described and figured by Thompson
in his “Vermont”’ and later and much more fully by the Geologist
in the Sixth Report. This is by far the most valuable single
specimen in the Cabinet. Several similar specimens have been
found in Canada and are in the Museums at Montreal, Ottawa
and Halifax, but not a single one has ever been found in the
United States except this. Most fortunately nearly the entire
skeleton was recovered and mounted. This whale belongs to the
latest geological period and still exists in the Gulf of St. Lawrence.
To us it is especially interesting as one of many evidences of the
time when Lake Champlain was marine and extended much
farther towards the Green Mountains than at present.

It may seem incongruous that corals and tropical butterflics
should be placed with Vermont specimens and perhaps a word of
explanation may not be useless. When the present Curator took
charge of the Museum twenty years ago, it was his intention,
following the plan of his predecessors, to limit the collections
quite rigidly to Vermont objects, but, as has been stated else-
where, after a few years of experience in meeting visitors, he
found that some, especially the school children, made use of the
specimens in reviewing and illustrating their work in nature study
and that it was very desirable that groups of the animal kingdom
not to be found in this State should be accessible. Therefore,
while still keeping the whole museum to its original plan and as
far as possible using only Vermont material, so that it might re-
main essentially a Vermont museum, he has added a small
number of objects not obtainable here so that in some, however
imperfect manner all the greater branches of the whole animal
kingdom may be illustrated.

This is also in accordance with the intention that the State
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Cabinet shall be not a gathering of curiosities because they are
curious, but shall be primarily of educational value. It was
with this plan in mind that some of the collections, as corals,
tropical butterflies, Hawaiian lava, etc., have been added to the
Vermont collections. These collections are, as in this case they
should be, not numerous, but they are representative of the class
of objects to which they belong.

TFor the same reason one section is devoted to an arrangement
of specimens illustrating the various divisions of the whole animal
kingdorr, grouped in a small space—a sort of bird’s eye view of
the wholc. Necessarily the representation of each group must
be very limited, and also, only the large, main groups can be
shown, but it is believed that such a synoptical case will be useful
to students of Zoology in the public schools.

In the next room, which is occupied mainly by the Library
of the Historical Society, space at the south end is allotted to
cases of minerals on the west side and fossils on the east. All
of the different kinds of minerals found in Vermont are
represented and also such specimens as seemed desirable from
elsewherr and the display will be found to be attractive as well as
instruct. As most of the fossil bearing rocks in this State
are of the slder formations, the fossils from them must be of
the older ages. Cambrian and Ordovician mainly, with a few
from the Brandon Tertiary, mostly from the Champlain Valley,
represent fairly the life of those most ancient seas. As in the
collection of living animals, a few fossils from geological periods
not found here are added to give some sort of completeness to
the whole exhibit, but by far the greater number are from Ver-
mont and illustrate its paleontology very well.

Arranged in a series of table cases in the same room are the
Indian Relics. In all there arc more than five thousand speci-
mens, some of which are very rare and some very fine. Except
thelarger collections of the University at Burlington, nosuch series
of Vermont Indian objects exists, nor is it possible to collect such
extensive series of these at present, and anyone studying the
archeology of Vermont must examine these two collections since
none like them can be found elsewhere. In the same collection
there are a few similar specimens from outside of the State, and
especially, a fine series of chipped implements from the valley of
the Tennessee River, collected by Mr. O. A. Humphrey of North-
field. These are very useful for comparison.

A room in the basement, well lighted and furnished with
cases has also been assigned to the Curator and in this place.
many less generally interesting specimens are kept. Of interest
to road builders is an extensive series of the rocks of Vermont
arranged by towns in such a manner that the principal varieties
found in each town can be examined without trouble.

While the Museum belonging to the State of Vermont is not
large, it does, never theless, show very satisfactorily the resources
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and the natural history of the State. Like all museums this is
always glad to receive contributions of specimens and, so far as
space will permit, to exhibit them to good advantage. In the
Seventh Report of this series there may be found lists of the more
important species contained in the Museum and plates of some of
the most interesting, especially of the Indian relics.
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could have filled the customary number of orders had they been
received. Some of the largest companies report that only about
half their full complement of workmen have been available during
1918.

MarBLE COMPANIES IN BUSINESS, 1918

The following companies have been producing marble during
the last two years, but by far the greater part of the marble sold.
has come from the first named company.

The Vermont Marble Company, Main offices at Proctor.

Mills at Proctor, West Rutland, Center Rutland, Rutland,
Florence, Middlebury, Swanton.

Quarries at Proctor, West Rutland, Florence, Brandon,
Danby, Dorset, Swanton, Roxbury.

Bastman Marble Company, Quarries at West Rutland.

Manchester Marble Company, Dorset.

Clarendon Marble Company, Quarries and Mill, Clarendon.

Middlebury Marble Company, Quarry, East Middlebury.

Meadow Brook Marble Company, Quarry and Mill, Brandon,

United Marble Company, Quarries West Rutland, Florence,
Mills, Rutland.

In marble as in granite, while the buildings sales have been
greatly reduced, the demand for monuments and monumental
stock has been increased and prices have been higher.

Several conditions, strikes, epidemic, lack of workmen, have
reduced the normal amount of granite production much below
its usual amount. In some of the granite fields this has not been
in any way made up, but in some places, notably the Barre dis-
trict, there has been during the past year the largest demand for
monumental work ever known, and this has in some good degree
compensated for the loss in sale of building material.

The following list of granite companies now doing business
in Vermont is brought up to date as fully as possible. As in the
preparation of former lists, Mr. I. P. Hinman, Secretary of the
Barre Manufacturers Association has revised the names so far as
that Association is concerned.

LisT oF GRANITE COMPANIES IN BUSINESS IN VERMONT, 1918.

Those working quarries are marked Q, the others operate
only cutting plants.

BARRE AND VINCINITY Biledeau, J. O.
Bond, G. E. Granite Co. Q.

Anderson and Johnsomn. Boutwell-Milne-Varnum Granite Co,
Anderson-FPriberg Co. Q.
Apollo Granite Co. Brown, Carroll & Co.
Artistic Granite Co. Brown & Son.
Ballastro & Labrano. Brozicevic Brothers.
Barclay & Co, A. Brusa Brothers.
Barclay Brothers, Q. Bugbee & Co.
Barre Memorial Co. Burke Brothers.
Beck & Beck. Buzzi Granite Co.
Bianchi Granite Co. Canas, A.
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Canton Bros. Q.

Capitol Granite Co.
Carroll Bros.
Carswell-Wetmore ,Granite Co.
Caslani Bros.

Celente & Co.

Central Granite Co.
Chioldi Bros.
* Ciresoli & Co.

Cole & Son, W.

Comolli & Co.

Corskie J. P. & Son.

Davis Bros West Berlin.
DeBlois, L. I. Granite Co.
De Regibus Granite Co.
Dessureau & Co.

Dewey Column and Monumental

Works.

Freeman & Wasgatt.
Gasparello Bros.

Gelpi Granite Co.

Genest & Beaulicu.
Gerrard-Barclay Granite Co.
Glysson, E. C.

Grearson & Lanc Co.
Giudici Granite Co.

Guidici Bros. Co.

Harrison Granite Co.
Hebert and ILadric.
Hedburg & Gustafson.
Hedwall, P. & Co.

Hoyt & Iebourveau.

Hoyt & Milne.

Johnson & Gustafson.
Jones Brothers Granite Co. Q.
Jones Granitc Co, Williamstown.
LaClair & McNulty.
Littlejohn, Odgers & Milne.
Malnati Bros.

McDonnell & Sons.
McGovern Granite Co.
McMillan & Son.

Marr & Gordon.

Marrion and O’Leary.
Martinson Estate Co.
Mascitti, Paul.

Milne, Alex.

Milne Granite Co.

Mutch & Loranger.
Newcomb, T. ]

North Barre Granite Co.
Novelli & Calgani.

Oliver Granite Co.

Oleson & Nelson.

Parnigoni Bros.

Parry & Jones Co.

Peerless Granite Co.
Presbrey-Coykendall Co.
Provost & Son, West Berlin.
Redmond & Hartigan.
Reggiore & Puenti.

Rizzi Bros.

Rizzi, L. G.

Rizzi, William.

Robertson, J. C.

Robins Bros.

Ross & Ralph.

Rossi and Casselini.

Roux Granite Co.

Royal Granite Co, East Barre.
Russell & Brand Granite Company.
Saldi & Rossi.

Sanguinetti, A. & Co.

Sector, James & Co.

Smith, E. L. & Co, Q.

South Barre Granite Co.

Steele Granite Co.

Straiton, George.

Tost E. & Co.

Union Granite Co.

Usle Granite Co.

Valz Granite Co.

Vanetti Granite Co.

Vermont Manufacturing & Quarry Co
Veronese Granite Co, East Barre.
Welch & Cobban.

Wetmore-Morse Granite Co, Q.
World Granite Co, East Barre.
Young Bros. Granite Co.

Zorzi, Giovanni.

MONTPELIER

These are all Cutting Plants.
Aja, U. Granite Co.
Ariole & Co.
Artistic Granite Co.
Bonazzi & Bonazzi.
Bianchi Granite Co.
Boutwell-Milne-Varnum Granite Co.
Canas, A.
Capitol Granite Co.
Columbian Granite Co.
Doucette Bros.
Emmons, H. C.
Exceelsior Granite Co.
Fernandez, E.
Frascr, Robert M.
Garand & Forgue.
Gil, C. P. & Co.
Johnson Granite Co.
Lawrence, Robert.
LeClere, R. A.
Lillie Granite Co.
Maloney & Clossey.
Menard & Erno.
Mills & Co.
National Granite Co.
Pando Granite Co.
Pillini Granite Co.
Poma, P. Granite Co.
Sheridan & Poole.
Sierra, R. Granite Co.
Sievewright, George.
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Valley & Beaudet.
Vermont Granite Co.
Wetmore-Morse Granite Co.

NORTHFIELD
Cross Bros.
Pelaggi & Co.
Phillips & Slack. )
Northfield Granite Co.

BETHEL
Woodbury Granite Co.
WATERBURY

Drew Daniels Granite Co.

O’Clair Granite Co.
Union Granite Co.

HARDWICK AND WOODBURY

American Granite Co., Hardwick.

Crystal Brook Granite Co., Hard-
wick.

E. R. Murch, Hardwick.

Floyd Tuller, Hardwick.

M. Ambrozini, Hardwick.

Eurcka Granite Co., Hardwick.

John Hay, Hardwick.

Fred Calderwood, Hardwick.

V. W. Merriam, Hardwick.

Caledonia Granite Co., Hardwick.

Woodbury Granite Co., Hardwick.

Nunn & Fordyce, Hardwick.

Grant & McAdams, Hardwick.

M. J. Couhig, Hardwick.

P. Good, Hardwick.

Hardwick Polishing Co., [Hardwick.

E. R. Fletcher, Woodbury.

Revised by Mr. George James of the Woodbury Granite Co.

GEOTON AND RYLGATE

Checchi, A., Groton.

Hendry, C. H., Groton.

Blue Mountain Granite Works, South
Ryegate.

Ryegate Granite Works Co., South
Ryegate.

BARTON

Crystal Lake Granite Co., (.0
Barton Granite Co., Q.

Lewis, L. R.

Roy, T. I.

Smith, M. j.

Ward & Co.

CONCORD

Chapman, W. J.

Concord Granite Co., Q.

Daniels, J. C.

Keach, Willard.

Kirby Mountain Granite Co., Q.
Lillicrap, 12, & Son.

Lillicrap, .

Smith, L. E.

OTHER PARTS OF VERMONT

Eurcka Granite Co., Adamant.

TPateh & Co., Adamant, Q.

Tlasclton, C. S., Ieehbe Plain, (.

Stanstead Granite Co., Beehe Plain,
Q.

Goss, A. J., West Danville.

Newport Granite Co., Derby, Q.

Lyons, G. E. Dummerston, .

Union Granite Co., Morrisville.

The Slate business has, naturally suffcred with other stonce
industries, but I judge, less than marble or granite from *poor

markets.

Tt is reported as ‘“fair to medium” for the years 1917-

1918, but at the time of writing, December 1918, it appears Lo

be improving.
SLATE COMPANIES IN BUSINESS 1918.
b

CASTLETON

Hinchey, P. F. & Co., Hydeville.
John Jones Slate Co., Castleton.
Lake Shore Slate Co., West Castleton.
Penryn Slate Co., Hydeville.

West Castleton Purple Slate Co.,

West Castleton.

McDonough & O'Day Slate Co.,

Hydeville.

The following companies are now in business.

FAIRHAVEN

Clark & Flannagan Slate Co.

Dagnois, Joseph, Slate Co.

Durick, Kecnan & Co.

Eastern Slate Co.

Eureka Slate Co.

Fairhaven Marble & Marbleized
Slate Co.

Hampshire Slate Co.

Mahar Bros. Slate Co.

01d English Slate Co.
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Young, A. B. Slate Co.
POULTNEY

Auld & Conger Slate Co.
Donnelly & Pincus Slate Co.
General Slate Co.

Green Mountain Slate Co.
Griffith, William, Slate Co.
Jones, Owen O., Slate Co.

New York Consolidated Slate Co.
Roberts & Carter Slate Company.

Sheldon, F. C. Slate Co.
WEST PAWLET

Hughes & Son Slate Co.

Rising & Nelson Slate Co.
WELLS

O’Brien Bros. Slate Co.
Williams, R. S., Slate Co.
Quarries in Vermont, offices as below.
Burdette & Hyatt, Whitehall, N. Y.
Norton Bros, Granville, N. Y.
Owens, O.W . & Sons, Granville, N. Y
Progressive Slate Co., Granville, N, Y
Sheldon, F. C. Slate Co, Granville
N. Y.
Vermont Slate Co., Granville, N. Y.
Wllhﬁm% H. G., Slate Co., Granville,

As it is the purpose of the Geologist to keep these lists as up

to date in accuracy as possible, it is desirable that anyone having
additions or corrections, notify him. The lists have apparently
proven convenient to dealers and customers over the country and
of course, if they are to be serviceable they must be correct.

The following companies have been doing business in various

sorts of Clays.

CLAYS

Horn-Crockett Co., Forestdale, P. O.
Brandon.

American Paper Clay Co., Rutland.

Live

Rutland Fire Clay Co., Rutland.
Lyon Brothers, S. C., Bennington.
Rockwood, E. F. Bennington.
Sibley, E. L., Bennington.

F(3r p{oducers (_)f Lime the reader is referred to Professor
Jacobs’ article on this subject on preceding pages. (158-164)

PROGRESS OF STREAM GAGING
IN VERMONT

During the two-year period ending Sept. 30, 1918

Bosrton, January 3, 1919.

To the Honorable, The Governor of Vermont, State House, Moni-
pelier, Vi.:

Dear Sir:

As the representative of the United States Geological Survey
in New England, I have during the past year continued the work
which is being carried on by the Water Resources Branch of the
United States Geological Survey in cooperation with the State
of Vermont, in investigating the water resources of Vermont.
The work has been carried on along the same lines as during the
previous years.

In July a conference was held with Mr. II. M. Mclntosh,
State Engineer of Vermont, and various matters pertaining to
the work were considered at that time. Owing to the compara-
tively small amount of funds available for this work, and also
to the fact that our engineering staff was seriously depleted
on account of the men being called into service in the Army, it
was not found practicable to materially enlarge the scope of the
work. Special efforts have, however, been made to continue
the records at all gaging stations which were in operation at the
beginning of the year, as a continuous record is of much greater
value than one which is broken by lack of observations during
part of the year; and each year’s record, when used in connection
with previous records, adds a value to the total much greater
in proportion than the time ratio of the one year to the total
period covered.

Assistance has been received from various engineers in the
State and from private companies. This assistance has generally
taken the form of services furnished by employees of the com-
panies in obtaining records of the stage of the rivers.

The accompanying manuscript gives the results of observa-
tions, and computations based thereon, for the two-year period
ending September 30, 1918.

United States Geological Survey Water-Supply Paper 424,
“Surface Waters of Vermont,” was issued early in the year and
was widely distributed among engineers and others who it was
thought would be particularly interested. Additional copies

209
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of this printed report which contains data up to September 30,
1916, may be obtained by those so desiring.

The results obtained during each year are printed in the
regular Progress Reports of the United States Geological Survey,

Respectfully submitted,

C. H. PiErceE,
District Engineer.

Pron'y
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UNITED STATES GEOLOGICAL SURVEY IN COOPERA-
TION WITH THE STATE OF VERMONT

Records of Stream Flow for the Two-Year Period End-
ing September 30, 1918.

Lake Champlain drainage basin.
Lake Champlain (gage heights).
Otter Creek.

Winooski River.
Dog River.

Lamoille River.
Green River.

Missisquoi River.

Lake Memphremagog drainage basin.
Clyde River. ,

Connecticut River drainage basin.
Connecticut River.

Passumpsic River.
White River.

Lake CHAMPLAIN AT BURLINGTON, VT.

Location.—On south side of roadway leading to dock of
Champlain Transportation Co., at foot of King St., Burlington.

Records available—May 1, 1907, to September 30, 1918.

Gage.—Staff. Comparisons of gage readings indicate that
zero of gage at Burlington is at practically the same elevation as
that of gage at Fort Montgomery, namely, 92.5 feet above mean
sea level. Gage read by employee of the Champlain Transporta-
tion Co.

Extremes of stage—Maximum stage recorded during year
ending September 30, 1918, 6.78 feet on April 10 and 11; mini-
mum stage recorded, 1.44 feet on September 14.

1907-1918: Maximum stage recorded, 8.20 feet on April 7,
1913; minimum stage recorded,—0.25 foot on December 4, 1908.

fce.—Lake Champlain does not usually close over in its
wider portion until the latter part of January. Occasionally
the period of closure does not occur until February, and some-
times lasts only for a few days. At the northern end of the lake
above the outlet the period of ice cover is usually from the middle
of December to the middle of April.

Accuracy.—Gage read to hundredths once a day except on
Sundays from October 1 to December 21, and from March 25 to
April 20; readings at irregular intervals during the remainder of
the year. When the lake is rough, there is considerable wave
action at the gage and readings at those times may not be exact.

Cooperation.—Gage heights furnished through the courtesy
of Mr. D. A. Loomis, general manager of the Champlain Trans-
portation Co.
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Daily gage height in feet, of Lake Champlain at Burlington, V1., for the years
ending Sept. 30, 1917-18
Day Oct. | Nov.| Dec.| an.| Feb.| Mar.; Apr.| May| June| July Aug.| Sept.
1916-17
1 co.a) 1011) 1. Lo.-| 5.65 4.15] ....| 2.80| 1.96
2. 1.25) 1.13] 1. 5.15| 5.63| 4.13] 4.00| 2.74| ....
3. 1.20| 1.15] ... 5.50| 5.60| ....| 3.98] 2.70{ 1.85
4. 1.20| 1.15) 1.6 5.76| b5.55 4.08| 3.98! 2.65] 1.85
5.. 1.18| ....| 1. 5.87) 5.48; 4.02]| 3.95 ....| 1.82
6. 1.15] 1.11] 1. 5.98) ....| 3.95| 3.90| 2.53| 1.78
7. 1.13| 1.05( 1. .| 6.05| 5.35| 3.90| 3.80| 2.47| 1.78
8. ... 1.00f 1. S o.... 0 5.281 3.87| ....| 2.44| 1.76
9. 1.05) 1.00] 1. -] 6.18] 5.20| 3.83| 3.68] 2.40| ....
10.. 1.05¢ 1.00] ... .1 6,200 5.15| ....| 3.55] 2.27| 1.74
11. 1.03| 1.00{ 1.95 -] 6.20] 5.08| 3.98{ 3.50| 2.30| 1.74
12, 1.02f ....| 1.98 1.98 ....| 6.05 5.02| 4.30| 3.48| ....| 1.72
13. 1.02} 1.05{ 2.00 ....] 1.98] 5.98| ....| 4.52| 3.42] 2.25| 1.69
14. 1.00[ 1.051 2.02 co.o| 5.90] 4.95| 4.65] 3.38| 2.25! 1.68
15. . L. 1004 2,02 ... 4093 4.82) ... .| 2.20] 1.65
16. 1.00f 1.04] 2.03 . .. 5.75| 4.901 4.86| 3.20] 2.18| ....
17. L0810 1.020 ..} Ll .. 5.68| 4.82) ....| 3.28] 2.13] 1.61
18. 98| 1.02| 2.05| 2.10 . 5.62] 4.701 4.83| 3.25| 2.16| 1.59
19. 98 ....| 2.05] ... .| 1.95| .. 5.65] 4.62| 4.78] 5.20| ....| 1.59
20. 98 .99 2.05 2.05! 5.70] ....| 4.75| 3.20| 2.21| 1.58
21, .98 .09 2.02 5.72| 4.45) 4.72] 3.18| 2.24| 1.62
22, co..] .97} 2.02} 2710 S| 4.42] 4.65) ....| 2.28] 1.60
23. 1.18 .97f 1.9¢ 5.85| 4.38| 4.58| 3.15 2.30| ....
24. 1.24) .95 .... 5.90! 4.38| ... | 3.10! 2.30| 1.57
25. 1. 24 95| ... 5.95| 4.36| 4.55| 3.02] 2.928] 1.52
26. 1.21) ... 1.94) ... .} 1.90| 2.70] 5.92| 4.30| 4.48| 2.95 ... | 1.48
27. 1.20] 1.08] 193] ....| ....| 3.08] 5.85| ....1 4.35{ 2.92| 2.20] 1.46
28. 1.318] 1.19f 1.91] .. .. 3.741 5.80[ 4.22] 4.30f 2.90| 2.13]| 1.46
29. ... 1.32] 1.91] 2.03 4.28 ... 4.20) 4.13) ....] 2.10| 1.46
30. 1.14) 1.36( 1.90] ... 4.58) 5.72| 4.20| 4.02| 2.87] 2.04| ....
31.. 1.11) .... 4.72| ... 4.16] ... 2.87] 1.98
1917-18
1. 1.48| 3.10] 2.38 .1 2.681 5.30( 6.14]| 4.48| ....| 2.18| ....
2. 1.50] 3.18] .... 2.68] 5.65) 6.10{ ....1 3.19| .| 1.52
3. 1.52| 3.20] 2.35 6496004 Lo oL o L
4. 1. 2330 0o Lo ... 6.49) 6.02| 4.29] ....| 208
5. 1.56( 3.23] 2.320 ... ....|2.84]| 6.61] ....| 4.24| 3.04| " ..
6. 1.58| 3.21f 2.30| .. 1 6.63) 6.88 ... ....]1.09 ....
7. | 3U018[ 2,25 L dooe | 57T 40100 Lol 0] 1,92 1.60
8. 1. 3.18] 2.23| .. | 6.80] 5.68) ... L oo ...
9. 1. 3.15 .| 1.58 .| 6.65] 5.58] ....| ....| 2.00
1.67] 3.13| 2.15{ .. | 6,78 ....| 3.951 2.93} ..
... 2.13] 1.58 2.98| 6.78| 5.45] 3.90| 2.89| ....| 1.50
3.05 2.08 L1 B.TB0 Ll L] 2.84) 2.14] L.
2.98| 2.06| . 3.03] 6.75 5.35| 3.92| ....
2.95| 2.06 v ... .| 5.40] 3.95] ... .1 1.44
2.90( 2.02 .| 6.65| 5.48| ....| 2.78| 2.10{ ...
2,83 ..., ....] 6.65] 5.45| .... .. 2.08){ 1.49
2.76] 2.01 ... 6.65| 5.39| 3.83| 2.72| .| ..o
L 2,00 .12.991 6.70] ....| 3.78] 2.7 ....| ...
2.65) 2.00 .| 2.99| 6.65 3.73 02,02 ...,
2.62; 1.98 .| 2.99{ 6.61 1.98| 1.67
2.58| 1.98 ool ooy 80150 L0y 2060 L., 1,70
2.58] ... 3.35| 6.48) 5.04[ ...l ....|1.92] ....
2.55 o ... 6.53] 4.96| ... 2.52] 1.86| 1.76
2.54 e aec o] 4.92) 3.43) 2.48] ....] 1.82
R 2.03| 4.20 4.82( 3.45 1.89
2,47 ..o Lo L. 40420 6,440 ... 3.50] 2,80} ....| 2.06
2.47| ... ... 2.34| 4.55] 6.37| 4.70} ....| 2.20( 1.75| 2.16
2470 L L L 487 .| 4.67 ... 2.46
2.43 4.75 4.60 2.20( ... ...,
2.40 4.87 oo 1.54f 2.78
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OrrErR CrREEK AT MIDDLEBURY, VT.

Location.—At the railroad bridge about half a mile south of
the railroad station at Middlebury, Addison County, 314 miles
below mouth of Middlebury River, and 3%4 miles above mouth
of New Haven River. '

Drainage Area.—615 square miles. _

Records available—April 1, 1903 to May 1, 1907, and
October 5, 1910 to September 30, 1918.

Gage.—Chain; read by Almon Lovett '

Discharge measurements.—Made from a boat just below
railroad bridge, at the stone-arch highway bridge just above the

by wading. .
dam’CZZnn}erl and c%ntrol.—Channel deep; current sluggish for
several miles above the station. Control for low stages is gravel
and boulder rips about 800 feet ‘below gage, probably somewhat
shifting; control at high stages is near the dam 800 feet farther
downstream. ) .

Extremes of discharge—Maximum stage recorded during
year ending September 30, 1918, 16.07 feet at 7.15 a. m. March 30
(discharge, 3,470 second-feet); minimum stage recorded, 11.75
feet at various times during the year (discharge, 202 second-feet).

1903-1907 and 1910-1918: Maximum stage recorded, 21.07
feet March 30, 1913 (approximate discharge from extension of
rating curve, about 8,000 second-feet); minimum open-water
stage recorded, 11.45 feet September 15, 1913 (discharge, 138
second-feet). A somewhat lower discharge has possibly occurred
at various times when the stage-discharge relation has been

by ice.
affecgij.—}ice forms to a considerable thickness at the gage and
occasionally at the control, affecting the stage-discharge relation.

Regulation.—Probably little if any effect from power de-
velopments above the station. Considerable storage has been
developed on tributaries near the headwaters.

Accuracy.—Stage-discharge relation has changed somewhat
in previous years, but apparently no change during 1917-18,
except when affected by ice. Rating curve well defined between
200 and 4,000 second-feet. ~Chain gage read to quarter-tenths

once daily. Daily discharge ascertained by applying rating
table to daily gage heights, with corrections for ice from Decem-
ber to March. Results good.



Discharge measurements of Otter Creek at Middlebury, Vt.
period ending Sept. 30, 1918 ’ ’
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during the two- year

Date Made by— Gage | Dis-
height |charge
1916.

Dec. 28| Hardin Thweatt. ... PRt R
Feb. 19| H. H. Khachadoorian|a12. 35 357
Mar. I]l;) ......... do 2l2.90 570
18 do.. al2.90 568
80 do 16.00] 3,530

31| C.H. Pierce 16:10 g:ﬁo

Date Made by— Gage | Dis-
height |charge
July 27] M.R. Stackpale. ... 115 ol
19CiS coondoal Ll 12.24 368
Feb. 1
Mar. 11
pr. 2
July 27

aStage-discharge relation affected by ice.
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_feet, of Otter Creek at Middlebury, Vi., for the years

Day Oct. | Nov. | Dec. | Jan. | Feb. |Mar. | Apt. | May June |July [Aug. |Sept.
1916-17.
1. ] 428 28311880 360 475 1,790] 3.500] 1,9701 1,270} 320 283 340
20 - 403) 9283 1.970] 360 475|1,700| 3,680 1,700 1,070 5011 248 360
s J 390 320| 880| 360| 450 1,440| 3,590 1,700 810| 426 3811 320
4o 350| 320|1.360| 381 426] 810]3,410¢1,610[ 810 320] 340 426
5. 2831 283]1,030| 381| 4037 740]3,410[1,440 810 283] 248] 360
(P w65l 265|1.070] 450 403| 640|3,320/1,270 670 360 202 220
T 48] 3010 1,070] 740| 403 555(3,230] 1,360 610| 3607 232) 320
8. 5q3| 320 1.030] 775 360 475|3,1401 1,360 11,0361 283 248} 340
1 2 175 301) '810| 705 360| 555{2,9601 1,270 1,790 232 265, 283
100 .. .. et 995 300 017| 640 860| 501{2.780|1,270{1,700; 301 403} 217
2651 320 1.0300 670] 340 555|2.42011.070 1,610 301|1,070| 265
24s| 340| 917] G610l 320 582 1,970] 1,190 2870 301 283] 283
245|983 810 582 340, 528 1,880) 1,190 2,600 340 2321 265
o1| 282 670 555 360 50| 1,440, 1,190 2,600 360 232| 283
20| 283 640[1,110] 381 501| 1,190; 1,150 2,510 260] 283 265
16, .. .. .. ... 2171 283 403] 301f 265
7. . . 2831 320 501| 3200 217
18, ..ol 2831 5320 360| 381 232
19, .l 301 340 360| 320| 283
20.. 320f 301 450[ 301] 320
21, oo 810] 320 426| 320|320
22 ... . 1,030 320 360| 340 283
23. .. 610; 301 217] 301] 265
24, ... 5011 740 301 283 217
25, 403} 1,790 283| 283| 202
26, . . 301] 1,520 283 340| 232
b7 283(1,270 248| 248] 232
28.. 283 955 248| 265| 248
20, ... 320 740 283| 265 248
30, . i 217| 775 265 283| 265
31. 283 ... 265 340 ....
1917-18.
1..... 239|2,510| 360] 220 280|2,400| 3,230 1,440 810| 320 283| 320
2.0 983|2.510| 501 210 280|2.500| 3,320 1,700| 670| 360 248| 360
3.. 26512,330] 360 210| 280 2,400| 3,320| 1,790 555 403 232| 403
Ao 265/ 2,060 450{ 220 280|2,200|3,230| 1,610 450| 340 232| 360
5.. 360/ 1.610| 426 250 220;1,800|3,140|1,360| 426 301 202 320
B, e 403[1,190| 403 220 220 1,350| 3,140{ 1,030 426 320 248 301
7., 403| '917| 320 210/ 250[1,1003,050| 955 450 340 265 320
8. 203 775 403] 220| 250 880{2.960| 917 6101 360) 248) 301
9.. 1031 670 301] 210| 230| 740]2,870{1,030| 555 4501 381p 248
10, 00 nn 381] 610| 202) 280 250| 660|2,690] 880 528| 450 501 265
11.. 340| 610! 360| 280] 250| 580|2,6001,190| 610| 450/ 360 301
12.. 590 450 301] 300[ 230 520!2,510(1,150 670 501| 283 301
13,0 .. e 403 501| 265 280 250 5202,420(1,150 955 670] 283| 301
| 450 475\ 320 280 320|  660|2,060|2600] 1,110 381 320| 320
15. 196| 4750 360| 220 400 1,200]1,9702,510| 880| 810 403| 301
4750 403 381 300| 500]1.100| 1,970] 2,330 670 640 403 248
496 450! 265| 320)1,250] 740|1.970| 2,150 475| 501] 360( 301
496 450{ 320/ 320|1,100|_ 740{1,970|1,700 450 501| 301 426
103| 320 360{ 320 960|1,100{1,970| 1,190 403 475] 248 528
250 403] 203| 320{ 960|1.700{1,970! 992| 403| 450 232 555
501| 426] 403| 220|2,3002,100(1,880; 1,070 360| 381 283 640
381 4926 381 220|2.200|2.300(1,970| 1,110 360f 320| 248 775
403 501 360| 230!2,200(2.500| 2,060 955/ 555 320 265| 880
103! 705 283 230]1,950|2.690] 2,150/ 810 1,360 340{ 248 640
501] 640 283| 260[2.100|2.780|2,060{ 670 1,440, 320 248| 1,030
cee 740 40l 283| 300!2,500]2,780| 1,970/ 670/1,080| 320 217\ 775
26 .. 740| 340 300; 340|2,400|2.960(1,790| 640 670 320] 202|2,330
27, e 775 381 280| 340|2,400(3.050| 1,520 740 528| 283 248] 2,240
28, . e 670| 340! 360 280| ....|3.140[1,360| 810| 450| 265 2065 1,970
290.30.......... 955 283l 280| 250| ....|3.500|1.360 810| 450{ 202| 2065 1,880
b5 3 2,600 ....| 220 280 3,320 ....| 810 ....| 283] 283l ....
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Monthly discharge of Otter Creek at Middlebury, Vi., for the two-year period
ending Sept. 30, 1918

[Drainage area, 615 square miles.]

Discharge in second-feet

(lﬁun}tl)ff
epth in
Month P igchps on

. er rainage

Maximum (M -nimum| Mean square area)g

mile

1,030 175 346 0.563 0.63
1,790 265 493 .802 . 83
1970 360 778 1.27 1.46
1,360 360 619 1.01 1.16
1,610 320 444 .722 .75
3,590 475 1.250 2.03 2.34
3,680 955 2,420 3.93 4.38
1,970 705 1,140 1.85 2.13
2,870 582 1,260 2.05 2.29
610 217 332 540 .62
1,070 202 317 515 59

426 202 283 460 51
3,680 175 807 1.31 17.77
2,690 232 525 854 g8
2,510 283 807 1.31 1.46
32(1) 3(1)(2) 339 551 64

263 42 .4
Febnﬁiry .......................... 2,500 220 958 1 568 1.63
N arrtl: ............................ 3,500 520 1,810 2.94 3.39
Mpal .............................. 3,320 1,360 2,350 3.82 4.26
Juny .............................. 2,600 640 1,250 2.03 2,34
u L, 1,440 360 644 1.05 1.17
o\ y..t ............................ 810 202 399 649 75
8 ugus b T 501 202 284 . 462 .53
eptember...... ... ... .. ... .. ... 2,330 248 665 1.08 1.20
Theyear...................... 3,500 202 854 1.39 18.83

WiNoOsKI RIVER AT MoNTPELIER, VT.

) Location‘.—(_)ne mile downstream from the Central Vermont
Railway station in Montpelier, Washington County, about three-
eighths mile above mouth of Dog River, and 174 miles below
mouth of Worcester Branch.

Drainage area.—420 square miles.

Records available—May 19, 1909 to September 30, 1918.

Gage—Gurley seven-day water-stage recorder on right
bank, installed July 4, 1914; gage heights referred to datum by
means of a hook gage inside the well; an outside staff gage is used
for auxiliary readings; records June 16 to July 3, 1914, obtained
from the staff gage. Chain gage at highway bridge just above
the Central Vermont Railway station used from May 19, 1909 to
June 30, 1914.

Discharge measurements.—Made from a cable or by wading.

Channel and control.—Channel degp and fairly uniform in
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section at the gage; control is formed by sharply defined rock
outcrop about 500 feet below gage. )

Extremes of discharge—Maximum open-water stage during
year ending September 30, 1918, from water-stage recorder, 11.45
feet at 9 p. m. October 30 (approximate discharge from extension
of rating curve, 8,780 second-feet); minimum stage from water-
stage recorder, 2.95 feet at 7 a. m. July 26 and 8 a. m. August
29 (discharge, 42 second-feet).

1909-1918: Maximum stage determined by leveling from
flood marks preserved on building near present gage, 17.31
feet, April 7, 1912 (discharge not determined); minimum stage
from water-stage recorder 1914-1918, 2.77 feet, August 13, 1914
and October 24, 1915 (discharge, 19 second-feet).

Ice.—Stage-discharge relation seriously affected by ice
during the winter months. Discharge ascertained by means of
gage heights, current-meter measurements, observer’s notes, and
climatic records.

Regulation—Operation of power plants on main stream and
tributaries above station cause large diurnal fluctuations in
stage (see fig. 1, p. 41, Water-Supply Paper 424).

Accuracy.—Stage-discharge relation practically permanent
except when affected by ice. Rating curve well defined between
30 and 5,000 second-feet. Operation of water-stage recorder
satisfactory during the year, except during part of October and
November when it was temporarily removed for cleaning. San-
born water-stage recorder used from November 16 to December

17.  Daily discharge determined by discharge integrator, except
for high stages and during the period December to March, when
mean daily gage heights were used. Results good for open-
water periods and fair for the winter.

Discharge measurements of Winooski River at Montpelier, Vi., during the two-
year period ending Sept. 30, 1918

Gage Dis-|i Gage | Dis-
Date Made by— height chargei Date Made by— height| charge
I

1917 Feet |Sec. fi.| Feet |Sec. fi.
Jan. 5| Hardin Thweatt..... a4.96 316/Oct, 31; M.R. Stackpole. .... 7.57| 3,460
Feb. 17| H. H. Khachadoorian| ¢5.13 306/ Dec. 18] .....do............ a4.80 389

Mar. 13 d ab.25! 303 1918
Apr. 1 8.16) 4,140/ Jan. 25| M.R. Stackpole.....| 25.06 275
Sept. 14 3.57 161/ Mar. 1| ..... do.........en, a6.06 668
14 3.76 242, 260 .....do... ...l a7.23| 1,650
15 3.47 153 iApr. 120 ... do...oiiil. 5.69| 1,510

aStage-discharge relation affected by ice.
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Duily discharge, in second-feet, of Winooski River at Montpelier, Vi., for the
years ending Sept. 30, 1917-18

| ;
Day Oct. |Nov. | Dec. | Jan, | Feb. (Mar. | Apr. (May | June | July | Aug. | Sept.

8501 158|1,4601 225 2251 320(3,710[1,260] 520] 800| 205] 300
2 3001 255 860| 225 225 280|4,320[1,380] 470 800| 295 405
S T 2401 310| 626| 210 225 240]3,230(1,280( 620 360/ 210/ 290
o 2100 335 470| 195 225 180[2,210(1,060| 1,010 420 170, 255
5 172 230| 748 180| 240 225(2,480( 960] 630 365 144 200

160| 240/ 1,100] 320 225 195/2,700| 930| 500 335 194/ 190
140| 215 790 240 168 180!3,290| 880| 480/ 310| 166| 220
85| 205 602| 210| 180| 180]2,280 830|1,060, 285 138 200
1221198 530( 195| 240] 168|1,780| 770/1,280 260 350 120
146| 205 678 195| 180| 168)1,420] 790|1,180 255 660 150

1100 1601 210| 542| 180| 155 155(1,240| 760(3,160, 260| 310| 130
1200000000 1320 138 5000 131] 131| 195/ 1,180 980|6,140{ 455] 205/ 150
130 ... 1521 1841 420 131| 131] 168]1,160| 900|2.250 475 230 120
4., ... ... 1141 196| 345 195] 143 180[1,160] 80011,460{ 330 210/ 150
5. 1301 2107 320f 895 155/ 1801,060| 760(1,260| 300 220/ 140
16. ... ... 1601 215 3200 685 155 180/1,040| 630[1,100] 305/ 225 92
17,0 164 2101 245 560| 1317 195]1,120] 580|1,300| 275/ 460/ 172
18, ..o 16820 2001 2801 2950 143 195/ 1,540| 560]2,610{ 260 860 154
19 ... 1661 172 280] 2R0| 105 210/2,100 540|1,420] 265 385 130
200 ... 440] 260) 280] 280| 168] 168&3,110] 660]/1,0000 450| 350/ 142
21, .. 890} 240| 300f 260| 168 180[3,830| 620/ 880| 315/ 670 255
22, .. ... .00 5200 210 3001 260 168 168]3,710[ 500/ 720| 220/ 400| 235
23... ... ] 3200 1900 320 280| 168 19512990 610 610/ 275 280/ 108
24, ... 260/ 1,760| 2801 225 155| 32012,250| 760! 750, 205! 245 174
25 225/1,080] 280, 225 120 860[1,650| 630] 780| 200 350/ 140

2150 420| 280 225 180|1,680|1,480] 710 570| 172| 205 140
2050 380| 260] 210 195|5.510]1,360] 640/ 540 148 225/ 166
2001 3400 260 225| 345/9,010/1,360| 550 440| 140, 184! 162

1101 370| 240| 240 ....|2990 1,280 670/ 700 68| 205/ 160

15411,680) 240, 225 ... .[1930/1,320] 890/1,420| 170 320| 134

190 ... 225 210[ ....[1780 ....| 670| ....| 190 310| ....
1. ot 255/ 1,500 276| 150 155 760|4,200/ 1,360 960! 245 130 200
2o 270/ 1,100| 284| 155 145 620]5,950/1,300(1,020 360| 120 144
[ S 2151 860| 320 110 98| 660)4,600{1,040] 530 270 100| 180
4o 255 680; 345 140/ 110 470(2,600| ®=50| 350| 194 60| 150
S 5001 620/ 325 130| 125/ 440[2,000| 700| 310| 220/ 106| 136
6. 620/ 560 284 65| 125/ 420(1,700] 640 270 150 77 160
T 3201 5201 268| 110| 130, 400/1900| 640| 760 172 92| 158
S ] 2801 4700 272 75| 1’01 37012,000f 600| 670/ 245| 100/ 130
9o 390| 440 237 751 115 32C|2,450| 530 395 215/2,900| 152
100t 3201 390! 290 88| 130{ 400/1,960| 510/ 395 200{1,160; 120
B 2101 500| 290| 105/ 150 370|1,580|1,040] 330 245 500/ 124
2. ..., 3201 370| 220| 120( 155| 370|1,440| 750 760/ 260| 330/ 118
D S 620| 260/ 260/ 120/ 185/ 400|1,480}1,240(1,120, 250| 240 154
Moo 3701 195/ 260| 180 250 400|1,780(2.350! 620 285/ 530| 225
5. 3401 240) 250; 165 310 400|1,900|1,320| 435| 340/ 925 154

4401 300| 170; 185| 310 370/1,000] 880 350| 240! 365 164
420 284\ 250 210| 310 400{1,700| 720 315 185 275 180
280| 264 240 185] 310/ 600]1,760] 620 295 195 184 325
2101 312| 240| 210{ 310 640|1,360| 560 265 200/ 210/ 640
960 268| 240| 220/ 409|1,600|1,1%0| 550| 235| 165 176| 320

21l 6601 316/ 2407 195| 700i1,150]1,180] 520 220| 106| 156]1,080
22 .. 3701 345) 220 185 580(2,000(1,860] 440 225 170| 136

23, il 240 345/ 185 250| 480[2,400(1,600| 455 430[ 140 142 395
24, .. 320 312| 240 230{ 380[1,800[1,440| 400 405 125 134/ 890
25, 900; 231| 210| 195/ 360[1,800{1,160| 335 340| 100 93] 780
26............0p 8200 2191 2000 195 910| 1,800 1,000 340| 260 100 140|2,000
27............0] 720] 207 175 170[1,200|1,400] 930 660 235 91t 128| 3,000
28, ... 860 183 185 145!1,050|1,700f 960 670 200 74] 118/1,420
20 ... | 7200 1850 145 190] ....[2,900| 1,000 440| 156/ 108 102| 900
30, 3,700/ 210] 115 140! ....|2,300[1,280| 840| 203| 118 114| 670
3l........ 3,450| ....| 125/ 160| ....|2,900| ....| 660 ....| 130 102| ....
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Monthly discharge of Winooski River at Montpelier, V., for the two-year period
ending Sept. 30, 1918

{Drainage area, 420 square miles]

Discharge in second-feet Run-off
(depth in

inches on

Month Per drainage

Maximum{Minimum| Mean square arca)
mile
1916-17
October.......... ... . ... ..., 890 85 232 0.552 0.64
November. . 1,760 138 367 .874 .98
December. . 1,460 225 467 1.11 1.28
January. . ... .. ..., 895 131 275 655 .76
February........... ... ... ... . ... 34 131 184 438 .46
March. ... ... .. i 9,01 155 922 2.20 2,54
April. ... 4,320 1,040 2,130 5.07 5.66
May.. ... 1,380 540 793 1.89 2,18
June. .. ... ... .. 6,140 440 1,230 2.93 3.27
uly. .o 300 68 : L757 .87
August. . ... . 860 138 303 .721 .83
September. . ... ... ... .. . 405 92 179 426 .48
Theyear...................... 9,010 68 616 1.47 19.95
1917-18

October. ...... ... . ... ... ... ... 3,700 210 671 1.60 1.84
November. .. ...................... 1,500 183 493 1.17 1.30
December. ... ........ ... ... ... 345 115 236 . H62 .65
January. . ... oL 250 65 156 371 .43
February....... ... ... ... ....... 1,200 98 343 817 .85
March. ... ... ..o 2,900 320 1,050 2.50 2.88
April .o o 5.950 930 1,930 4.59 5.12
May........ ... . .. 2,350 335 773 1.84 2.12
Juone. .. ... 1,120 156 435 1.04 1.16
July. . 385 74 193 459 . h3
August. . . R 2,900 6{ 321 . 764 .88
September. ........ ... ... .. 3.000 118 525 1.25 1.40
Theyear........ ... ... .. ... 5,950 60 593 1.41 19.16

Doc River a1 NorTHFIELD, VT.

Location.—At highway bridge near Norwich University
campus in Northfield, Washington County. Union Brook joins
Dog River a short distance below station.

Drainage area.—47 square miles.

Records available—May 14, 1909 to September 30, 1918.
Records from May 14, 1909 to August 22, 1910, obtained at lower
highway bridge, those from August 23, 1910 to date, at present
location.

Gages.—Water-stage recorder on left bank below highway
bridge; gage heights referenced to gage datum by means of a
hook gage inside the well. Inclined staff on left bank read by
Florence C. Doyle from August 30 to September 30, 1918.

Discharge measurements—Made from highway bridge or by
wading.

Channel and control.—Channel composed of gravel and
alluvial deposits; subject to slight shifts.

Extremes of discharge.—Maximum stage during year ending
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September 30, 1918, from water-stage recorder, approximately
5.05 feet on April 2 (discharge, 960 second-feet); minimum stage
from water-stage recorder, 0.85 foot at 11 p. m. August 3 (dis-
charge, 8 second-feet).

1910-1918: Maximum stage recorded at present site, 8.5
feet March 25, 1913 (discharge, 3,400 second-feet); minimum
stage recorded, 0.60 foot September 10 and 11, 1913 (discharge,
3.0 second-feet). At the lower gage, 1909-10, flow was prac-
tically zero at various times when water was held back by dam
above gage.

Ice.—River frozen over during winter; stage-discharge
relation affected for short periods.

Accuracy.—Stage-discharge relation fairly permanent except
when affected by ice. Rating curve well defined below 600
second-feet. Operation of water-stage recorder unsatisfactory
during a considerable part of the year as shown in footnote to
daily discharge table. Daily discharge ascertained by applying
rating table to-mean daily gage heights, determined by inspection
of gage height graph, and from observer’s readings (staff gage
readings to quarter-tenths twice daily). Results fair.

Discharge measurements of Dog River at Northfield, Vi., during the two-year
period ending Sept. 30, 1918.

Date Made by— Ggge Dis- Date Made by— Gage | Dis-
height| charge height{ charge

1917 Feet | Sec.-ft 1918 -
Jan. 6| Hardin Thweatt..... 1.68| 44.9|{Jan. 24 M.R. Stackpole. fle,eztg Se%iﬂs'
Feb. 16| H. H. Khachadoorian| al.45| 27.0|/Feb. 28| .....do............ a2. 59| 162.
Apr. g C.H. Pierce........ 4.12| 560 Apr. 12{ .....do............ 2.75| 213.
(S)el;tat. zlﬁ) iuly gg H.W.Fear......... .92 9.4

ct. ug., 2! . W. Moulton.
Ot 3 g J oulton 1.01] 11.8
Dec. 18

aStage-discharge relation affected by ice.
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Daily discharge, in second-feet, of Dog River at Northfield,Vt., for the years ending

Sept. 30, 1917-18

Day Oct. | Nov. | Dec. | Jan. | Feb. | Mar.| Apr. May
.. 1910—17 22 22 4951 215
2 17| 22 570| 235
3 e 15 33 415 225
4o e 14 30 402| 187
B et 3 25 378| 168
............. 13| 24 a7g] 185
? 12| 22 365, 169
- I 12| 22 o85| 166
9 14| 22 2431 166
15 26 201 158
14| 20 | vl 152
13 18 291 175 151
13| 18 o8 172| 144
20| 18 20| 183 140
5] .... a9) 179 116
16, ceeveennnns 13 200 170, 98
170 e 14 32| 203 86
18 it S IR P 31| 275 79
190 e 18l 310 390, 78
20, . e 78 331 535 S8
LS U 66 31 602 77
b F 35 33| 555 79
27 YO 27 37| 465 100
24, 23 80 365 100
2 e 22 147 275 102
26. . 20/ 204) 241| 104
27 20 355 235 92
28 19 7000 295 79
29 18 365 215 118
30 18 285 225 140
31 18 o750 ... 102
1. 16| 198 570 157
2.. 12| 153 760 135
3 121 127 585 119
4 18| 106 390 104
5 30 93 3021 95
[ T 39| 89 255, 90
S 250 85 315 89
- S 19 75 315 85
- PO 19| 74 390 80
ST P 170 73 o8
5 U 16! 65 138
[ O 20{ 63 101
13 et 63 54 158
1o ennnns 34] 53 249
15 e 34| 49 1565
16 e eeereannns 41 51 124
17 32| 48 108
18 et 25 48 94
19, e 23| 50 83
20 e 44| ... 75
21 38 237 22711 75
22. . 30 304 270 67
23. . 27 304 229 ....
24 33 281 217
25 128 281 169
6. e 61 264| 146
27.. 46 225 145
98 e 128 2350 223
29, i 79 281| 186
30, s 527 315 207
Bleviinnennnn. 327 444| ...

June

9.
9.
9.

10
11

orges]es]

Aug. [Sept.
15 28
15 31
14 24
13 20
11 20
10 21
11 21
10 19
50 19
34 18
12 20
11 14
14 14
12 14
15 13

109 14
108 12
63 10
37 9
30 17
41 18
3¢ 14
28 12
34 11
33 10
25 9
22 10
20 10
25 11
27 14
25| ...

10 33

9.6 16
8.6 13
8.4 12
9.0 13
8.8 19
9.0 19
11 14
196 14
66 12
43 12
33 14
22 16
67 19
. 14
16

19

32

47

62

107

49

35

54

48

... 268
10 257
11 190
11 104
12 83
12 ..
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Monthly discharge of Dog River at Northfield, V., for the two-vear period ending
Sept. 30, 1918

[Drainage area, 47 square miles.]

Discharge in second-feet Run-off

(depth in
Month inches on

Per drainage

Moximum|Minimum; Mean square area)
mile
1916-17
October 78 12 20.8 0.443 0.51
November.......... ... ... b 0T T ad? . 894 1.00
December. ... Ly ab3 1.13 1.30
January. ... o oL a44 . 936 1.08
February . . P Y I a33 .702 .73
March..... .. R 7000 ........ al00 2.13 2.46
April........... . 602 170 321 6.83 7.62
AY . 235 V7 132 2.81 3.24
June. . ... .. L. 680 46 146 .11 3.47
July...oooooo 90 16 36. 8| 783 .90
Auvgust. ... . ... ... . . ... ... 109 10 29.3 623 72
September. ...... ... .. .. 31 9 15.9 338 38
The year................. ... 700 ........ 80.9 1.72 23.41
1917-18

October........................ .. 527 12 63.3 1.35 1.56
November.................. ... " 1981 ...l 61.0 1.30 1.45
December.. ..o oo 0oL a28.0 . 596 .69
................ al7. b L3872 .43
................ ad42.5 .904 .94
444 ... 138 2.94 3.39
760 145 285 6.06 6.76
249 ... ... 99.2 2.11 2.43
........ 19 39.5 . 840 .94
........ 9.6 16.7 355 .41
196 7.0 25.3 538 .62
268| 12 53.7 1.14 1.27
7600 ........ 72.3 1.54 20.89

a[_)isch_arge estimat_ed from results of discharge measurements and comparisons with records
of White River and Winooski River.

Lamorrre River at Cabys Fairs, Vr.

Location.—About one-fourth mile below power plant of
Morrisville Electric Light & Power Co., at what was formerly
known as Cadys Falls,2 miles downstream from village of Morris-
ville, Lamoille County.

Drainage area.—280 square miles. .

Records available.—September 4, 1913 to September 30,
1918. A station was maintained at highway bridge near power
plant at Cadys Falls from July 28, 1909 to July 13, 1910.

Gages.—Friez water-stage recorder in gage house on right
bank, one-fourth mile below highway bridge at Cadys Falls.
Gage heights are referred to gage datum by means of a hook
gage inside the well; an outside staff gage is used for auxiliary
readings.

Discharge measurements—Made from a cable or by wading.

Channel and control.—Channel smooth gravel; well defined
gravel control 500 feet downstream from gage.

|
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i from

Extremes of discharge—Maximum open-water stage :

water-stage recJ;rder during year ending ?epterr(liberhglf),e 1f?é§ri

10.66 feet at 7.45 p. m. October 30 (approxm'la'te isc urgr;l o

extension of rating curve, 7,430 second-feet); Klmmt T, Stege
from water-stage recorder, 1.85 feet at 1 p. m. August 1<

) nd-feet). _ ,
Char%%l?’fl%ic&? : Maxiinum stage recorded, 10.66 feet October
30, 1917 (approximate discharge from extension of r?tlng A:urz(sel,C
7 4130 second-feet); minimum stage recorded, 1.82 feet Aug
1’7, 1914 (discharge, 50 second-feet).

Ice.—River freezes oye}:fldurflfngt ec>1< reme:
_discharge relation slightly affected by 1ce.
StageA(llcS;raacl;fg.—Stage—discharge relation practically perm(:;nent,
except when affected by ice. Ratfing cur\;eil well ggﬁ?e}iar eff;g;
: : g
tion of water-stage recorder satis actory rl(()1 out yoar exen
iods during the winter when clock would not ru ount
f)(%regfsll“le(;ne cold.g Daily discharge ascertained by discharge inte

grator. Results good.

tremely cold weather;

cnayr easurements o Lamotlle River at adys Falls Vt. dmmg he two-year
€ C V. 5 5
Discha ge measureme f s 3 9 ¢

| [

i by— Gage | Dis-
Date Made by— h%iaé%et c}?alrsg-e Date. Made by height charg—i
Feet |Sec. fl.
Feet |Sec. ft. 1918 Teet e

oy C P .R.Stackpole.....} @3.35 3¢
Dec. 28|Hardin Thweatt.... .. a2.43 190!| Mar. 2% M .Bdo. . c p """"" ai ig 1 514(33
Mar 0] 11 . Knachagoorian 2.72) daslaee oo R TG
Bel B3 M'Rcic?tac%.p?.lé'.lﬁﬁ'. 42,30 167||July 25| H. 'W.Fear........ 2200 147

aStage-discharge relation affected by ice.
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. Daily discharge, in second-feet, of Lamoille River at Cady

years ending Sept. 30, 1917-18
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s Falls, Vi., for the

|
Day Oct. ’Nov. Dee.  an. | Feb. | Mar. | Apr. | May June
1916-17
5331 11811,5201 2000 250/ 250|2,260(1,000| 305
302|  343) 770| 1950 240/ 300 3,4201 1,060 415
2301 3397 560 1950 200] 290| 2,680 1,020 410
191 359 428 195 180| 250 2,100] 800 510
1631 313] 614) 210| 205 260(1.880| 600! 450
6. 163 272] 972] 244 200| 230 1,800 610{ 350
T, 1320 244 743 251 195 220 2,430 600| 300
8o 112|188 551 276 210] 200 1,590 560| 385
Q.. 144f 175 471| 265/ 250{ 185| 1,090 530! 440
10... ..., .. 156) 211 614 276| 250 185 820 550] 415
1., 147/ 1911 462 287 200 170| 720 700!1,140
4161 2068 200 210! 672| 960 3,420
347|248 200] 203] 636 760, 1,340
2620 258 100] 205 632 610! 840
2790 770] 180! 1901 587| 540] 730
251 185 596 4407 620
237 1901 632 385 640
240 1750 1,180  345| 1,860
220 200} 1,800  330] 1,080
240 1851 2,770 390 1,060,
220 150[ 3,620 410 870
220 10013,4200 330 580
207 190] 2,680| 370 460
201 8701 1,840 510 5e6
210 870[1.3201 295 600
205 1,060 1,150 310 460
200 2,020 8951 360 585
230 3,620] 795 310| 320
200 2,100[ 972 350 455
30, 129 1,590 200 .1 1,3200 1,060 520/ 1,000
3l 115" .. .0 200 S LeEON Lo ] 8700 L.
1917-18
P 3851 1,5000 2750 240] 190/ 560|3,150 1,080{ 590
2o i, 330] 1,020] 250/ 2001 190 4350|4550 960| 630
3.. 2600 820| 230 220 200] 370[{3,900] 600 380
4. . 430[  680| 240| 200/ 200{ 370(2,100| €20 300
5.. 740] 610! 235 240 200{ 290 1,620] 495 265
6. . 950| 550] 230| 220| 220 270 1,260] 470, 240
7 640] 520| 230| 2000 220| 250 1,520] 495 720
8.. 4301 455) 200] 200| 220] 240 1,760 440, 550
9 660 420] 210] 200{ 240| 450 2,1001 405 350
10 4950 425) 2201 200| 200] 450 1,620| 385 315
P 4001 530] 220/ 190 190 490|1,160] 800| 280
120 ..., 355 445| 200/ 190] 170 430|1,040| 580! 820
L 7801 305/ 200/ 190| 140 350 990 8201,520
14.. 5830|3001 200 190 140{ 270 1,100[ 2,2501 80C
15, ...l 485) 330} 200] 170| 1551 270|1.420 1,080 5906
6., ..., 720\ 325 200] 170] 220| 220 1,7401 700) 435
17, o .. 5101 2701 200 170 240! 200 1,520 680] 290
18 . oL, 3901 240 200{ 170 250 270 1,380| 410/ 425
19, ... ..., 350 2750 200 153 220 350 990 3301 480
200 ... 10000 260[ 200 155 290| 410 8201 325| 245
200{ 155| 5201 600; 820] 325 140
200/ 140{ 600|1,100| 1,520 330/ 215
2200 140| 540|1,750/1,460| 720 390
200| 140, 390]1,250(1,240| 485 410
190] 125/ 290| 970 940| 340/ 345
200] 125 440| 970 740 250 295
200| 140| 880| 840|+ 570| 340| 255
200] 155 780; 720 700! 380 225
2000 190| ....| 900 740[ 325/ 220
200 170( ....|1,500(1,080] 710l 230
220; 190 1,950 ... 550| ....

July |Aug. |Sept.
900| 435 405
960{ 550[ 465
660] 590{ 550
430 420| 435
310] 205 360

g
3001 230{ 340
2001 220 360
182 205 360
215 630 220
2400 700| 215
2201 440| 240
255 360 210
285 325 192
S80] 290 196
4501 325[ 180
400( 320 174
350, 1,2601 162
310) 1,620 116
410/ 710] 154
475 640 240
5401 920| 285

1,1401  650| 180
8201 385 150
5001 420 162
330] 670 200
2751 480 178
2500 390] 162
210 335] 186
2901 490 205
6201 620/ 235
530| 870| ...
1841 110 196
290 104] 140
300| 100 112
220) 90| 114
176 98! 112
170, 116 118
1841 110, 130
198] 132] 100
184 465 120
172]  330f 120
196 235 112
164 174] 112
198)  164| 112
2550 152] 230
275 162 lﬁ
200) 1781 136
158! 142| 215
174 114] 255
158 1220 330
122) 120 210

95| 144 490
87/ 140 335
116| 130{ 285
124] 104| 740
114 961 770
104] 110 950
99 112( 2,500
85 851,560
85{ 100| 540
162 104! 520
140{ 110/ ....
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. . : od
ly discharge of Lamoille River at Cadys Falls, V1., for the two-year perio
Monthly discharge of ending Sept. 30, 1918.

[Drainage area, 280 square miles.]

i E in second-feet Run-off
Discharge in sec (oot
n on
Month Per Idr%}{lgzge
Maximum|Minimum| Mean square arca)
mile
1916-17 )
. 533 112 252 0.900 1.04
Rovemper L 130, 18 3% 136 152
Desember. Ll 1,520 200 4033 1.44 1.66
Jaerffar L 770 3195 312 1.11 1‘%
Febranry | ..o 250 105 188 671 , 19
March. . .. 3,620 150 562 2.01 32
April, 3,620 587 1,600, 571 6.3
Fay 1.060 205 546 1.95 2.25
A SRRSO SO ORI 3,420 300 745 2.66 2.97
June. ... ...t 3420 10 [ 2.6 2.97
JUly . L1 182 440 1o 58
S er ’550 116 9520 lo00]| 1,00
ThE YEaT. o« v eeeeeaeeaaeaens 3,620 105 518  1.85 25.10
1917-18
260 791 2.82 3.25
gctobne;%e .......................... 411%88 250 & T8 325
Decernber 275 190 212 757 : %71
ar 240 125 }7.3 . 639 o
{‘a%u LA ) 880 140 305|  1.09 1
Farch. . 1,950 200 620 2.25 2.50
Aemn 4,550 570, 15100  5.39 6.01
May. 2,250 250 604 2.16 249
A IO 1,520 140 432 1.54 1.72
JUNe. o oo i 520 a9 182 2 12
Auly"t""'"““"""'fﬁ:ﬁ:ﬁﬁ'.ﬁ'. 165 85 144 .514] .59
séﬁiﬁnbéi””””ﬂililﬁ ........... 2,500 100 394 1.41 1.57
TRE YEAT .+ v e ereeeaeaennnn 4,550 85 483 1.72 23.41

GREEN RiviEr AT GARFIELD, VT.

Location—At site of old dam above highway bridge at
Garfield village, town of Hyde Park, Lamoille County. Green
River is tributary to Lamoille River about 4 miles east of Morris-

ville. -

Drainage area.—20 square miles (approximate).

Records available—January 3, 1915 to September SQ, 1918.

Gage.—Inclined staff on left bank in pool back of weir; read
by P. M. Trescott. ‘

" Discharge measurements—Standard sharp-crested weir of
compound section; length of crest at gage height 0.00 is 9.0 feet;
at gage height 0.83 foot, length of crest is increased 11.17 feet.
Current-meter measurements made at -footbridge about one-
half mile downstream from weir, and at old bridge about one-
half mile above weir. o '

Channel and control.—A pool of considerable size is formed in
the old mill pond back of the weir; at ordinary stages the velocity
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of approach to the weir is very small. Some water leaks around
the weir in the old tail-race on left bank.

Extremes of discharge—Maximum stage recorded during
year ending September 30, 1918, 3.03 feet at 9 a. m. October 31
and 5 p. m. April 2 (approximate discharge from extension of
rating curve, 306 second-feet); minimum stage recorded. 0.29
foot August 28, 30, and 31 (discharge, 4.7 second-feet).

1915-1918: Maximum stage recorded, 3.6 feet at 9 a. m.
April 12, 1915 (approximate discharge from extension of rating
curve, 436 second-feet); minimum stage recorded, 0.29 foot
August 28, 30 and 31, 1918 (discharge, 4.7 second-feet).

Ice.—Weir and weir crest kept clear of ice during winter;
stage-discharge relation not affected by ice.

Regulation.—An old timber dam about 2 miles upstream
affects flow to some extent. The dam leaks by an amount some-
what greater than the low-water flow. During prolonged low
stages the surface of water in pond (103 acres) falls below crest
of dam; subsequent increased flow into pond is retained until
water again flows over crest, when the increased flow is apparent
at gaging station.

Accuracy—Stage-discharge relation practically permanent.
Rating curve based on weir formula, Q = 3.33 LH®*’* with
corrections determined from current-meter measurements, and
with logarithmic extension above gage height 1.90 feet. Gage
read twice daily to hundredths. Daily discharge ascertained
by applying rating table to mean daily gage heights. Results
are good below 130 second-feet; at the higher stages the weir is
flooded and results are somewhat uncertain.

Cooperation.—Gage-height records furnished by C. T.
Middlebrook, consulting engineer, Albany, N. Y.

Discharge measurements of Green River at Garfield, V3., during the two-year
period ending Sept. 30, 1918

Date Made by— Gage | Dis- || Date Made by— Gage | Dis-
height {charge ||- height |charge
1917 Feet |Sec. ft.|| 1918 Feet |Sec. fi.
July 21{e¢M.R.Stackpole.....| 1.60/ 89 July 25[bH.W.Fear......... 39 6.9
21|bHardin Thweatt.....| 1.59| &6 . 25ia. .. .do .39 7.6

eMade at sectionj ust above Taylor’s Brook; about 14 mile below gage.
bMade at old bridge about 15 mile above gage.

&
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Daily discharge, in second-feet, of Green River at Garfield, V., for the years ending
G dreehares Sept. 80, 1917-18

Day \Ocr.‘Nov. Dec. | Jan. | Feb. | Mar.| Apr. | May | Junc JulykAug. Sept.
y e 1216 139 12 |12 | 0.7] o8| 104l 24l 6 |35 |85
ol 120 16| 76 12 |12 | 9.7) 156/ 10 20/ 76 | 34 | 36
3o.ollliloa2lo190 611312 |10 17yl 89) i G2 51| 36
4.l 1| 23] 3213 |11 |10 - 148 73] 20{d42 41 |35
5oL Ll 11| 21 37013 |12 |10 | 18] 65 19/ 20 |33 | 34
18| 7s| 13 11 |10 | 128 60| 17/ 23 |30 |3
?"”"“IIIZZ H 12 6712 |11 | 11 1460 55 1719 | 27 | 32
8. oL 1| 18| 47) 12 |12 |11 | 11| A3l 20117 {25 |28
9l 1 14 3513 |12 |11 88 49 2316 | 60 | %6
100, 11| 15| 42[ 12 |11 12 62| 48/ 20| 16 (116 | 26
14f 85l 11 111 |12 54 60| 75 14 | 76 | 24
ol w5 S oo | 47) 83 2031 19 |43 | 23
B 11| 14 2|12 |10 |12 00 74l 112| 16 | 34 | 22
14 13 13 2417 |10 | 11 so| 55 77119 |32 |18
5., 1] 13| 22|19 |10 |12 35| 44| 79| 7% 130 |12
3l 19015 | 9.7 12 34 as| g7z |28 |12
%?"""'Iﬁﬁfﬁﬁ g g 19| 16 97| 12 a8 801 61l 4T ) 5L 12
18 .. 1 12 17116 | 9.7 12 6o 28 95| 8% |10 | 1
190000000 120 13l 16/ 16 | 9.3( 12 | 14 26 7420 |77 |12
200 16 13{ 16| 16 9.3 12 | 234] 27| 5/ 79 |64 | 14
........ 120 16 16 | 9.3/ 13 | 204l 27 51 | 14
%IZZZ ......... % 116/ 16 | 9.3 13 | 318 2 4 |13
23, 300 14 16 14 | 9.5 14 | 279 o7 Bs |1
24, Ll 22| 75 16/ 14 | 9.8 18 | Tos| 30 B 1
95, Ll 19| o2 18| 13 | 9.3 17 | 117] 30 1 |12
........ 17 a3l 1513 | 9.3) 22 | 108] 35 a1 | 12
%?IIII ......... 1% 30| 15 12 | 10 | 34 95 31 57|12
28, ., 15| 30, 1413 |10 }o7 96| 27 Mo
29, . 14 320 13 13 104 | 104 25 59118
300 ..., 13 85 12 12 $3 | 108] 30 81
31, 13 12| 12 75 27 27|
s 17| 126] 18/ 11 | 9.7| 11 163 84 6320 |15 | 8.4
2oLl 20 8L 1711 a7 2T &7l 0200168
3oL a7 82 1710 | 9.7/ 11 286 68 39019 113 | 6
4. 32 47| 17|16 | e[ 11 | 2070 a0 | ls |13 | 5.7
5oLl 35 431 17]10 | 8712 | 163 40| 2001 |13 | 5.7
....... 51| 15 11 | 8.4/ 12 | 18| 34 18l 1s |12 | 8.7
g'ﬁfﬁﬁ ........ Zé ‘32 15 11 g4 12 | 149 40 27|19 |14 | 6.6
S L 460 32 13 11 ¢ 8.0l 12 170l 32 GOj 18 | 14 | 6.3
9. LIl 490 20 16| 10 | s.4/12 | 172| m0| 5819 22 | G
10000 41 28| 15 9.7 87013 | 139 32 3217 |16 | 6.3
........... 571 271 13 9.3 8.7 14 | 108 620 23 17 |14 | 6.0
gﬁ ............ 33 280 13 9.7 9.0/ 15 911 58| 47 17 | 13 g.(])
1B 38| 25 13100 | 97| 14 0 72 o8 7 | 12| T
4.l al 24 14010 |10 |14 | 1000 2100 65 21 |12 ) B4
1500000 350 23| 14/ 10 |10 |14 | 1s9| 117 51|18 |12 | 7.
............. a0l 23| 1310 |10 {14 | 197] 68| 3815 {11 | 7.1
W 47 221 13110 | 97014 | 181 49 3213 114
8. a7l 21l 13110 | 97114 | 163 890 2710 11011
19 31 21| 14{ 10 | 9.7 15 o5 B2l 2 0710 H12
20 a6 20, 14| 9.7/ 12" |17 74 28] 23 0.0 9.7 13
............ ol 20| 14/ 9.7 12 |22 78| 30| 21| 8.4 9.3 25
s e T P B R NP I zil 800 0.3 21
23 ... 35 29 13110 |11 | 34 131 33 23| 7.7 8.4 %
240 21 1310 110 32 | 10 a2 %) T4 5 3
25, 39| 22| 13/ 10 |10 |20 77 98| 26| 7.4| 5.5
............. 12| 14 3 | 4 64| 98] 23 7.1 5.5 68
SRS % B 116 |1 60 6ol 33 22 71l 5.2lIS8
28 ... 51| 17| 12( 9.7| 12 | 62 700 400 20 6.9) Lo
29, 56/ 17| 12| 9.7 .T..| 65 71| 4ol 25 6.6 5.2 82
30,0 130 16| 11| 9.7 69 a0l 20023 4751
31l 264 11l 9.7 90 64 6 | 4.7 ..
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Monthly discharge of Green River at Garfield, Vi., for the two- ; ]
om0 19’18 , f wo-year period ending

[Drainage area, 20 (Approx.) square miles]

Discharge in second-feet Run-off
Month '<depth o
) ; Per 1gch§:s on
MaximumjMinimum| Mean S rainage

square

mile area)
etah 1916-17

ctober. . . ... 5
Igovember ........................ (4)3 %? %ii (1) Zg (1) gg
Jae;‘f;;ger ......................... 129 12 31,8 1.5 1.83

........................... 9 13.6 58
I;/Fg):ga}?ry .......................... 12 9.3 10.4 (;3 Zgi
Mareh. .o 104 9.7 23.0 1.15 1,33
Bpril. L 318 34 123 6.15 6.86
May . . 104 24 47.5| 2,38 2.74
June. 203 17 544 2.72 3.04
o EY | g

= : Es
September. . . 36 12 20. 5| ? (3)5 ??Z
The Year. ... oeunnnn... 318 9.3 37.9] 1.9 25.72

- 1917-18

Rowember. 1 B 1 a3 Ty 1%
};i:‘f;l;ber .......................... 17 11 13.9 g 5
Jantary. . 11 9.3 10,1 505 .58
Febraary. ...l 13 8.0 9.95 498 52
Mareh. /..l 90 11 25.4|  1.97 1,46
Aprl... 286 84 152 6.60 7.36
My, 210 26 53.5|  2.68 3.09
e 98 18 35.5  1.78 1.99
Nt R 6 BT - 81
September. . ........i i i 188 5.7 28.7 1 220 1 g%
The Years o v oueeennnnn. .. 286 4.7 34.6)  1.73 23.46

Miss1sQuol RivER NEAR RICHFORD, VT.

Location.—About three miles downstream from Ri
: ' ichford,
Franklin County, 3 miles below mouth of North Branch, and 2
miles abqve mouth of Trout River. ’
gram;ge area.—445 square miles.
ecords available.—May 22, 1909 to December 3, 191
]uneG26, 191G1 to September 30, 1918. /1910, and
age.—Gurley water-stage recorder on left bank, about one-
fourth mile above highway bridge; chain gage on highway bridge
}Clse]d) frombjunse 2169,]1911 to July 31, 1915. From May 22, 1909
ecember 3, 10, gage was just bel 1 ’ -
Comlggs Co. in Richford. : oW plant of the Sweat
adic g”C arge measurements.—Made from highway bridge or by
Channel and control.—Channel dee j
. p, banks not subject to
?geﬁﬂovg s‘)ccre:ilr.n ’t;led clomposed of gravel, boulders, andJ ledge
ck. ontrol is sharply defined b (
b gt ply ned by rock outcrop about 100 feet
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Extremes of discharge—Maximum stage from water-stage
recorder during year ending September 30, 1918, approximately
17.5 feet on April 1 (stage-discharge relation affected by ice);
minimum stage from water-stage recorder, 2.16 feet at 4 p. m.,
August 30 (discharge, 44 second-feet).

1911-1918: Maximum stage recorded, approximately 17.5
feet on April 1, 1918 (stage-discharge relation affected by ice);
minimum stage recorded, 4.15 feet by chain gage, July 14, 1911
(discharge, 8 second-feet).

Tce.—Stage-discharge relation usually affected by ice from
December to March; discharge determined from gage heights
corrected for backwater by means of current-meter measure-
ments, observer’s notes, and weather records.

Regulation.—Considerable daily fluctuation at low stages

“caused by operation of power plants at Richford.

Accuracy.—Stage-discharge relation practically permanent
except when affected by ice. Rating curve fairly well defined
below 6,000 second-feet. Operation of water-stage recorder
satisfactory during the year except as indicated in footnote to
daily discharge table. Daily discharge ascertained by applying
rating table to mean daily gage heights determined by inspection
of recorder sheets; determinations for periods for which no record
was obtained are based on comparison with records of flow of
streams in adjacent drainage basins. Results good for periods
when water-stage recorder was in operation, and fair for other

periods and during the winter.

Discharge measurements of Missisquoi River near Rickford, V1., during the two-
year period ending Sept. 30, 1918

Gage | Dis- Gage | Dis-

Date Made by— height |charge Date Made hy— height |charge

1916 Feet | Sec. fi.|| 1917 Feet |Sec. ft.

Qct. 3 .. 3.80 614!|Dee. 12| M. R.Stackpolc.....| a4.26 315
Dec, 31 a4. 88| 381(| 1918

1917 Jan. 30| M.R.Stackpole.....| a4.069 160

Mar. 9 a4. 30 288/|Mar. 6| ....do............. a6. 48 760

Apr. 2{ ....do 9.39 5970{Apr. 1| ....do...aien al3.49 4,730

July 25| Hardin Thweatt. . ... 3.65 486 1 ....doo i al3.69] 4,800

26/ M.R.Stackpole.....| 3.57 417 gl ...odoooiie 7.17] 3,430

Oct. 11| ....do.. vt 4.09 809 9 ....do. .. 7.690 4,090

July 24 H.W.Fear......... 2.91 234

Aug. 31| J.W. Moulton. .. 2,20 51

do..oooooaa 2.35 84

aStage-discharge relation affected by ice.
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. . . .. . 55t i Ri ; d, Vi., for the two-year
Daily discharge, in second-feet, of Missisquoi River near Richford Vi Monthly discharge of Missisquoi River mear Richford, Vi,
vears ending Sept. 30, 1917-18 ford, V., for the period ending Sept. 30, 1918

{Drainage area, 445 square miles.]

Day Oct. [ Nov. | Dec. | Jan. | Feb. | Mar. Apr.| May June) July IAug. Sept.

TSP . _ Discharge in second-feet (I;unt—lcq)ﬁ_n
1o LBB0L 545 37400 360 430 4601 4,050 2,100]  640{2,240| 296 55 inches on
Zo Q00 700/ 3140 SO0 4101 520138501 2,510( 600/ 1,880 314 600 Month Per o || drainage

............. 568 720] 1.6 : 3601 490 8,000| 2,440|  625] 1.9 3 i ini g :
4000 488 7320 9801 310| 360 460| 6.4%0] 1510 1,(1575 220 596 550 Maimum| Minimum) e | s "
el ALBE 668|150 3100 360) 430] 51160 11480, 950] 575 bag| oo

575118001 360 360| 41014.380|1,280| 710| 487 295 1916-17 : 5 2 2.08 340
52111250 520] 360 380/ 4600 1240| 6500 418| 5o S8 Qetober. . oo e 29 ol 507 2.31
TENIT.0000 4601 380/ 360]4,050) 1,170 600| 363 200| 355 November. . ...oovonrenenee 3740 360! 819 1.84 2.12
I881 860 4100 4301 310(2.740) 1,140 650| 335 63| 307 December......convhve i'»ﬁoo 310 540 1.21 1.40
B30 1,050 360/ 430 280| 1920|1170/ 1,5000  350| 1,170/ 454 %‘ag‘lafy """"""""""""""" 430 230 340 764 180
% ebruary . . ..o Lo < 92.99 2.64

820 840 310 410] 280| 1,440| 2.200] 3150|203 800| 455 March. ..o 2600 150 Y950 753 8.20
4201 760| 310| 3600 360]1,360( 2:840] 6.120| 300| 482 383 April.. . 2.840 710 1,370 3.08 3.55
4400 640/ 3100 240 3601 13601 2,060 4.600| 375 35| 499 May...ooovveennr e 6120 424 13800 3.10 3.46
44013808 3601 310) 360(1,2401 1,560 2,540 383 3071 500 Jume. . 2940 282 691 1.55 1.79
440] 4901 1,500/ 2810|3401 1140] 15201 21440 428 318 57g Mass. 2,640 200 604 156 1.80
prin/ 1.2501 3101 340/ 1,140/ 1,900 1,720 69| 545 359 BEPEEMBEr. oo rere e L0 - - . .

0] 4600 980 360| 340| 1)1a0( '960| 17440 375|164 234 8161
800 4301 8201 B10| 3401 T/640| 025] 1920 494 Doanl oo Theyear e 8000 o e
488 410/ 760 310| 340/2440| 890 1:880| 1,720/ 1520] 576 1917-18
357) 410|700 360 340|3/720( 1,000 1.030( 1,640, 1600 560 October. « v v R 6,720 740 L38O 355 4.09
5101 4101 6601 310/ 3105,040]1,050| 1,320 960]1,640] 1.100 November. ...........coeerens iy 150 57 -645 74

801 4660 3801 640 2701 360[6,240| '900| '960| 1,060| 1060|770 December. ..o 220 82 157 .353 41
: LBOON 5211 3801 380, 250  520] 6,240( 1,030 680| 1:030] 740|469 January . ... 1,150 72 415 .933 .97
24 LISOIS,130 3601 5401 250| 1,050] 4,820 1,200| 565( 710| 585 01 Pebruary. . 4000 2600 L1080l 2.43 2.80
25,00 970 3,330)  360) 5200 230/1,500] 2,840 1280 570 585 565 398 f\’[parrifh'”j_m].. RO 9,000 1,320 3,000 6.88 768
26| 865113500 360 4900 230]1,800(2,100| 1,240 4968| 455 300 Mav. .o ‘ 5540 iy el e 178
27, 798/ 1,230) 360/ 460| 310| 30300 1.760| 1060 460 371 282 Tune. oL . 3,060 150 263 1816 .94
2 1321 L1101 360|410 410|5,600( 1,640 '830| 424 318 293 QY. e 1,240 92 294 .661 .76
20000000 6351 1190 360]  460| ... 3200( 1720 740, 460! 289 375 QUBUSE. . o 5,160 152 11200 2.52 2.81
300 573 3.530) 3601 460( ..013,200( 1:920] 740| 1,600 307 469 Beptember. .. = : -

3 5210 0 360|430 C0|3m00l | 710l | Gi4 The YEar. .« v v eeeenan 9,000 72 906 2.04 27.67

1917-18 :

Loveee ] TTONSI800 3801 185 821.0501 5,800 1,720 438) 615 324 456

2. L0 255000 200 170 160] 1000( 5.0000 1850 570| 620] 958| o3

3.0 890 17201 420 145 160 960/8.000] 1720 383| 446, 248| a9 CrLvpE Rivir AT West DERBY, VT.

A L0 Leor 4100 1300 130 90016720/ 11450 282 379| 186|179

5Ll AA11100) 220( 170 94| 820[ 4270 1,320 248 31s| 10| 1es ic Li

6 L8Ol 995 830 170| 79l 760[3.230( 1,240 215 300 1.9 Location—Just below plant of Rewport Hlectric Lght ~o-

6. o] 1,68 0995, 3¢ 7 72 30 3,280 1, : ,240 ¢ ; i

ToLLI L360) 8001 3200 185 120|700/ 3170 1,200] 185 e8| 10| oos at West Derby (Newport), Orleans County; about 1 mile above

8L LOGO! 8301 280) 160 1450 5360|4050 1170 995 307 575 Su7 f riv

Deree L2000 G0 200 9] T60) 50030400 ‘300 500 324 608 204 mouth of river. = i

0000000 960 740] 300|120 160| 460|3.170| 710| 95 314] 800 S08 / Drainage area.—150 square miles.

I 74 G0l pool 1200 170) 420122400 8901 3320 200 500|168 Records available—May 25, 1909, to September 30, 1918.

20l 7301 6501 5200 1200 170] 360|1.880! 1440] 810| 258 36 1 ;

RS B TR Ol O S Gages.—Water-stage recorder on sight bank; referenced to

Moo e S0 u20l Ml 1300 00| 1880 22401 2840 S50 282|307 gage datum by a hook gage inside the well; chain gage fastened

.............. , 96| 320, 1601 82| 280|2:440|1,640| 11480 668 285 39 : ili i

16 1,920 5100 280 o bo tree s used for aue D ary e oy

6. 9200 5100 2800 2200 72 2602,850(1,140| 905 550| 237 3 ; — i

11‘ ............. 1,36‘(\ 4601 300] 200 1—41' 26101 2,(7'.’;0 830 28(; Zég 583 ];ég DiSCharge m«_easuf@ment& Made by Vvadlng neat gage o

[ IRERTRE gon o ol T 600 v 25000 710 545 505 170/ 1170 from highway bridge one-half mile downstream.

19 L83 B 200 5] 7 3404 1,880 570 4561 5001 179 i ,

20001 22400 500) 300 183 900| "N0[1680( 00| 587 400, 148 s . Channel and control.—Stream bed rough and.dlffregular,
2601 2001 0601 5601700 510 324] 232] 139 1.600 covered with boulders and ledge rock; fall of river rapid for some

X ; 2001 185 1,100 1,500 25000 407| 374] 234 199 1840 distance below gage.

960 =601 200 130| 11001 2200( 2700|3250 500! 980| 116] 119 ; i i i
oS30 ol 2300 1700 700 2800 2440|567 12500 2190 To0| 1 seg Eaxtremes of discharge.—Maximum stage during year ending
<O LBIOD S0 5000 120 4102400 1.970] 325 '860| 170|108 1640 September 30, 1918, from water-stage recorder, 3.70 feet at 11
20 | 130 00 250 1A0) 700/2.200/ 1480l 310} 536/ 150 125(1,360 p. m. April 3 (discharge, 1,280 second-feet); minimum stage

‘ 412800 3500 17 501 1,550] 1,820 318|420 185 193 L 5 i -
281 [LHOL 3200 1700 1700 1100] 1030] 113400 67 339 139 100| 2 aag recorded, 1.87 feet at 5 a. m. September 1 (discharge, 40 second
2000 LSOOl 5200 1200 14500 1150/ 10520 563 330l 150, 92 500 £
3000000 SI601 3300 1200 1600 L1 195011600 321l 474) 2000 102 5500 s eet).

3.0 [mzur o 1200 1300 L4000 00 363 L] 541 1i0) o 1
A
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1909-1918: High water of March 25-30, 1913, reached
maximum stage of 5.8 feet, as determined by engineers of Geo-
logical Survey from high-water marks (discharge, approximately
6,300 second-feet) ; minimum stage, 1.60 fect at 5.45 p. m. August
25, 1918, 7.30 p. m. July 30, and 4.50 p. m. August 17, 1914
(discharge, 17 second-feet).

Ice.—Ice covers large boulders below gage during greater
part of winter and causes some backwater.

Regulation.—Flow at ordinary stages fully controlled by two
dams at West Derby, but power plant is so operated that fluc-
tuations in stage are not great. Distribution of flow affected
also by several dams above West Derby. Seymour Lake and
several smaller ponds in the basin afford a large amount of
natural storage, but at the present time there is little i any
artificial regulation at these ponds.

Accuracy —Stage-discharge relation practically pecrmanent,
except when affected by ice; individual current-meter measure-
ments occasionally plot erratically, probably because of rough
measuring section. Rating curve fairly well defined. Opera-
tion of water-stage recorder unsatisfactory during a part of the
year, as indicated in footnote to daily-discharge table.
discharge ascertained by applying rating table to mean
gage heights, using observer’s reading of chain gage whe
corder was not in operation. Results fair.

Daily
daily
1 re-

Discharge measurements of Clyde River at West Derby, Vt., during the two-year
period ending Sept. 30, 1918

Gage height
—————— | Dis-
Date Made by— Chain [Ho ok |charge
1916 Feet Feet |Sec. ft.
‘Oct. 4 2.53] 2.57 254
4 2.53] 2.57 247
1917
an. 1 a2. 49 170
Mar. 8 2.60 124
Apr. 3| ....do..... ... .. . L 3.48 886
July 24| M.R,Stackpole........ 2.61 234
24! Hardin Thweatt. . ... 2.61 219
Oct. 12| M.R.Stackpole. .. 2.64 272
Dec. 13| ...do ... oo o a2, 53 138
1918
Jan. 29) M.R.Stackpole............. ... ... ... . .. .. . .. .. ... a2.15 80
Mar. 5| ....do..... ..o 2. 48 215
28 .doeo e el T 357
290 . dOL e 9l 385
July 23} C.H.Pierce............... ... ... . ... 2.32 157
Sept. 1} J.W.Moulton. ........... . .. .. .. it 2.68 335

aStage-discharge relation affected by ice.
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ly di. in second-feet, of Clyde River at West Derby, V1., for the years
Dosly discharge, in s¢ J:mding Sept. 30, 1917-18

Day. Oct. |Nov. |Dec. | Jan | Feb. | Mar. | Apr. | May | Junc

July {Aug. | Sept.

1916~17 on 5 200 5 755 2901 172| 127| 397
360 1451 110j 120{ 5001 755 2t (2 27 397
3o %g 140| 390 120 110| 138 710| 705 280 163 127 404
S| 3180 1ag) ass| 105 10| 113 830 800 2800 159 138
§o 21| 150| 420 110, 110} 120 909 800 260| 150| 144 295
H 214) 155/ 400| 135 115 113] 900| 755 2401 130 162 g0
o

5| 887 155 110| 110 900 665 232 115 165 260
Govrieenin 15 1% S50 136l 103 102 900 580 228 110| 153 270
Tooeee 38| 14¢] 350| 140 00| 115 850 540| 216 103 144 319
B 185 145 320] 140) 100| 120 755 540 204 1051 200| 140

R 190l 140| 30s| 133 95 120| 665/ 500] 216] 110] 228 140

1 15| 140 B15| 130 95| 95 80| 460 228 115 216 145

35| 298 128 90| 105 5400 500 204 125 2200 130
1 159 133 bes| 130 00| 93 480 bto| 26 1500 236 115

DT 100|140 233 140l 00 90| dsz 530| 310| 180|232 100
102] 146| 2453 193] 85| 112 411 580| 348 205] 228/ g0

: 38 350 140 S0l 90| 432 425 42 195 3000 &5
by 1% 530 1sa S0 86| 540 o] 41 213 300 100

z 2301 411 110

120/ 210| 130 80 )

Sy g; 115 205 125| 80 g_ﬂ)j a1 110
éé """"""" 207, 105, 203 120 58 ﬁH ’368 33
24l 2 203 205 1200 80 : 560 0
ol B3 s 1 s a9

143 0| 173 110

160, 930| 280 68 740 2301 389] 655 255 194| 204 99

354 120 80| 78| 160[1,120] 471 221 149| 202 g9
RN 350 6 59 %2 & 145 10100 5230 04| 152 230 99
B sl s 113 s2| 100 140f osol 93 0s| 161 539 103
B S50l 300! 110, 82| 112 140| 702| 610 356] 264 o3s| 107
i‘% ----------- 330] 230| 90| 80| 130| 140| 655 635 304| 274| 204| 113
5 S .

82| 167 140| 702! 702 310 316| 182 138
6. Eﬁ %% 38 82| 1431 10| BI01 6530 209, 304 14| 131
IZecooeed 308 200 84l 80 133 140! %10 655 274 3101 145 152
ig ---------- 336| 248 80| 78| 138 140 K000 610| 255 274| 128 160

397 244 80 76| 19%| 140 860] 541 225 245] 138] 156

68| 180| 350 610] 304 233 119 171] 328
B gg% ggg Zg 68| 184 363 760 203 217| 126 160 422
e 378| 200 70| 70| 205 370| 653 264] 209| 119 145 540
S 372| 200 68| 80| ....| 327| 610 255 205| 107 138 557
ORI 820 280{ 66 74 389| 610| 274| 209| 145 128/ 565
§(1) """"""" 800 64| 72 344] | 269 178 76| ...
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Monthly discharge of Clyde River at West Derby, Vi., for the two-year period
ending Sept. 30, 1918

[Drainage area, 150 square miles.]

——

' Discharge in second-feet Run-off
{depth
Month inches on
Per drainage
Maximum|Minimum|{ Mean square area)
mile
1916-17
October. ... .o 228 100 162 1.08 1.24
.. 350 105 167 1.11 1.24
435 175 271 1.81 2.09
195 105 131 . 873 1.01
115 80 93.6 624 .65
505 86 157 1.05 1.21
1,370, 378 760 5.07 5.66
800 300 499 3.33 3.84
460 179 290 1.93 2.15
244 105 170 1.13 1.30
453 127 ‘>79 1.86 2.14
404 75 155 1.03 1.15
1,370 75 262 1.75 23.68
8004 160 359 2.39 2.76
1 ()()() 236 416 2.77 3.09
280 64 128 . 853 98
82 68 76.7 .511 59
205 52 118 .787 82
386 140 221 1.47 1.70
1.220 389 824 5.49 6.12
860 255 514 3.43 ||, 3.95
408 18% 247 1.65 1.84
31 107 189 1.26 1.45
)UZ 76 184 1.23 1.42
555 93 198 1.32 1.47
1,220 52 200 1.93 26.19

CoxnnEcricut RiveEr AT Fairrer, Vr. (Orrorp, N. H.)

Location.—At covered highway bridge between Fairlee, Vt.,
and Orford, N. H., about 8§ miles below the mouth of Waits
River and 22 miles above the mouth of White River.

Drainage area.—3,100 square miles.

Records available—August G, 1900, to September 30, 1918.

Gages.—Chain on upstream side of bridge and inclined staff
on left bank 25 feet below bridge.

Discharge measurements—Open-water measurements made
from the bridge or from cable 500 feet above the bridge.

Channel and control.—Channel wide and deep with gravelly
bottom; control for low stages slightly shifting; at high stages
the control is probably at the dam at Wilder.

Extremes of discharge—Maximum open-water stage recorded
durmg year ending September 30, 1918, 21.5 feet at 7 a. m. April

3 (discharge, 29,300 second- feet); minimum stage recorded, 3.08
feet at 6 p. m. August 30 (discharge, 920 second-feet).

1900-1918: Maximum stage recordéd, 33.4 feet at 12 noon
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March 28, 1913 (approximate discharge by extension of rating
Curve, 57,300 second-feet); minimum 24-hour discharge, 288
second-feet, September 28, 1908.

Winter flow.—Stage-discharge relation seriously affected by
ice, usually from December to March; records based on gage
heights, current-meter measurements, observer’s notes, and
weather records.

Regulation.—Distribution of flow not seriously affected by
the operation of any power plants above the station. Some
storage has been developed on reservoirs in the headwaters.

Accuracy—Several rating curves have been used, each
fairly well defined for the period covered; results considered good.
Precipitation records at St. Johnsbury, Vt., are given for pur-
poses of comparison only, as it is not probabk that records at
St. Johnsbury indicate fairly the average rainfall in the upper
Connecticut basin; the precipitation is probably considerably
greater at places of higher altitude than along the river valley.

Monthly discharge of Connecticut River at Fairlee, Vi., (Orford, N.H.), for the
two-year period ending Sepi. 30, 1918.

[Drainage arca, 3,100 square miles]

Discharge in second-feet Run-off | Precipi-

(depth in tat}ilon in

/ inches on | inches at
Month Per drainage |St. Johns-

Maximum|Minimum | Mean square area) bury, Vt.

mile
916-17
October. .. 1)16 ........... 5,920 2,150 3,510 1.65
November................ 7,810 2,500 3,600 2,094
December. ............... 17,800 2,450 6,190 1.80
January......... ... 3,650 2,100 2,700 2.84
February................. 2,450 1,550 1,850 1.21
March..............ooun 26,500 1,700 5,200 2.13
April. . ... oo 29,500 7,320 16,900 2.29
May. ..\ 15,900 71800 10.500 182
June.............. 27,100 5,200 12,000 6.13
July. .o 9,620 2,030 3,900 3.10
August. . ..ol .. 9,700 1,950 4,870 7.86
September................ 5,640 1,720 2,670 1.61
The year........... 29,500 1,550 6,150 1.98 26.92 35.38
1917-18

October. ....... oo 21,800 2,350 5,190 1.67 1.92 5.63
November. . .. 24,300 2,020 5,910 1.91 2. lf 1.04
December. . .. . 2,670 1,530 2,040 L6538 .76 1.77
January............ . 1,720 1,300 1,500 L4854 . Db 2.46
February............. .. 4,590 1,150 1.8460 L5034 . (_32 2. §n
March............... .. 12,500 2,000 4,73 1.53 1.76 1.78
April. .. oo 28,900 10,200 15,500 5.00 5.58 1.48
May.........oooooit 20,500 2,650 9,860 3.18 3.67 3. 3%
June........ ... 5,700 2,030 3 1.26 1.41 3.05
July.. oo 4,430 1,430 . 806 .93 1 82
August................... 7.420 980 2,341 L755 . 8‘7 3 ()2
September................ 17,200 1,350 4,620 1.49 1.66 6.30
The year........... 28,900 980 5,000 1.61 21.87 35.12
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Passumpsic Riveir AT PIerce’s MILLs, NEAR OST. Jonns-
BURY, VT.

Location—At suspension footbridge just below Pierce’s
mills, about 2 miles below mouth of Sheldon Branch, 4 miles
above mouth of Moose River, and 5 miles north of St. Johnsbury,
Caledonia County.

Drainage area.—237 square miles.

Records available —May 26, 1909, to September 30, 1918.

Gage—Staff, in two sections; low-water section a vertical

staff bolted to ledge just above bridge; high-water section an.

inclined staff bolted to ledge below bridge; read by W. I. Cox
and Clinton G. Taylor.

Discharge measurements—Made from footbridge or by
wading below the bridge.

Channel and control.—Channel composed of ledge rock
partly covered with gravel and alluvial deposits. At high stages
the control is probably at the dam near Centervale.

Extremes of discharge—Maximum stage recorded during
vear ending Scptember 30, 1918, water over top of gage on
mornings of October 31 and April 3 (approximate discharge,
2,900 second-fect); minimum stage recorded, 1.2 feet at 6 p. m.
August 25 and 5.30 p. m. August 31 (discharge, 71 second-feet).

1909-1918: Maximum stage recorded, 14.8 feet during the
night of March 27, 1913, determined by leveling from flood
marks (discharge not computed); minimum stage recorded, zero
flow at various times due to water being held back by mills.

Ice.—River freezes over at the control, causing the stage-
discharge relation to be seriously affected; ice jams occasionally
form below the gage.

Regulation.—There is a small diurnal fluctuation caused by
the operation of Pierce’s mills*, just above the station, and by
other mills farther upstream. The effect of the diurnal fluctua-
tion was studied by means of a portable automatic gage from
August 16 to September 11, 1914. Although the results ob-
tained from twice-a-day gage heights were found to be occasional-
ly in error for individual days, yet the values of mean discharge
for the period as determined from twice-a-day gage heights and
from hourly valucs were found to be identical.

Accuracy—The stage-discharge relation has remained prac-
tically permanent, except when affected by ice. Rating curve
fairly well defined below 2,000 second-feet. Gage read to
quarter-tenths twice daily, except from December 20 to March
24 when it was read once a day. Daily discharge asccrtained by
applying rating table to mean daily gage heights. Results good.

*Pierce’s mills not in operation during the summer of 1918.

v
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easurements of Passumpsic River at Pierce's Mills, near St. Johns-
bury, Vt., during the two-year period ending Sept. 80, 1918

Made by— Gage | Dis- Date Made by—

height |charge

Feet |Sec. ft.|| 1918

Hardin Thweatt. . ... a2. 38 213|[Jan. 28| M.R.Stackpole.. ...
7| H. H. Khachadoorian} a2.45 155|| Mar. % coodoo oo
coodoaa e 4.55) 1,310 281 ....doai s
M. R, Stackpole. .. .. 2.48 467||Apr. 10} ... .do..o
0| Hardin Thweatt..... 2.47 447 }() Loodoo
M. R. Stackpole.....| 2.40 396||[July 23| C.H.Pierce......
Ldoa e a2.30 210

Gage
height

Dis-

charge

aStage-discharge relation affected by ice.
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Monthly discharge of Passumpsic River at Pierce’s Mills, near St. Johnsbury, V1.

Daily discharge, in second-feet, of Passumpsic River at Pierce's Mills, near St. for the two-year period ending Sept. 30, 1918
Johnsbury, Vi., for the years ending Sept. 30, 1917-18

[Drainage atea, 237 square miles.]

Date Oct. ] Nov.| Dec. [ Jan. ’ Feb.| Mar.| Apr. I May Ei July | Aug. |Sept. Discharge in second-feet Run-ofl
— | (depth in
inches on
640| 260]1,560] 220| 240 300| 1.660| 1,040 870 202] 405 inage
375/ 600 7900 215! 240] 540 2,000] 1’ 1,000( 176| 530 Month . . AL qher || S
200 560| 2200 240 240|1.760] 1| 360/ 600/ 164 460 Maximum Minimum| —~ Mean il '
24, 420/ 220/ 240/ 220|1.260| 'S70 420 176/ 320 3 e —
216 6400 2300 220 1901170/ & 390 176] 275 T
_ , o 1.46
202 8701 290| 190| 190( 1,220 7 3900 152 305 Octob 191?. 17 .............. 870 189 } ;3 1.92
189 600|260/ 210 170| 1560 360 152] 360 O erber i 1,660 202 1.75 2.02
189 5000 2600 210| 170{1.120 2600 152] 260 ] November. e 1,560 200 1.7 T 9%
202 460|230 220| 170, 370 2600 460 245 ?ecjf;; SRR 520 73;8 976 05
216 5600 230| 220 160l 670 245/ 670{ 200 Yooy 110 5 ﬁg 100 1,98 998
189 460 2200 2201 150/ 00| 870| 830/ 216 320| 260 : 2,480 goo 35
189 4200 230] 210] 160/ 600 95 340[ 230( 230 : 1,220 o 262 2.92
189 3200 2300 210( 150 600 % : 76 230 1 May........ : 2,000 299 156 1.80
320 300 230 190] 140 640 164 202 . 1,000 152 2,03 2.34
260 290] 520 190 150 600 189 202 1--;?;3 {51 1 09 1.22
216 300] 400| 190! 150| 640 530l 202 ‘ — . 27,32
530 290 340/ 190| 120 Goo 1,560 202 3,140 100 2.0
230 280 240/ 190 140| 1,000 1510 176
202 2000 2400 190 130| 1.360 670 176 260 5571 2.85 271
750 260 240 200/ 100|1.830 830 216 OCEODET .+ + o v v ere oo e - égo 1og 178 1,99
.................... k 12 €00 1.04
870 2501 240| 190 120{ 2450 1,080 360 November | 11111 li e 120 213 - o1
530 260 240| 190| 120| 2480 600 245 - . ?eﬁ:;?er """""" 2 1% 25 .82
360, 260 240| 190| 140| 2480 420! 202 Febraary - o ono o L el 1T 1,99
290 260| 240| 190] 2201710 420 202 Morcp o ren e 1960 589 5.94
275 230 240] 190| 520| 1,080 1,000{ 202 Apeil. L e Gs6l 9 Ro 3,33
..................... i A 7 1.96
275 260, 210/ 190| 830| 1,080, 500] 164 May....oooovnmimnn e ‘{‘; 513;2 iﬁ(’)g 1.19
260, 250) 220/ 2580|1510 950 360] 164 }“{le ............... DR 117 194 776 L89
245 2000 220\ 440!3140| 950 305| 176 July. oo 75 e 15
230 2301 220 ....12/240! 1,040 530 176 e nber, 03 377
216 2301 240] ... ] 11310/ 1120 560| 320 €PLemDEr. - - - - - - — 121 179 24.24
216) ....] 230; 240, ....| T9s0| . 500 TheE YEAT. ¢ v v v evneneenrannnn 2,600 o -
Lo 20 1,080 260 110 13;8 460| 2,120 76| 202 ' W HARTFORD, VT
eeeeee 3400 7900 2300 1100 1300 360] 2600 130] 420 st HAR , .
3 570 2450 110] 130| 260| 21450 130 202 WaITE RIVER AT
4 26090 1301 215 1,468 1221 105 high bridge in the
5.. 2 90| 130 215| 1,08 02 117 . = ¢ e highwa T1
230f 100/ 130 40 360, : Location.—About 500 {eqt abovecth t gandy7 miles above
5600 190 130 500 igéo 505 3a9 village of West qutford, Windsor County,
§88 %20 110/ 200 1,410 202 126 the mouth of the river. .
50( 130| 175| 17760 1,000, 120 : 687 are miles
260 120 130/ 1751120 460 126 Drainage area.— squeé 1015, to September 30, 1918
. - y . .
260l 110] 130 1735|1040 260 10 i Records available—June 9, lo, s M
51,04 9 . ft bank: read by F. P. Morse.
2750 130 130| 190| 950 216| 03 Gage—Inclined staff on left bank; 5 el
290| 130| 140] 200! 1,080 189 152 . ts.—Made from cable 1,500 feet below
%8 130 150 230 '830 178 216 Discharge measurements.
130] 175 230] 1,220 230| 164 the gage or by wading. ] fairlv uniform
5 I.—Channel wide and of fairly u
S50 130 1v Zaodalo 130 159 Channel and control. : d with gravel and
: s . : . T
230 130| 150 320| 1,260 120 360 cross-section at measuring sectloél, covlf 1(2 dow 100 Feet below
50| 130 129 32 wro 111 599 small boulders. Control formed by rock ledg
th d well defined ded duri
~ e gage, an : : in
165 130 230] 420 830 105 910 . . e recorde uring
2000 110{ 175 500| 1,310 101| 500 Extremes of discharge—Maximum stag October 30
175| 130| 175 530| 1,410 109( 305 ing September 30, 1918, 10.0 feet at 5 p. m.
215 130 150 560] 1260 91| 530 year ending Septe ’ ension of rating curve, 10,000
175 150 150 600| 870 82| 530 (approximate discharge by extensnénd 599 fect &t 7 p. m
15 1% ao0 50 738 & 1,850 . second-feet); minimum gfca%le reC%r eex’ten.sion of rating curve,
130] 6 530| 8 .8 i 1scharge !
12 B o) G0 s gl a0 ; Sust o epproximate =
.| 750|1, -feet).
140| 150 | 950| 1.360 91 420 35 secon
130] 150! ....(1,560 75 ... {
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1915-1918: Maximum stage recorded, 11.1 feet at 6 p. m.
June 12, 1917 (approximate discharge by extension of rating
curve, 11,700 second-feet): minimum stage recorded, 2.33 feet
at 6 a. m. August 29, 1916 (approximate discharge by extension
of rating curve, 26 second-feet). The highwater of March 27,
1913, reached a stage of 18.9 feet, as determined from reference
point on scale platform opposite gage (discharge not determined).

Ice.—River freezes over at the gage; control usually remains
partly open, although ice on the rocks and along the shore affects
the stage-discharge relation.

Regulation.—There are several power plants on the main
stream and tributaries above the station, the nearest being that
of the Vermont Copper Co. at Sharon; when this plant is in
operation it causes some diurnal fluctuation in discharge at low
stages. The effect of power plants farther upstream is elim-
inated by the large amount of pondage at Sharon.

Accuracy—Stage-discharge relation practically permanent
except when affected by ice. Rating curve fairly well defined
between 150 and 5,000 second-feet, Staff gage read to quarter-
tenths twice daily. Daily discharge ascertained by applying
rating table to mean daily gage heights. Results good.
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5 1 ., during the two-year
3 ments of White River at West Hartford, V.,
Dischargs measure pe{;i od ending Sept. 30, 1918

i Made by— Gage | Dis-
Date Made by— hSiZ%i c}{)allrsg-e Date ade v height | charge
Feet |Sec. ft.
Feet |Sec. fi.|| 1917
010%16‘77 Hardin Thweatt 36.637 286 Dec.819 M. R. Stackpole.....| 23.83 428
. 27| Hardin Thweatt..... e
J;3174 Hardin Thweatt. .. .. a4.08 405 Jan, 22 M.RdStackpole. e Z%sl)g 22(2)%
Feb. 15| H. H. Khachadoorian a3.92| 296 Feb. 2rl . do | a7 08 i
P I . PR 6 (0
Mol & o Pierce T 7.21| 4,440(|Apr. 13| ... .do......... ..., 631 2,780
PT' 5| H.H. Khachadoorian| 7.10| 4110||Tuly 28| H.W. Fear. ... 2.96 165
July 17 M.R. Stackpole.....| 3.90 550(|Aug. 27| J. W. Moulton...... .

aStage-discharge relation affected by ice.
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Daily discharge, in second-feet, of While River at West IT artford, Vi., for the vears
ending Sept. 30, 1917-18

Oct. '

Day Nov.| Dec. | Jan. | Feb. | Mar. | Apr. | May | June July ‘Aug.
1916-17

Tooooooooooo] 465] 260]2.880 340  460] 1,050| 3,930| 2,610 1,570 1,120/ 240

440/ 300| 1,770| 440 440{ 740|5,270| 2,880 1,47011,040| 205

2401 300]1,290| 360| 360 640|4,410|3,170(1,290| 855 166

2220 2801 1,120] 390 360 580|4,250(2,610{1,380| 690 166

222 280| 1,380| 390 440 520| 4,090| 2,350 1,120[ 660] 205

1881 320;1,6701 600 390| 440|3,930] 2,610 1,040; 630 172

134|260/ 1,570] 960 340| 420|4,350(2,480| 855 490 205

741 280/1,570| 680 360| 440|3,620|2.350( 1,290 465 172

163 260]1,040f 540; 390| 440{3,020]2.230 2,480| 440 205

169) 280{1,200{ 520 340; 460| 2,480 2,230 1,770 390{ 820

11. 169 365 960| 460 300! 390|2,110|2,110 2,880| 390 465

12. 1230 300] 925 280] 360 520(2,230(2,110/10100] 342| 280

13,0 . 1511 3001 855! 300 340| 440]1,990|2,110 5,270/ 690[ 300

15. 169 320] 5701 490 340| 390/2,110|1,880 3,320 570 240

15. 188/ 300 540(1,550| 320| 420]1,990|1,770 2,610| 570{ 205

16. . 2051 260{ 520 1,550{ 320 420] 1,990 1,670 2,110 720| 320

17.. 2401 205] 420] 1,200 300| 440]1,880| 1,470 2,230 515{ 440

I8 o 1881 2401 340(1,100| 300 520!2,610|1.380 2,610f 465 570

16, 240| 3201 360| 960 340; 440|3,0201,3%0 1,770{ 465| 465

20. . 960! 342| 320| 820 340! 340|5,630 1,770 1,470 660] 365

960| 3427 280/ 680] 360 420/7,500 1,880 1,290; 465 320

785 2801 320| 720| 340| 460|7.500 1,380] 1,120 342 320

515| 222/ 360| 680 320| 520|7,500|1,470| ‘855 465 280

415( 3,320 340| 580] 340 740! 5,090/ 1,990( 1,120 342| 300

342|2,110] 340| 580] 320]2,000]3.770| 1.670 1,290 280| 570

320/ 9250 300| 520{ 360|4,200| 3,320| 1,770 1,040 280; 365

280] 785 240 460/ 390|6,730 3,020] 1,670| '960| 280{ 320

2801 8551 320\ 440|1,400|8,700| 2,740 1.470| 855/ 280 260

260 785 280| 540| ....[4,200| 24801 1,380 820{ 240| 205

260 3,020f 280| 440 3,300 2,610} 2,350| 1,770| 260 280

260) ....[ $60; 460 2,900] ....[1,880] ....| 240 320

1701 2,570| 320! 370/ 190(1,200!6,300| 3,300 718l 472 158

215/ 1,8601 370{ 230 175 880|9,580|2,700| 785 530 146

200/ 1,5501 400| 210 160| 1,050 8,740| 2,200] 590 420/ 138

2001 1,200 280| 190| 230| 820{5,500]/1.860{ 445 325 64

248/ 1,040 420| 190| 190} 880|4,000|1,650] 345 305| 124

620|1,040| 370, 130; 200| 880|3,300|1,460] 305/ 305 138

5301 925/ 280| 190| 175 820|3,470|1.550| 472 325/ 200

395 8551 280| 190| 230| 750!3,640|1.460{ 925 325 175

345 785 210 200 175 680|5,700(1,370{ 560| 345 590

345 750| 320 230| 150] 620(4,540|1,280] 652| 325/ 820

2851 685! 320 250! 175 500|3,470|2,200| 685 370 395

248 652] 3201 280 260 560|2,990|1.550] 652 370 370

445 620| 340 200 230 620|2,700|1.860 1,040 500 370

620| 590| 340 175 260! 750|2,990 3,470] 820 785| 345

445 590| 370 320| 750 620|3,300(2,320| 685 685 285

5601 4451 320| 370 680 500!3,640|1,750| 472| 472!l 325

390 5301 370| 320| 820| 680}4,0001,550| 472 395 265

445 500|420 210| 620 820[4.730{1,370| 445 305 248

370| 472| 370 280{ 400 880|3.300 1,120 395f 370 200

345 420| 400{ 260| 620|1,100;2,840] 1,200 370/ 285 200

21. 620/ 445( 400| 280|2,400{ 2,200| 2,840 1,200 345! 285 200

22. 5301 530| 420| 280|1,100(2,8005,110/1,120| 420 248 188

23000, 420| 560| 420 280! 920|4,700|3.640] 1,040 820 200| 155

24. 370] 590! 370f 280| 880|3,500]3,640| 925] S890| 200 248

25. 1,280f 395 420| 280] 880|3,300{2,700] 960| 750/ 175 200

26. ... . 1,200f 400| 440/ 320| 880]3,300| 2,320 1,080] 590/ 215 175

27. 855/ 3701 300 210|3,000|2,800f2,200] '890| 445 215 175

28. ..ol 1,2001 250 260| 210|1,650|1,650] 2,200/ 1,120/ 395 188 175

20, ... L. 1,280; 190 3701 250( ....l2:200] 2,320/ 1,040| 445| 144| 152

30....... ... 4,7301 280 250 250 ..]5,90012,990[ 750 445/ 130 118

1., 9001 . ...1 280] 260 14,540 ... 652 ....| 160 67

Sept
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Monthly discharge of White River at West Ilartford, Vi., for the two-year period

ending Sept. 80, 1918

{Drainage area, 687 square miles.]

ischarge in second-feet Run-off
Discharge in se C ey
inches on
Month TPer drainage
Maximum|Minimum Mean square area)
mile
1916-17 = }
. 960 74 311 0.453 0.52
Nowarbser a0 203 Gul sl 100
December. ..o 2,880 240 19{: 1.16 1. .)4)—
January.. ... ... 1,550 280 .649 . {240 1. 9?3
February.................. 1,400 300 .592 L5671 o Zg
March............ 8,700 340 1430 2.08 2.4
April... 7,500, 1,880 3,680 5.36 5.98
May. oo 3170 1,380 2,000 2.91 3.6
Tune. ..ol 10,100 820l 1990  2.90 3.24
Tuly. . o0 1,120 240 505 735 -85
August. . 820 166 314 <457 -5
September. . ........ ... 365 72 197 287 32
The Year. . .. ....oooveeeennns 10,100 72 1,070 1.56 21.21
1917-18
900 170 839 1.22 1.41
Quibet e B B Ter| L
Forear S0 T sae Gel
Y] s . .
%Z%‘?iﬁ;: . 3,000 150 657 .956 1.00
March. ... . ...l 5,900 500 1,690 2.46 2. 8{};
April. ..o 9,580 2,200 3,960 5.76 6.4
May. .. 3,470 652 1,550 2,26 2.61
June. ...l 1,040 305 579 843 .94
July. ..o 785 130 338 492 .57
AUZUSE, oo 820 64 239 348 .40
September. . ...... ... .. 6,500 67 649 945 1.05
The Year. .. .......oooovn .. 9,580 64 983 1.43 19. 44
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