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INTRODUCTION.

This volume is the eighth in the series published by the

esent Survey. ' ‘ N
. Th(; following summary of the content of the following pag

scope of -ork which lias been
will indicate the character and scopeof thew ork whic
carried on during the past two years. e ctated inresponse o
3 icle has been prepared, as stated, 8
The first article has be a sponse 10 2
very often repeated demand for a general account of t};.elbu o
5 i i < wi > reachly scen
of the Green Mountain region. As will be .ﬂ;(,a(ltl (‘)f int(\r_’
the geology of Vermont is very complicated, very (1}1 (,ub . ;}n
tation i 3 ‘h study has been give
ion i s at hile much study he g
n many places and w ven
D ach i i - of the problen:s presentec
it, muc re 1s necded before many of the problen:s :
to 1t, much more 1s nec . preae
i HOR e do more than g
solved. The article dees not claim to .
can be solved. The art fo do more fhan &1v¢
a sununary of what is at present known of the .stlm,télr%m}(l.t 1
: 3 icle, Dr. C. H. Hiteh-
g : sses.  In the second artiele, Dr. (
tory of our rock masses. 1 _ ( X
i i e0logy ¢ > eastern portion
cock continues his diseussion of the geology of thf, east 1 ton
o ) 3 ja o« » avin o +
of the State, other papers by him on this subject having b
he State, 3

slished in former reports.
pu‘)hﬁ}:(tﬂélpresent artpiclc Dr. Hitchcock giv(‘.s the res%llj(ls 0{ m:‘;};
years of study of the adjacent region carried on “}H‘Qf 1e s
resident in Hanover, N. H. Using as a necessary bab',l,j gr Eu N
work the Strafford and Hanover Quadrangles ‘Of the T .-M.lulciil
logical Survey, the author discusses tl}o rocks of the area\l ne vl
and their distribution. Although the Hano.\"or (Quac rang " s
partly in New Hampskire, more than half of its area. 1>‘on qg(1)6_!
\'erniont side of the river and the two quadrangles' are 80 ;\“ﬂ
ciated that any satisfactory study of the region must include bo 1i
Dr. Hitchcoek's studies are carried =outh from the area mentlomf((‘
and he has furnished a most interesting account of th.e: ﬁroc;
of the south castern part of the State. The results of thl:\ btl‘l'(, V(
are unusually important because of the discovery of. oxteninr:
rock areas \(‘hi('h Dr. Hitcheock considers as D(i‘\'()man. an d‘g,lcl
not previously recognized in this State, except 1 a \(t;: su:ld)<
spot near Owls Head, in the cxtreme nort.h.(\rn part. ’]} (‘ m 4}1];
which accompany the text will be found of interest to those w
wish to know the areal distribution of the different roeks.
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Dr. C. H. Richardson, who for five or six years has spent
several weeks each summer in field work in some of the northern
countries contributes a paper giving the results of two scasons,
work in Irasburg, Craftsbury and Albany. In this work Dr.
Richardson has had assistance from Messrs. E. F. Conway, M. C.
Turner and M. C. Collister of Syracuse University.

The engineering laboratories of the University having been
equipped with necessary apparatus for testing in various ways
such building stones as might be offered three of the recent grad-
uates undertook a series of tests during the past year the account
of which is presented in the papers of Mr. W. A. Bristol who
studied the effects of high voltage currents and Messrs E. R.
Baker and A. R. Davidson, who studied the strength of marble
and slate which he examined.

Professor C. E. Gordon of the Massachusetts Agricultural

College has joined the force of the Survey during this season and
is investigating the rocks of Bennington County. Professor
E. C. Jacobs of the University of Vermont has also joined the
Survey andis engaged in a study of the tale deposits of the State
and a critical examination of the talc and its associated minerals.
Both of these gentlemen expect to furnish reports of their work
in the volume following this as they have not vet had sufficient
time to complete their investigations. Professor Jacobs has sent
in a preliminary statement which will be found in the article on
Mineral Resourees.

Professor G. H. Hudson, of the Normal School at Plattsburg.
contributes a paper on the so called Rill Markings oftensecen on
limestone ledges. Although these observations were all made
near Plattshurg the phenomena described are common on the
Vermont side of the lake and any explanation of those in New
York is equally valuable when applied to those in this State.

The final article is designed to give the latestinformationas
to the building stones and minerals of the State.

The geological study of Chittenden County has been con-
tinued thru the two years and the Geologist, assisted by Mr.
D. B. Griffin has been collecting material for a complete report
upon the rocks of this area and much has been gathered, but it
has not been practicable to prepare such a report for this volume.
The Geologist wishes to add that the papers included in this
volume have heen printed as received from the authors and they
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atever views are expressed. As will
fusely illustrated and 1t may not be
half of the plates have been

are alone responsible for wh

i ite pro
be seen, the text 1s qui »
out of ’place to note that nearly
obtained without expense to the State.




A General Account of the Geology
of the Green Mountain Region.

G. H. PerxgiIns.

INTRODUCTION.

It may be well to state at the outset, that this article has
been prepared in response to numerous requests that for several
years have heen coming to the office of the State Geologist.

Many teachers and also many others who have become
interested in the topography and structure of the mountain region
of Vermont have asked for some statement that might help them
to understand the why and the how fo the rock formations and
general surface features that they saw all around them as they
went over the State,

As the work of the present survey has gone on during the
last fourteen years, such enquiries have been increasingly frequent,
especially since pysiography and elementary geology have been
added to the studies included in the curriculum of many of our
public schools. It is not at all with the expectation of answering
these enquiries completely or satisfactorily that these pages are
written, for no one can do that in the present state of our knowledge
of the geology of this State which, as will be seen later, presents
many and great difficulties, but only with the hope that what is
here written may serve as a contribution towards an under-
standing of our local geology.

‘ There are, even after much and careful study and investi-
gation, too many unsolved problems, too many puzzling rock
masses, too many over turnings and transformations to make
confident conclusions as to much that we find possible.

This is true of those parts of the State which have been most
.thoroughly studied; such as the region about Rutland or Burl-
Ington, and naturally, it is still more true of those parts less care-
fully explored. Few of the individual mountains that make up
the Green Mountain Range have heen studied at all, and none

¥
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except Ascutney and Bird Mountain with such thoroughness as
to give anything like satisfactory knowledge of the structure
and composition of the mass of rocks that make up the mountains,
While it would not be necessary to study every single peak or
group of peaks in order to possess a pretty good general knowledge
of the whole range, it is necessary to examine with some degree of
care and skill a considerable number. If we could only have
such complete studies as those of Dr. Daly on Ascutney*, Dr.
Dale on Bird Mountaint or other similar studies to be mentioned
we should know far more than appears likely to be the case for a
long time to come as to the structure of the Green Mountains,

As will be shown in what follows, we do know much already
as to the mode of formation, structural features, rocks, ete., of
the Green Mountains and the adjacent region, but there is a
great deal that we do not know. Such investigation is of necessity
slow and the workers in this field are few and with very limited
resources,

Until topographic maps of the whole State are available,
accurate work is not possible. As vet only about a third of the
State has been thus mapped and this has all been done without
expense to the State.

Many other States have co-operated with the United States
Geological Survey and the entire area, or at any rate, a large part
of it, of such States has been mapped. Very little more of Vermont
will be surveyed entirely at the expense of the general Government
and unless the State will bear a part of the cost, this work will not
be carried on more than to a very limited extent. Where such
surveys have been made they have been found of very great
use in many ways and more than once have saved in various
economical enterprises far more than their cost. In any event the
United States Geological Survey pays about two-thirds of the cost
of the surveying and making the maps. A few years ago the
opportunity to cooperate with the national survey was offered
to the State through the State Geologist and was by him brought-
to the attention of the then sitting Legislature, but was killed
in the committee to which it was referred. It is hoped that a
more enlightened policy may prevail before it is too late to gain

*Geology of Ascutney Mountain, R. A. Daly, Bulletin U. S. Geol. Sur-
vey, 209,

._..» m:&pw o_.wm_iga:zs,m;_ Vermont, T. N. Dale, Twentieth Annual
Report, U, 8. Geol. Survey, Pt. II, p. 15.
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the advantage of cooperation. The maps when completed are
of the greatest use not only for geological purposes, but for all
sorts of enterprises such as laying out highways, trolley 'lines,
canals, locating reservoirs, utilizing water power, ete., etc.

Almost from necessity, the work of the present survey has
been largely confined to those portions of the State which have
been mapped, and this area will first be investigated, for the
reason already stated, that to locate and accurately map geologi-
cally any region the topographic map must first be made.

Geological investigation has been carried on at intervals in
Vermont since the time of Professor C. B. Adams, who was the
first to be appointed State Geologist. But the frequent interrup-
tions which have occurred because of withheld appropriations
have prevented the accomplishment of much that might have been
done.

Much that is of permanent value was accomplished and will
always be considered in any full study of the geology of the State,
but if we had no other sources of information than such as are
furnished by the State reports our knowledge of our geology would
be far less than it is. Fortunately, the problems which are pres-
ented in various portions of the Green Mountain area have at-
tracted the attention of some of our ablest geologists and from
the published reports of some of them we may add very important
facts, suppositions and explanations to our previous knowledge
of Vermont geology. As will be seen later, these articles are
scattered thru a considerable number of journals, periodicals,
government reports, etc., and many can be found only in large
libraries. It is mainly because of the inaccesibility of much
that is important to the student of Vermont geology, as well as
beca}xse the inherent value of the material makes it well worth
quoting, that liberal extracts from these articles will be given
on the following pages. I am sure that to some the information
thus collected will be valuable.

' ‘In the Fourth Report of the present series there is given a
bibliography of works on the geology of Vermont. This list in-
c_lud?s most of the accessible publications up to the time of pub-
hcatlgn3 but as that list is not quite complete and as the volume
Conta}n1ng 1t is now out of print and therefore cannot be supplied,
a ‘I‘eV1sed list is here given for the convenience of any who may
wish to refer to it. This list may be found at the end of this
chapter. It should be continually remembered that the writer
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is not attempting to do anything more than give a summary,
which must of necessity be somewhat general, of the results of
the more important investigations which have been carried on
especially during the last twenty years, with such reference to
earlier work as may be useful. As has already been indicated,
this paper is prepared mainly not for trained geologists, who will
find more or less very familiar matter, but for the many teachers
and others who may wish some not too technical statement of
the past history and development of the physical features of Ver-
mont.

For convenience of reference a map of a State is given
in this connection Plate I.

GeoLocy oF VERMONT COMPLEX.

Vermont, though one of the smaller of the states offers proba-
bly a greater number and variety of perplexing geological problems
than any other State in the Union in proportion to its area.

There are few square miles among the ten thousand that
make up its surface that do not present some puzzling features.

Much of this is due to the changes which in very early geolo-
gical times were produced in the rocks in connection with the mak-
ing of the Green Mountains.

These mountains, extending as they do through the entire
length of the narrow area and at the north spreading into practi-
cally two ranges occupy, with the foot hills and slopes, alarge part
of the surface of the State. Thus the geological history of Ver-
mont 1s largely included in that of the Green Mountains, but there
are other features which cannot be neglected. This is especially
true of the series of small mountains which are quite distinet
from the Green Mountain Range found in the south western part
of the State. These, the Taconic Range, are later in age than the
greater range but are still of the older formations and all of the
rocks of Vermont belong to the older time geologically.

In other words Vermont has heen a land body, and therefore
long exposed to weathering and erosion from early times.

As will be shown later, the surface of the State, the sands
gravels, clays, ete., as well as the present contours of much of the
surface are of geologically recent age, but the underlying rocks, the
ledges and the mountains are very ancient.

In order that those not familiar with geological arrangement

|
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may readily locate the periods to be mentioned the following table
is given here at the outset. o '
Geological time may be divided as follows, beginning with

the oldest:

PRECAMBRIAN ERa.

Archean Period.
Algonkian Period.

Pavrrozoic Era.

Cambrian Period.
Ordovician Period.
Silurian Period.
Devonian Period.
Carboniferous Period.
Permian Period.

Mesozoic Era.

Not found represented in Vermont.

Cexnozoic Era.

Tertiary Period.
Pleistocene Period.

PRECAMBRIAN.

It is quite possible that in the axis of the Green Mountains
covered by more recent rocks, there may be those which should be
referred to the oldest group, the Archean, but it does not seem
probable that there are large masses of such rocks and, so far as
present knowledge informs us, it is not certain that there are any.

Of the next period, the Algonkian, there is abundant evidence
as will be seen in what follows,

. ch appears to be true that the foundation of the Green Moun-
tains is of this age.
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PaLrozo1c.

Of the beds which are referred to one or another of the periods
of this age there are many. Indeed most of the State is made of
rocks of paleozoic time.

No one can even estimate with much probable accuracy the
length of paleozoic time. All caleulations, and there have been
many, are open to grave doubt and it seems much better simply
to say that this time was very long, long beyond our clear compre-
hension, than to attempt any more definite calculation.

CAMBRIAN.

Only the first part of the paleozoic is represented in Vermont.

We find next above the Algonkian, as should be the case, the
Lower Cambrian with its sandstones, shales of usually a very hard
sort, slates and some limestones. In places, along the western
border of the State, that is in the Champlain Valley, fossils occur
in considerable abundance, but much of the Cambrian here is
destitute of fossils. Middle and Upper Cambrian should be found
in the State, but neither is well established as yet except a small
area in St. Albansin which a hard limestone occurs in a conglom-
erate, which contains Middle Cambrian fossils. Through the
studies of several geologists, but mostly those of Dr. C. D. Waleott
the trilobites and brachiopods of the red sandrock and the adjacent
limestone have been made well known.
_ Some of the fossils of the Parker Ledge in Georgia and the
dark gray limestones of Swanton were long ago studied by Adams,
Billings, Thompson and the Hitcheoeks, but far more than these
has Dr. Walcott investigated the important loecalities and in
many of his Cambrian papers the fossils have been figured and
deseribed.

In several of the preceeding Reports of this series more or
less reference has been made to the Cambrian rocks. They are
always hard, silicious, and form some of the boldest headlands on
the eastern shore of Lake Champlain as at Malletts Bay, Rock
Point, Red Rocks, ete.

One of the Cambrian outerops is shown in Plate II which is
taken from the north side of Shelburne Bay and shows what is
perhaps the finest exposure of the Red Sandrock beds anywhere
to be seen. The cliff is one hundred feet high and forms the

PraTe 1L

Red Rock Cliff, Shelburne Bay. Lower Cambrian Sandstone,
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southern portion of what is locally called Red Rocks. The many
layers which compose the mass are of various shades of red and
when seen in a favorable light the cliff is very fine. Plate ITI gives
a very common form of Cambrian cliff along the shore of Lake
Champlain. The lighter band next the water shows the difference
between high and low water in the lake.

Marble Island in Malletts Bay, Plate IV, like other islandsin
the same region is of the same rock, though most of the islands in
the lake are later, limestone or shale. Tt also forms all or most, of
some of the higher elevations between the Green Mountains and
the lake. Such hills as Cobble in Milton, Mutton Hill and Mt.
Philo in Charlotte, Plate V, and most of Snake Mountain in Addi-
son are examples. These masses of rock are composed of a red
sandstone containing more or less lime. Elsewhere, as at the
famous Parker ledge in Georgia, the rock is a hard, dark shale in
which have been found many of the large lower Cambrian trilo-
bites Olenellus, ete. In Swanton and St. Albans there is a hard
gray, silicious limestone containing Kutorgina, Nisusia tphidea,
etc. The mottled red and white Champlain marbles form a cal-
carreous phase of the Red Sandrock. There is also a good deal of
quartzite in the Cambrian.  All of the above are lower Cambrian.

~ Because of its ancient and primitive character the life of the
lower Cambrian is particularly interesting. In our Vermont beds
fossils are usually very scarce, but some of the layers of a gray
quartzite found north of Mallets Bay are completely filled with
the anterior portions of the typical trilobite, Olenellus thompsoni.
Pla}te V.I shows a part of one of these layers reduced about one-half.
It is quite remarkable that in this locality such abundance of these
u§uall3v rare fossils is found and of each only the portion shown.
1\.0)5 a single entire specimen nor more than mere fragments of the
hind portion of any have been found.

_ Plate VIL is from a polished slab of the Champlain marble.
This is a thick bedded, calcareous phase of the Red Sandrock which
has been quarried and sold for many vears as the Winooski, or
}ater, Champlain marble. Very rarely have fossils been detected
Hl_‘d}is stone, but in several localities pieces like that shown, con-
taining Salterella pulchella have been found.

Students of the Cambrian of America must always be most
grat(’:fUI to Dr. Walcott for the thorough work which he has done
and isdoing inrespect of the fossils of this age as well as forits
splendid quality. Dr. Walcott’s papers that are of most interest
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to Vermont geological students have been published in Tenth
Report, U. 8. Geological Survey and especially by the U. S.
National Museum at different fimes. As many of the specimens
deseribed and figured in these works are from the Vermont locali-
ties mentioned above, they have especial interest to Vermonters.
In Volume X of the Annual Reports of the U. S. Geological Survey
Dr. Walcott has a long paper which contains very much of in-
terest on Vermont Cambrian geology.® Although some changes
and revisions of what is said of the Cambrian in this article have
been made in subsequent publications, this does not prevent the
whole article from being of the highest interest and value.

In the Fifth Report of this series Mr. Gi. E. Edson has written
of the Vermont Cambrian as it occurs in a few of the typical local-
ities in Franklin County, (Fifth Report Vermont Geologist, pp.
117-154.) In the Sixth Report, pp. 210-220, Mr. Edson has a
second article on the Geology of Swanton in which there are many
facts concerning the Cambrian. In the same Report the State
Geologist has an article on the Geology of Franklin County,
(pp. 178-209) in which there are statements concerning the Cam-
brian of that county. On pages 221-264 of the Sixth Report the
writer has a preliminary paper on the Geology of Chittenden
County. Pages 224-236 of this article discuss the Cambrian and
Plates XXXIX-XLVII illustrate the text. This subjeect is con-
tinued in the Seventh Report, pp. 249-256. Aeccording to Dr.
Walcott all these rocks belong to the upper part of the lower Cam-
brian. In some parts of this Cambrian area there occurs a cal-
careous conglomerate which Mr. Edson in his articles calls “In-
traformational Conglomerate’’. In company with Mr. Edson I
have collected fossils from this horizon and from inspection of
these fossils Dr. Walcott concludes that we have in these rocks
Middle Cambrian. This conglomerate, the matrix as well as the
included bits being Middle Cambrian, does not so far as made out,
cover very much of the area of Franklin County, but it is interest-
ing as representing a period not hitherto surely found in the State.
So far as I know, the upper Cambrian has not been satisfactorily
made out anywhere in Vermont, although it is very possible that
some of the beds of metamorphic rock may ultimately prove to be
of this age. As will be seen from following statements in regard to
Vermont geology, the lower Cambrian is widely distributed along

*The Fauna of the Lower Cambrian or Olenellus Zone, C. D. Waleott,
10th Rep. U. 8. G. 8. 1890.

Prare VII.

: R T ey
Salterslla pulchella, Billings. In slab nl: Champlain Marble, Cambrian,
. Swanton. Reduced slightly.
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the Green Mountains having been determined at numerous local-
ities, although it is more fossiliferous in the northern part of
the State. In actual area, probably, this horizon is most ex-
tensively represented in Rutland County for here it is not only
found in quartzites, limestones, etc., but the slate belt of the west-
ern part of the county, which has for many years been of such com-
mercial importance to the State, belongs to this age. There are
a few quarries in which the slate appears to be Ordovician, but
nearly all of the purple, green, gray and variegated slate of Rut-
land County has been shown by Walcott and Dale to be lower
Cambrian, while the red slates just over the line in New York
are Ordovician.

As is stated beyond, the slates of eastern Vermont, which
have been mostly quarried in Northfield, are Ordovician.

ORDOVICIAN PERIOD.

This period is very well represented in Vermont and in the
western part of the State many species of fossils have been collected.
In the eastern part of Vermont masses of rock referred to this
period occur, but for the most part they are destitute of fossils,
being largely more or less metamorphosed. All of the subdivi-
sions of the Ordovician are found in the Champlain Valley and
%‘3 as follows: Beckmantown, Chazy, Black River, Trenton,

ica.

BEEKMANTOWN.

The lowest beds of the Ordovician, the Beekmantown, are
well exposed at several localities. They are especially well shown
on Providence Island, at Fort Cassin and Thompson Point and
to a less extent at New Haven, Middlebury, Salisbury and else-
Where. Plate VIII shows one of the cliffs of Beekmantown at
Thompson Point, That at Fort Cassin is very similar in ap-
bearance as seen from the water tho not in the same horizon.
g:eennéﬁst famous locality for the Beekmantown in V errpont hgs
localit a; at the mouth of Otter Creek at Fort Cassin. This
pre Yy Goes not a?ppear.to have been of great extent and at

sent it is almost impossible to collect anything of much interest.

on p'g:g CEaracteristic fossils of the Fort Cassin beds are figured
Spesies s LITI-LXII (?f the Seventh Report. Some of the same
Oceur on Providence Island and Valcour Island and very
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likely other good localities will be discovered. Yet the For
Cassin locality is quite unique in the number and variety of
mollusks, especially cephalopods which the rocks have vielded
in a very small area. These fossils are so interesting in themselves'
and form so important a part of Vermont paleontology that two
of the six plates given in Professor Seely’s paper on the geology
of Addison County are reproduced here, Plates IX, X.

The strata of Beekmantown in Vermont are usually hard,
more or less silicious and in many cases not fossiliferous. This
is certainly true if, as I have supposed, the great belt of limestone
which extends thru Addison and Chittenden Counties is of this
age. In the Fourth Report, p. 121, Plates LVIII, LXIII, LXIV,
the Beekmantown of Isle La Motte is discussed and in the Sixth
Report page 252, Plates L, LI, the fine exposure of this rock at
Thompsons Point is shown and deseribed.

CHAZY.

From the southern part of Isle La Motte, which is entirely
of this rock, south along western Vermont in numerous outerops
strata of this age appear at intervals. A few of the more typical
exposures of Chazy strata as they occur along the shores of
Lake Champlain, where they may best be studied are shown in
Plates XI-XTIII, where the heavily bedded rugged, rather coarse
character of the rocks of this period as they usually appear are well
shown.

Plate XII, taken from another part of the west shore of
Grand Isle, shows the same heavy bedding and also the result
of wave action upon softer layers below the harder. A dif-
ferent sort of shore is found where the rock is of different
character as shown in Plate XIII. This cliff is the most northern
of the Chazy exposures on the Island and the rocks vary much in
hardness, some of the layers being compact and hard, others
soft and shaly, but the softer strata are not at the base and the
lake is, with the efficient aid of frost and ice, breaking away the
entire cliff and strewing the beach with blocks, some of large
size, broken from the cliffs above. The Chazy is as a whole
much more fossiliferous than the Beekmantown. The fossils
are as a rule small, but very numerous. Some of the strata are
almost wholly made up of shells of Rhynchonella plena a bivalve
shell, others are largely sponges or corals. In some layers the

Plate IX.



Plate IX.

1,2.  Protorthis cassinensis, Whitfield.

3, 4.  Protorthis minima, Whitfield.

5,6. Rhinopora prima, Whitfield.

i Murchisonia cassina, Whitfield.

8,9. Maclurea affinis, Billings.

10,11,12.  Straparolina minima, Whitfield.
13.  Eeculiomphalus compressus, Whitfield.
14.  Bellerophon cassinensis, Whitfield.

15.  Isochilina cristata, Whitfield.

16.  Isochilina gregaria, Whitfield.

17.  Isochilina, large figure; seelyt, smaller; gregaria, Whitfield.




Plate X.




Prate XII

Contact of Chazy and Beekmantown’
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fossils are mostly broken and =o confused that it is impossible to
recognize them.

Plate XIV shows curiously crossbedded Chazy Strata on Isle
La Motte. This was probably laid down on a sloping sea bottom.

Plate XV is from a photograph taken from a layer which
as is readily seen is filled with small sponges. This fossil is very
abundant in some of the Chazy lavers in the beds at Isle La Motte
and Grand Isle. Larger forms are shown in Plate XVI, but these
do not accur so abundantly as to make up the bulk of the stone,
. tho in some layers very numerous. Many of the Chazy fossils
of Vermont have been figured and described in previous reports
and in other publications.

The Chazy of the Champlain Valley was first well studied
by Drs. Seely and Brainerd and their paper published in Bulletin
American Museum of Natural History, New York, Vol. VIII,
pp. 305-315, must always be of great value to anyone studying
these beds. Professor Seely has also described the Sponges of
the Chazy in the Third Report, Vermont State Geologist (pp.
151-161, plates LVI-LIX.) Also the Stromatoceria of Isle La
Motte, Fourth Report, 144-152, plates LXX-LXXIV; Beekman-
town and Chazy formations in the Champlain Valley;in TFifth
Report, pp. 174-187, plates XXXIV-XLV; Geology of Addison
County, Seventh Report, pp. 257-315, plates XLVIII-LXII in
which article all of the Ordovician beds so far as they occur within
the prescribed limits are considered. The writer has in the Third
and Yourth Reports described the outerops of the Chazy as they
occur on Grand Isle. Perhaps the most characteristic fossil
of the Chazy in this region is the Maclurea magna and it is one
f)f the largest. This coiled shell, often four or five inches across
1sseen in many of the layers of the middle Chazy.

Plate XVII is not intended to illustrate this species, but it is
very interesting as it shows a portion of a large slab, one of several
taken from the bottom of one of the deeper marble quarries at
West Rutland. The fossils are distorted but plainly recognizable
and serve to fix the age of the marble. So far as I know these
Maclureas are the only fossils that have been found in actual
marble in Vermont.

. Averyimportant paper on the fossils of the Chazy of this region
1 .that published by Dr. P. E. Raymond in the report preceding
this, From the plates by which Dr. Raymond’s paper is illus-
trated, one has been selected, Plate XVIII. The whole article.
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however, should be consulted with the accompanying plates by
anyone who is especially interested in Vermont fossils.

I the paper referred to above by Brainerd and Seely the whole
mass of the Chazy is divided into the following subdivisions:
A. Lower Chazy. B. Middle Chazy, which is most easily
recognized by the presence of Maclurea magna and C, Upper
Chazy. Each of these is readily subdivided into beds of limestone
of different color and structure, a small amount of sandstone
and a little slate. These are not geological divisions, but only
differences of material.

BLACK RIVER.

Above the Chazy comes the Black River. This limestone
is better displayed in South Hero than elsewhere tho not con-
fined to this locality. It is unusually compact, even grained
stone that, as some of the plates show, breaks naturally into
very regular pieces, that is, it is very regularly jointed.

This is shown by Plate X1X where the blocks that have fallen
from the rather high eliff are many of them sufficiently regular
in shape to be used for ordinary building without dressing. Some
of the old houses on the island were built of just such blocks.

Plate XX, from another loeality, shows the same regularity
in the joining. It is in some of the outerops quite black, in others
bluish gray with frequent veins of white caleite showing compres-
sion. Fossils are far less common than ineither the beds of the
Chazy or Trenton, which lie below and above the Black River.

Occasional masses of Columnaria alveolata, a few cephalo-
pods or Maclurea logani or grandis, and sometimes brachiopods
are found, but by far the greater part of the rock is wholly without
fossils. Illustrations of Black River cliffs may be seen in the
Third Report, plates 33-37, 60, 61 and in the Fourth Report on
pages 107 and 135 will be found some notice of its occurrance on
Isle La Motte. From this locality the limestone is found at
intervals thru western Vermont as far south as Benson. Its
fine grain and the jet black color of some of the beds when polished
have in past times brought it into use as black marble. It was
at one time quarried for this purpose on Isle La Motte, at Larra-
bees Point and perhaps elsewhere. As a rule the exposures of
the Black River in Vermont are not extensive, tho quite numerous
near Lake Champlain.

Prate XIII.

Chazy Cliffs, Rockwell Bay, Grand Isle.



Prare XIV.

Crosshedded Chazy Limestone. e La Motte.




Prate XV,

Photographed from a Layer almost wholly composed of Strephochetus
ocellatus, Seely. Upper Quarry at Phelps Point.
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TRENTON.

The Trenton, while not so finely exposed anywhere in Ver-
mont as in New York or elsewhere, is nevertheless seen in con-
siderable force at a number of localities. It forms the greater
part of the ridge which extends thru the middle of South Hero
and there are cliffs on the west shore of the island. In the north-
ern part of the State there is but little Trenton. In Highgate
there are Trenton exposures but not extensive ones. There are
also small patches in St. Albans. South along the shore of Lake
Champlain Trenton does not appear until one reaches Charlotte.
Here at MecNeils Point and Cedar Beach there are exposures
of this limestone, there are also outerops of usually not great size,
in the line of towns of Addison County which border the lake
and on southward thru Benson. At Chimney Point and Larabees
Point the Trenton is well displayed. In most localities along
the lake the Trenton strata are not so much disturbed and in
some cases are very regularly horizontal. Plate XXI is a good
example of a typical outcrop on the shore. Plate XXII, however,
shows somewhat disturbed strata and these are seen here and
there. The Trenton beds are usually quite full of fossils and
altho the rock is nowhere made up largely of any particular species
vet some of the layers contain such fossils as Prasopora lycoper-
don or Orthis testudinarie in great abundance. If Dr. Rich-
ardson’s conclusions as given in the Sixth Report are correct,
there are extensive areas of Lower Trenton east of the Green
Mountains. The Waits River limestone and the Memphremagog
slates extend from Newport south, with some interruptions for
many miles. The Memphremagog slate includes the roofing
slate of Montpelier and Northfield. Not only these, but other
metamorphosed strata may be relegated to the same age or at
least to the Ordovician, very likely below the Trenton. The
slate belt of Montpelier and Northfield is well treated by Pro-
fessor T. N. Dale in Bulletin 275 U. S. Geological Survey. It
should be noticed that no eertain proof of the age of either the
slate or the limestone has yet been found. The reference to
Trenton is to be regarded as probable not certain. Illustrations
of Trenton exposures may be found in the Third Report, plates
XXVIII, XIL-XLII, LXII. Notes on the Trenton are found
in the Fourth Report, pages 106, 136 and Fifth Report, page 142.
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UTICA.,

The Utiea is largely distributed in the northwestern part of
the State. The whole of the Alburg peninsula, North Hero and
much of Grand Isle is covered by shales of the age. The soil
of these regions is largely due to the decomposition of this shale.
Here and there the Utica appears on the Vermont shore of Lake
Champlain and in small patches away from the lake.

There is a cliff of Utica not far south of Sandbar bridge on
Grand Isle which affords the best example of folding and crumpling
that I know of in this region. Plate XXIII shows the central
portion of this eliff and other portions are figured inthe Third
Report. This cliff shows greater disturbance than is seen else-
where, but it is not usual to find the Utica in such horizontal
and regular layers as is seen in the Trenton or indeed most of the
Ordovician strata of the Champlain Valley. Evidently the
Utica beds were subjected to greater stress than those of earlier
formations. The Utica is nowhere fossiliferous to any great
extent. A few fossils, few in numbers and few in species, are
found in many limited localities, but by far the larger part of
the shale is destitute of any trace of life. Insome few places the
Utica becomes more compact and contains more lime and finally
grades into limestone and bears, with typical Utica species,
those that are as typically Trenton. Indeed as noted in a former
report the Trenton and Utica pass from one to the other and
in the Champlain Valley at any rate, no good line can be frawn
between them. Thus far no trace of Utica has been found east
of the mountains tho some of the rocks of that region may not
improbably be metamorphosed beds of this age. In several
places, as at Shelburne Point the black shale is thickly traversed
by veins of white caleite which are very conspicuous. These
veins are of all widths from fine hair lines to bands several inches
wide. These white lines and bands are results of the same dis-
turbances that caused the folding and tilting. Plate XXIV shows
one of the boldest of the few Utica headlands on the shore of the
lake. The Utiea is everywhere a soft, shaly rock, with the small
exception noted and therefore easily wears away under erosion

so that much of what formerly, geologically speaking, formed
the lake shore has disappeared. A few of the islands as the
Four Brothers, Juniper, Rock Dunder, are of this rock.

With the Utiea, the formation of stratified rocks over most

Prate XVIL

One fifth natural size.

Crrvptozoon saxiroseunt.



Prate X VII.

Seetion of Maclurea magna in Marble from Ripley Quarry, West Rutland.
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Isoteloides angusticaudus, Raymond. An entire, but im-
perfect specimen from Isle La Motte. Slightly larger
than natural size. Vermont University Museum.

Onchometopus obtusus, (Hall). Cephalon and thorax of an
enrolled individual in the Vermont University Museum.
From Isle La Motte, Vermont.

The same specimen. Thorax and pygidium.

The same species. A pygidium from Valcour Island, show-
ing the large punctae of the shell.

Ceratocephala  narrawoyi, Raymond. The eranidium of
the only specimen known. From MecCullough’s sugar-
bush at Chazy, N. Y. About three and one-half times
natural size.

Amphilichas mingariensis,  (Billings). A young individ-
ual whose dorsal furrows do not reach the neck-furrow.
About three and one-half times natural size. From
MeCullough’s sugar bush at Chazy, N. Y.

Nileus perkinsi, Raymond. The cephalon and part of
thorax. This specimen is from Isle La Motte, and is
now in the Vermont University Museum. Holotype.

Nileus perkinsi, Raymond. Paratype in the U. 8. National
Museum. From Isle La Motte, Vt.

Glaphurus pustulatus, (Walcott). A photograph of one

of the specimens. From Chazy, N. Y.

The same species. A large entire specimen from Isle La
Motte, Vt. Vermont University: Museum.

The same species.

Heliomera sol (Billings). A glabella from the lower part
of the Chazy at Chazy, N. Y. About three and one-
half times natural size.

Nieszkowskia sp. A pygidium from McCullough’s sugar-
bush at Chazy, N. Y. About three and one-half times
natural size.

Pliomerops canadensis, (Billings). A small specimen from
Valeour Island, New York.

Prate XVIIL,

Trilobites from the Chazy Limestone of the Champlain Valley.
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of Vermont ceased finally, except that there is a very small area
in the extreme southern part of the State in Vernon which has been
usually regarded as Silurian and another larger area near Owls
Head in Canada which is Devonian. That there are other
Devonian areas wholly within the State is very probable. Indeed
if Dr. Hitcheock’s conclusions as given in his article later in this
volume are correct, we have in Springfield and Charlestown con-
siderable areas of altered Devonian strata. No undoubted De-
vonian fossils have been found at any time within the limits
of Vermont, tho in the Memphremagog region a few have been
found very near the line. After the Devonian there is no evidence
that any part of the area of the State was under water and that
rock making went on until many ages had passed.

TERTIARY.

In the Tertiary of Brandon we have a most singularly re-
stricted area of Eocene Tertiary with many species of fossil
fruits, but no other form of life. The Brandon lignite has been
fully discussed in the Fourth and Fifth Reports and many species
of the fruits figured and described. Sofar as our present knowledge
goes, we know only of the small masses of lignite near Brandon,
but as bits of the same material have been found in boring a deep,
well in Waltham, twenty miles north it seems certain that it
extendsnorth farther than hasbeensupposed. The ligniteis now
everywhere covered, tho many vears ago it was found at the sur-
face at a few points according to Dr. Hitcheock’s account written
in 1851.

But no surface showing has been found for many years, all
that has been seen having been reached by shafts sunk thru the
associated clays. Because of its concealed position it is probable
that the true’extent of the lignite will never be known. Nor
is it possible to know how much of the material, clays, iron, ete.,
associated with it is of the same age and can be used for determin-
ing the Tertiary area.

The 1861 Report, regarding all the associated clays as of the
same age, makes out a narrow strip running from Bennington
north to Monkton almost without break and, according to these
geologists, with considerable breaks, it was found as far north
as Swanton. A list of twenty-six towns west of the mountains
and three east of them, is given in all of which evidences of Tertiary
beds had been found as these geologists thought,






— o ——

Prate XXX (a

Top of Ledge, Fisk Quarry, Isle La Motte, showing Glaciation,
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gauge time, of long duration. Sooner or later another change in
the climate of this region came about and the ice began to melt
and with the melting to recede northward leaving the surface of
the country again uncovered though much changed.

As soon, apparently, as the country was inhabitable, animals
and plants came to occupy it. Strange animals and at first
arctic plants. Some of these plants may still be found, a dozen
species, on the summits of the higher mountains or at lower
levels in Labrador. But the animals which roamed over what is
now Vermont in post glacial time were of species quite unlike
those now living here. Two species of elephant left bones and
teeth in several localities. Not many, but enough to prove that
they did live here. Specimens of these are in the State Museum
at Montpelier and elsewhere.

In due time, other changes came about and modern condi-
tions and modern plants and animals replaced those that had
preceeded them and we come to the Vermont familiar to us
of today. With the melting of the great ice mass immense tor-
rents filled all streams and lakes. These were modified not only
by the enormous increase in the amount of water, but also by the
dams which not infrequently formed. These were sometimes
of the retreating ice itself and of course relatively of short duration,
and sometimes of the material moved by the glacier and more or
less permanent. Necessarily, these dams of ice, gravel or clay
changed for a greater or less length of time the courses of streams
and the form and size of lakes. When one considers the probable
effect of all these agencies, rise or fall of land, retreat of ice or
earth, it is easily seen that during Pleistocene time very great
changes in the physiography of the State must have oecurred.
And yet it is not easy to realize how extensive these changes
must have been until we bring together as many of the facts as
possible and correlate them with each other. Many rivers flowed
in quite different course from those familiar to us. All were
vastly larger and therefore eroded larger and deeper channels.
All lakes were larger, some of them many times larger than now,
and their outlets were not as now. These facts may be illustrated
by some examples which are moreor less directly connected with
the history of Lake Champlain.
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Richmond, about half of Hinesburg, most of Shelburne, New Haven
and Middlebury, a small part of western Brandon, Salisbury and
the northern part of Orwell.  The old lake appears to have been
more like a river than a lake south of Orwell, as it is now. But
from Burlington south to Orwell, as the boundaries given show,
our lake must have presented a very different appearance from that
seen now, for instead of the narrow outline which it now has it
must have been at Charlotte some fifteen miles wide and at
Shoreham not less than twenty. There are several surface condi-
tions by a study of which the former extent of a lake may be de-
termined. The most important of these indications of the pres-
ence in any locality of a water body are the old beaches. One of
these is shown in Plate XXXII. This is on Isle La Motte. The
road from the village to the chazy ferry is cut thru the old beach
and because of the cut it is very easily studied and its structure
seen. It was a shore of Marine Lake Champlain and contains
numerous shells of the common mytillus of our present sea shores.
Attention has been called to the fact that at different periods, Lake
Champlain has had several outlets. Professor Woodworth, while
believing that these have not yet been fully made out, thinks that
the following can be considered well defined. One was near Quaker
Springs and at the time that the water flowed southward into the
Hudson Valley the ice mass had not yet melted back as far north as
Port Kent. Another outlet was at Coveville. “The cove at Cove-
ville * * * * shows clearly that a large stream at one time flowed
southward over the wall of the gorge at this place into the main
gorge of the Hudson River, and was arrested after a slight amount o
of cutting had been accomplished.”” The next outlet was thru the
Wood €reek valley into the Hudson valley near Fort Edward.
Professor Woodworth thinks that this was the lowest southern .
outlet which the Lake found. He also appears to think that prob-
ably there, leakage at the north thru which some water escaped
thus lowering the level of the lake, but says that this cannot yet
be proved. Now came an uplift of the land by which the divide
now existing between Whitehall and Troy was at least com-
menced, and by which Lake Champlain was finally separated from
the Hudson valley.

At the time of its greatest enlargement Glacial Lake Cham-
plain was several hundred feet higher than now and it has been
thought by some writers that possibly there might at one time have
been a flow through the Green Mountain divide into the Con-
necticut valley.
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rarely, by morainal material. In the Winooski, Lamoille and other
valleys, larger or smaller lakes were formed which continued for
a greater or less time until by the melting of the ice mass, or
changes in level or other causes the barriers were removed and
the water drained off. Mr. Merwin has noted several of these
lakes in his paper in the Sixth Report.

MARINE LAKE CHAMPLAIN.

After the divide between the Hudson Basin and that of Lake
Champlain had been formed by the elevation of the land south
of the lake and by the melting of the ice an outlet to the north
had been found the ice probably for a time formed a barrier which
effectually shut out the westward extended Gulf of St. Lawrence.
But this in turn must pass with the increasingly mild climate
and the sea water rushed in and filled the Champlain Basin.
There was also a depression to the north of four hundred or five
hundred feet. Thus Champlain became for a time an arm of
the great St. Lawrence Gulf. The lake never reached so great
an elevation during its marine stage as while a glacial lake. It
was one or two hundred feet lower than the glacial lake and con-
sequently covered a less area, but it still was much larger than at
present.

A much smaller number of species of fossils is found thus
far in the Champlain Valley than in that of the St.Lawrence.
In all only about twenty species have heen collected while in
Canada several times as many occur in the Champlain clays.
Indeed only three species are common. These Macoma baltica
Mya arenaria, Saxicava rugosa are found wherever the clays
oceur,

The mostinteresting of the fossils found in the elays formed dur-
ing this marine period is the small whale, bones of which were found
in 1849 in the town of Charlotte. As these are fully deseribed and
illustrated in the Sixth Vermont Report, 1908 little need be said
here. The specimen is very similar to the small white whale
Delphinaplerus, now living in the Gulf of St. Lawrence, but it
is believed to be specifically different. The distribution of the
shells in the deposits of the Champlain sea is interesting. The
Macomas and Saxicavas are found wherever fossils oceur, but the
Myas are usually less common and in many localities are lacking.
In some places, however, they are quite abundant. There is 2
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Prate XXXIIL.

Old Sea Beach, Isle La Motte.
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layer on the west side of Providence Island one or two feet thick in
which these clams are very abundant tho there are few other
shells. So too in the section of an old beach on the west side of
Isle La Motte on the road from the village to the Chazy ferry,
there are multitudes of Mytilus edulis, tho this shell is usually
uncommon in these deposits. A list of the fossils thus far found
in the Champlain beds of Vermont is given on page 55 of the
Sixth Report. '

In and about Burlington the only common shells are Macoma
and Sazxicava with now and then a Mya. These species are found
frequently in the various trenches which are opened in the streets
as far up as near Prospect street. The southern extent of the lake
when it was an arm of the St. Lawrence sea is uncertain and
there appears to be considerable difference of opinion among in-
vestigators. It does not seem probable from the available evidence
that the salt waters extended south of Ticonderoga. There may
have been a narrow passage, at any rate in the early part of the
period, thru which the waters ran into the Hudson Valley then
also an arm of the sea, but this does not appear to be certain and
later there seems to have been an entire cutting off, or rather
damming up of any such passage by the elevation of the land
and the final establishment of an outlet north into the St. Lawrence
Gulf. |

LaxE St. LAWRENCE.

Perhaps attention should be called to a more or less hypothe-
tical Lake St. Lawrence which was first mentioned by Mr. Upham.

Leaving for a moment the period of which we have been
writing, and going back to a previous period when Lake Iroquois
and Lake Champlain, then probably united with Lake Albany
or some such body of water to the south, were united and thus
a large body of fresh water reaching from and including the
Ontario Basin to Quebee as well as the Champlain Basin, we thus
have a large lake which Mr. Upham thinks existed for a time and
which he ecalls Lake St. Lawrence. Other writers interpret the
terraces, beaches, ete., differently and question the need of postu-
lating such a lake. At any rate, if this lake ever existed, its area
must have been covered by the sea when it came in from the east.
As to the levels found in terraces in the Champlain Basin, Mr.
Peet remarks, ‘‘If the upper terrace of the lower series represents
the sea level, then on the abandonment of the Fort Edward out-
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let, the history of the Higher Glacial Lake Champlain was closed
and that of Marine Lake Champlain was inaugurated. If during
the fall of Higher Lake Champlain level to the upper terrace of the
lower series there was no change in the altitude of the land, then
since the difference in level between the two series is generally
120 feet, Higher Glacial Lake Champlain must have been at its
closing stage 120 feet above sea level and at its higher stage,
barring uplift during its history, it must have been 75-100 feet
higher. If the upper terrace of the lower series of terraces does
not represent the sea level, but does represent the lake level, then
Higher Glacial Lake Champlain was more than 100 feet above the
sea when its outlet was abandoned. It is to be noted that the
level of the Fort Edward outlet valley at Whitehall is close to
120 feet and if the Higher Glacial Lake Champlain at the close
of its history was 120 feet above sea level then there has been no
change in this part of the outlet since that time, but farther
south, at the 160 feet divide near Fort Edward there has been
an uplift of more than 40 feet. ”

“‘Since the uppermost terrace of the lower series when pro-
jected southwards falls below the Fort Edward outlet level, and
since marine fossils have not been found south of Port Henry,
whese they were found at a level of 140 feet and lower, it is be-
lieved that the sea did not reach south as far as the Hudson
Valley. It has been calculated, by projecting the terrace gradient
southward, that Benson Landing or Putnam Station was approxi-
mately the southern limit reached by the waves waters, forming
the upper terrace of the lower series.” (Peet, Jour. Geology,
Vol. 12, p. 628.)

Cray DeprosiTs oF MARINE LAKE CHAMPLAIN,

Into the waters of the marine lake which occupied the Cham-
plain Basin there flowed, as has been shown, all the rivers now
emptying into the lake, but of much larger volume and conse-
quent force. Not only this, but the vast amount of material
which had been loosened and much of it ground fine by the great
ice sheets was easily moved and therefore there can bo no doubt
that an incredible amount was carried by the current into the lake.

In this way a very great amount of rock in various stages
from finest powder to coarse gravel or even larger stones was de-
posited over the bottom of the lake. After the elevation of the
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Prate XXXIII.

Rockwell Bay from the North. A typical Grand Isle Bay.
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land and the consequent subsidence of the water, some of this
came to the surface and the clay soils of western Vermont, as in
Addison County or on Grand Isle were the result. While more
is said about Champlain clays it should not be supposed that only
clay was deposited at this time. The softer rocks would, as
is always the case, be ground fine and be deposited as clays, but
the harder siliciousrocks would form sand or gravel or beds of
cobblestones. Towards the end of the marine period the land
in the northern part of the Champlain Basin had become so
elevated that conditions essentially as at present were produced
and the sea receded from the Champlain and St. Lawrence basins
and Lake Champlain and the St. Lawrence River as we know them
were established.

CONCLUSION.

The published investigations of Baldwin, Peet, Upham, Wood-
worth and others have been freely drawn upon for the foregoing
account of the Pleistocene history of Lake Champlain, The full
titles will be given in the Bibliography which follows. Leaving
aside the minor divisions of this history we may follow Peet in the
statement of the greater stages in the progress of events as follows:
Hudson-Champlain, Higher Glacial Lake Champlain, Glacial
Lake Champlain of authors, or Lake Vermont of Woodward,
Marine Lake Champlain, Modern Lake Champlain.

In conclusion I can give no better summary of the quite com-
plicated and in many respects uncertain historyof the Champlain
Valley than to quote freely from the closing statements of Professor
Woodworths admirable study of this region and,although his work
was confined largely to the New York portions of this valley, vet
the results stated must for the most part be equally applicable to
the Vermont side. As the Hudson Valley is so closely connected
with the Champlain Valley in all its history it will be useful to in-
clude some of the conclusions reached in respect of that.

“The ice front after receeding from the moraine at New York
Narrows became more and more irregular in outline, more and more
reduced to a long narrow loop projecting southward in the Hudson
Valley and receding northward in the highlands which formed a
wall on either side of it. * * * * When the ice disappeared from the

Fallkill Valley about the northern slopes of the highlands it formed
a long tongue from Newburg northward covering the greater
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part of the width of the floor of the Hudson Valley. About its
margins were accumulated stratified gravels and sands now in the
form of terraces, with kettle holes and ice block holes extending
on its eastern margin northeastward probably into union with one
or more of the morainal stages described by Taylor in the Berk-
shire hills, * * * * Ag soon as the Mobawk Valley was opened
a large contribution of water charged with fine sediment came into
the Hudson Valley from that direction and was distributed far
and wide to the south in the form of clays which may be traced
as an almost continuous sheet over the rock benches and in the
gorge itself as far south at least as Saugerties. The same body
of clays extends northward along the Hudson banks at least to the
southern horder of the Fort Edward district and probably it is
the same eclay formation, though perhaps of a somewhat later
stage of deposition which is traceable through the valley of Wood
Creck into that of Lake Champlain. * * #* * For a time the wat-
ers of Lake Albany extended over the Fort Edward district cover-
ing the lower portion of the plateau about Fort Ann and thence,
connecting with the narrow defile of Wood Creek, united with a
glacial lake which was extending northward in the valley of Lake
Champlain pari passu with the retreat of the ice from that valley.
The attitude of the land from Lake Champlain southward to the
region of Lake Albany was now that of depression on the north
so that the floor-of Lake Champlain was below sea level though the
sea was as vet excluded by the ice.’” * * * * The draining of
Lake Albany, due to unknown, but supposable causes has already
been noticed on a previous page. It must have been due in great
measure to a deepening of the Hudson channel to the south as
there is no evidence according to Woodworth, of any elevation of
the land north in the Champlain region, at this time,

After this came what Woodworth has called the Coveville
stage of Lake Vermont. This lake having come into existence
after the draining of Lake Albany. Gradually the filling of clays
in the old gorge through which the Hudson now passes Schuyler-
ville was removed and the discharge from Lake Vermont fell into
this lower channel redueing the level of the waters on the north till
they fell to the level of the present divide hetween the Hudson
and Champlain drainage in the Wood Creek Valley just northeast
of Fort dward where the lowest point in the height of land he-
tween the St. Lawrence and the Hudson Valley is only 147 feet
above the sea. This stage of T.ake Vermont when all traces of a
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Black River Limestone, Chippen Bay, looking

north.
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lake had disappeared about the Fort Edward district, found the
Hudson from Fort Edward southward a much more powerful
river than it is now.”’

Subsequent to the invasion by the sea the land began to rise
on the north and to sink on the south a movement which according
to the evidence collected by Gilbert and others in the Great Lake
distriet and by Cook and others along the coast east and south of
New York, is still going on. In the valley of Lake Champlain we
find indisputable evidence of uplift as high as marine shells oceur.

About the mouth of the Hudson we observe evidences of re-
cent sinking and though we cannot from what we see there,
determine how long the depression has been going on, it would
seem as if the land must have gone as far beneath the sea at that
end of our line of ancient water levels as it has risen out of the sea.
on the far north.”” Of the modern lake Mr. Baldwin writes as
follows: “As the continent in late Pleistocene times rose to its
present height, the sea was drained off, but the great dam formed
by the elay plain to the north changed the character of the drainage
from that of the preglacial Champlain River to the present lake.
The fresh water lake was at first fifty feet higher than now, but
the Richelieu has lowered its channel to its present level since.
The present lake lies mostly above the preglacial channel but the
southern end seems to occupy that part of the old channel and is
now little broader than a river.”’

But this does not close the history of Lake Champlain for
changes do not stop with what we call geological time as has al-
ready been intimated. The shores of the lake are not by any
means the same as centuries ago. Most, if not all, of the bays
which are frequent along the border of the lake have been exea-
vated since the lake was substantially what it is now. The older
shores were much more regular and without many indentations.
The waves of the lake, the ice breaking up in spring, all eroding

_activities have been long cutting into the shores and will do so

always. Plates XXXIII, XXXIV show two of the bays which are
typical of most and which have been cut out from the shore and,
as are all the others, continually becoming deeper and larger.

If the reader will recall the more prominent phases that have
been mentioned in this history of Lake Champlain from its origin
in Ordovician times through the intervening ages until the present
the complex processes through which the region now known as the
Champlain Valley has been moulded into its present character
will be evident.
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Nevertheless, Lake Champlain and the territory environing
it has nothing especially unique. Many portions of the earth of
no greater area have passed thru as many and as great changes,
possibly greater. This example is of especial interest to us as
dwellers near the lake, but itisonly an example of whathas been
going forward for ages all over the world. Not by few and simple
steps, but by many and intricate processes has our world come to
be what it is.

BUILDING STONES.

During or after the deposition of the Cambrian and later
rocks other processes than those mentioned went forward the
results of which are of the greatest importance to the State. None
of the other rock formations have been or can be of as great value
to Vermont as the deposits of slate, marble and granite from which
large revenue comes annually. These were not produced during
the same age and in the case of granite and marble it is not certain
that all the deposits of either of these was formed in the same
geological period, and it is quite certain that the slate was made
partly in the Cambrian and partly in the Ordovician.

SLATE.

The slate appears to have been formed before the other two.
The methods employed in quarrying and preparing slate for market
are described in the Second Report, pp. 18-30, Fifth Report, pp.
8-19 and in every report of this series there is some statement
as to this industry. The most instructive and comprehensive
information as to slate is found in Bulletin, U. 8. Geological
Survey, 275, by Professor T. N. Dale. In the Nineteenth Annual
Report of U, 8. Geological Survey, pt. ITI, is an elaborately
worked out account of the slate belt of eastern New York and
western Vermont with plates and maps, by Professor Dale. Popu-
larly, slate and shale are used to indicate the same sort.of rock,
but geologically they are quite different and therefore cannot be
the same under any conditions.

In quiet, deep water fine sediment accumulates in beds of
mud and clay. This hardens into shale, with of course, layers
approximately horizontal. If by any change in the sea bottom
a bed of this sort is sunk beneath the water so that other material,

Prare XXXV.

Typical Slate Quarry.
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say limestone, is deposited upon it so that it becomes finally
weighted down by this overlying mass. Then a strong lateral
pressure is put upon it, heat and moisture being present, the
arrangement of particles of the shaly layers is changed and many
are flattened, so that at last when the mass is consolidated and
become stone it may not only show the original bedding of the
shale, but another arrangement of layers, crossing at a high angle
the plane of bedding-and, by the conditions finally reached, a
slaty cleavage is produced, that is a cleavage into thin sheets
across the plane of bedding. By these same processes, too, the
stone is rendered more compact, tougher and may be somewhat
altered chemically. Shale, even if it splits into thin even sheets
is rarely, if ever suitable for roofing or similar purposes. It
needs the change that it brought about in forming slate.

I have been somewhat detailed in this account because it not
infrequently happens that one and another, finding a deposit of
pretty evenly bedded shale is at once inclined to start a slate
quarry. In some cases considerable money has been wasted in

- the futile effort to get roofing slate from a bed of shale. But,

as abundant experience in this State amply proves, it is not always
possible to get saleable slate from a genuine slate quarry, and
there is always much waste material to be gotten rid of in the
best quarries. Hence caution and expert advice is always desir-
able before putting money into a slate quarry. There are many
reasons why even what appears to be a good deposit of slate
cannot be profitably worked.

Plate XXXV shows one of the larger slate quarries. Our
large slate quarries are mostly of the pit order; that is to say,
from a not very large opening at the surface, the slate is quarried
down more or less vertically, a deep pit being thus made.

There are four slate areas in Vermont, but only one has been
extensively worked, though in all quarries have been opened at one
time or another. Only two of these areas are shown on the map,
because only in these have quarries been operated for many years
and the map is only designed to show where recent production
has been carried on, Of the areas found in the State, two are east,
and two are west of the Green Mountains. The map Plate LXXII
shows the location of the slate area in the State. In the town of Ben-
son there is a small area of black slate which has never been worked
to any extent. The important and largest area of workable slate
is that which begins in Sudbury not far from Brandon and extends
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south thru Fair Haven, Poultney and Pawlet to Rupert. It
also crosses into New York, but the quarries of Western New York
are not in this belt nor of the same age. As may be seen from the
map, most of this'region is in Rutland county.

On the east side of the State there are two long and narrow
areas. One of these lies along the eastern flank of the Green
Mountains from Canada to Barnard. It passes thru Newport,
Coventry, Montpelier and Northfield and is the black slate
quarried in the last named places. That part of this area which
has been worked at Montpelier and especially Northfield is indi-
cated on the map, but the belt as a whole is not shown. According
to Dr. Richardson this belt may be subdivided into three which
are somewhat different in texture and age altho he considers
them all as of Lower Trenton age.

The slate of this area is all black or at least dark gray. The
fourth area extends along the Connecticut River thru Thetford,
Guilford and Waterford. No quarries have been worked in this
area for many years. Because of the above fact the outlines
of this slate area are not shown on the map. It is probable that
this eastern slate bed is Ordovician in age. All this slate is black.

As bas been indicated, the only slate area which is of import-
ance at present is that in Rutland county. The slate from numerous
guarries has been sold for many years for roofing and in thicker
pieces for a great variety of purposes. While all the slate of the
other areas is black or gray that from this is never black and rarely
gray. Purple, several kinds of green, and variegated, green and
purple, are the colors found. These are often sold under commer-
cial numes. In beds of limestone which are associated with some
of the slate Olenellus and other Lower Cambrian fossils have been
discovered thus fixing the age of the slates in this belt. More
will be stated as to this later. But not only in the associated
rocks are fossils found. On the slate itself worm tracks and
impressions of sea weeds are found sometimes in abundance,

Fossils of Lower Cambrian age have been found in nearly two

hundred localities in the slate belt.

As has been elsewhere noticed in these Reports, all the red
slate sold comes from quarries not far from the Vermont boundary
but on the New York side of it, These New York slates are with
a few exceptions Ordovician in age, altho they form part of what
appears to be a continuous slate area.
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Dike on the Shore of Grand Isle, showing Vein of Caleite in Chazy Limestone,
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MARBLE.

The Marble area is found mostly in the same Rutland county
east of the slate as is shown by Plate LXXXII. Other quarries
produce marble of trade and no fault need be found with the
name, but the stone which most correctly is ealled marble comes
from the one area indicated on the map which is nearly all in the
country named. The distinction made between true marble and
stone which goes by the name in trade is that the true marble is
metamorphosed limestone, while the other is used in the same way
and so far as trade is concerned may properly enough go by the
same name. It is nevertheless unchanged stratified rock, as the
Champlain marbles, or a silicious metamorphie rock as the Verde
Antique of Roxbury. The age of the Rutland marbles was first
determined by the patient and careful investigations of Reverand
Augustus Wing, a most retir ing country minister who did very
much to elucidate some of the difficult problems presented by Ver-
mont geology. As will be seen later, Mr. Wing not only showed the
age of the marble, but of other rocks of his region and placed future
students under lasting obligation. We may not yet know the precise
age of all the numerous quarries which are worked in the area but
it is pretty certain that most if not all are Ordovician and those of
West Rutland at any rate, Chazy.

This was Mr. Wing’s conclusion and since his death very
satisfactory proof of the correctness of his views has been found.
One of the most characteristic of the Middle Chazy fossils, Mac-
lurea magna, has been found in abundance in the lower layers of
the old Ripley Quarry, as see Plate XVII.

Some account of the marble industry in Vermont will be found
in all the Reports and in the Second and Sixth are especially full
discussions of marble. In the Second Report methods of quarry-
ing and subsequent working are taken up and in the sixth, the
different kinds usually put upon the market are described. As
stated in that place, probably not less than a hundred different
varieties could be obtained from the different quarries, but only
about half of these are commonly kept on hand tho the rest
could be gotten out if demanded. Like the slate quarries, those
from which marble is taken are usually open pits from fifty to
several hundred feet deep. I do not know that any of the slate
quarries are carried into the side of the quarry in a tunnel, but a
few of the marble quarries are to some extent. Illustrations of both
slate and marble quarries may be seen in the Reports referred to.
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OTHER MINERAIL RESOURCES.

As is well known the three materials, slate, marble and
granite are by far the most important mineral products of this
State, but there are some other materials that are surely worthy of
gsome mention. It is not improbable that a {ew of these may in
time become of much greater importance than now. Most of
them occur in other parts of the State than those where they are
now worked and as demand increases these now undeveloped
properties will grow valuable. As has been repeatedly said in
other Reports, Vermont cannot hope to become a mining state so
far as metallic products are concerned. Our ores are too poor in
quality and too limited in quantity to give any promise whatever
of future income, but this is not true of those materials named or
of those named below. There is every prospect that the income
to the State from building stones and from those other products
to be mentioned will increase for many years to come.  The supply
of slate and marble is very large and that of various kinds of
granite is practically inexhaustible. And those lesser produects,
asbestos, tale, soapstone, ete., are sold in increasing amounts.

ASBESTOS.

Asbestos 1s mined, or rather quarried, in but one locality, that
on the north east side of Belvidere Mountain. Yet more asbestos
is produced at this place than in all the other localities in the United
States, tho much less than is obtained from the Canadian
localitics. It is encouraging to note that at this locality, Chryso-
tile, the work is prosperous and increasing. Further details of
the work at Chrysotile will be given in the article in this Report
on Mineral Resources. Asbestos is found in other parts of this
same mountain and some of these may be developed at some future
time.

An account of the rocks of Belvidere Mountain and of the
work which is being carried on there will be found in the Fourth
Report pp. 86-102 Serpentine Belt of Lamoille and Orange Coun-
ties, W. F. Marsters. A fuller discussion of this subject is given
in the Fifth Report and in the Seventh Report, pp. 315-330
Professor C. H. Richardson in Asbestos in Vermont gives the latest
study of this region. ’
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SOAPSTONE.

SoapsToNE has been quarried, tho at no time in very large
quantities, for a hundred years or more. The map shows the
location of soapstone and tale together as they are usually found so.
Indeed, soapstone is a compact tale. Soapstone is quarried in
Chester, Perkinsville, Athens, tho not in very large amount.

TALC.

Tarc is found in many places in this State, but is at present
worked only in Cavendish, Moretown, East Granville, Rochester,
Johnson, Hammondsville, Grafton. Beds of tale oceur in other
places, but are not worked, and in some of those places named
it is mined irregularly.

CLAY.

Cray of different sorts is found widely distributed over the
State. Where there are wide areas, as in the lake region of Addi-
son County the elay which forms most or all of the surface soil
is the result of the great glacier, directly or indirectly, but there
are other clay deposits of more limited extent which were formed
much earlier as for example, the pure white kaolin beds at Brandon,
or the variegated clays from which formerly, the Brandon paint
was made. The clays from which the Rutland fire clay is prepared
and those near Bennington some of which were sold for paint,
(ochre) others were used in the manufacture of china ware. Ochre
beds were also worked in Wallingford. But all, except those at
Rutland and Forestdale (Brandon) and Bennington are no longer
worked and have not been for a good many years. These are most
of them of different origin from the more widespread and common
clays as they are produced not by the depositing of ground up rock,
but from the decomposition of rock and often very hard rock. The
white kaolins come from feldspar and the Rutland clays from mica
and other schists, the others are an earthy form of oxide of iron.
As everyone knows, clay suitable for brickmaking is found in
many places. It seems quite probable that the clays of Vermont
will in future be far more extensively worked than now.

LIMESTONE.

Limestone suitable, or at least possible, for burning into
lime is found abundantly in the western and less so in the eastern
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hills that belong with them. For this reason there is compara-
tively little rock in the State which has not been more or less
altered from its original condition.

In the neighborhood of the lake along the western border
we find limestone, sandstone and shale which has been little
changed, sometimes not at all, but except for narrow and rather
small areas, we find no rock unchanged and often it has been
completely transformed. Change, activity, the manifestation of
several geological forces working together, or one after another have
produced the results which are familiar to us. First the Adiron-
dacks then the Green Mountaing were uplifted to heights that
we can only guess and then came the uncaleulated period mostly
of quiet, when erosion and weatherings slowly, but effectually,
broke down the eliffs and reduced the heights until the vast ice
masses of the great glacier completed the work that had so long
been going on. As has been intimated, there appears to be
some rock in the mass of the Green Mountains that is as old as
that of which the Adirondacks are chiefly composed, but the
larger part of their mass is of later origin.

The interval between the close of the Ordovician and the
Pleistocene is often spoken of as a period of quiet, but at some
time, or times, this quiet, which probably was characteristic of most
of the time, must have been thoroughly disturbed for the dikes of
which have been mentioned and especially the Great Fault must
have been attended by great earthquake movements and per-
haps also voleanic outbursts as certainly was the throwing up
of the masses that became the granites.

I have already mentioned Ascutney Mountain as showing
voleanie activity. Around the base of this mountain there are
schists and other metamorphic rocks, but the main mass is erup-
tive in character. This does not, however, conclusively prove
its volcanie origin.  Until recently the main mass of the mountain
has been considered voleanic, but Dr. Daly, who has studied the
rocks more thoroughly and carefully than anyone else, concludes
that they are not. That is not in the ordinary sense. The rocks
were not suddenly nor violently thrust up in the form of molten
masses thru rifts in the crust, but formed slowly, gradually
“‘by some kind of assimilation of the invaded formations.” This
is not the place for a discussion of the problems involved. Those
interested are referred to Bulletin 209 U. 8. G. 8., which is devoted
entirely to Dr. Daly’s discussion of the rocks of Ascutney.
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DIKES.

The dikes of the state as a whole have never been carefully
studied. Many of them are mentioned in the 1861 Report and
interesting data are given, but the study of igneous rocks, as well
as the nomenclature of the varieties has greatly changed since that
Report was published. Moreover, by no means all of the now
known dikes are there enumerated. They are especially numerous
in the western part of Vermont near Lake Champlain. For exam-
ple over forty were found in course of an examination of Grand
Isle. These are noticed in the Third Report of this series and a
Petrographic Description is furnished by Dr. H. W, Shimer. The
dikes of Chittenden County are discussed in the Sixth Report and
in Bulletin 107 U. 8. G. 8. Professor K. F. Kemp has published
the results of a study of The Trap Dikes of the Lalke Champlain
Region. In this Bulletin there is much of interest to one studying
the subject. DBut there is opportunity for much investigation in
this field. The dikes have heen mentioned in immediate connec-
tion with the granite because they have much the same origin.
As has been noticed, they are of different ages. Some of them
evidently are very old, but many are, like the granite, of some age
after the Ordovician because they cut thru. the rocks of that
age. Probably some, perhaps many, were intruded during the
disturbances accompanying the final uplift of the Green Mountains
for in the upheaval, erumpling, metamorphosis of the rocks that
make up the mass of these mountains there was much disturbance
over the whole area that is now included in the State. A moun-
tain like Ascutney could not have been formed without considerable
voleanic activity. And some of the larger dikes may well have
been attended by something of this sort as they were forced
up thru cracks that broke thru large masses of solid roeck.
Some of the Grand Isle dikes have eut thru the entire island
and appear on both sides. But the most impressive proof of great
voleanic or earthquake violence is found in the Great Fault to which
Sir William Logan called attention more than fifty years ago. By
the Canadian geologists this is usually ealled The St. Lawrence
and Champlain Fault. At or near the close of the Ordovician the
whole mass of strata along western Vermont and north in Canada
were broken thru and one side raised several hundreds of feet
above the other. In places the Trenton and Beekmantown come
opposite, tho as formed they must have been widely distant
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most of his active life as a minister, as an avocation took up the
study of the rocks of Addison County first and then he extended
his field north and south of this county, tho never covering a large
territory. His especial study, to which he gave years of explora-
tion and thought was the area of crystalline limestone of Rutland
County including the Rutland marble. Professor H. M. Seely
has well summed up Mr. Wing’s work as follows: ““The lime-
stone region of the Otter Valley lies in a great syneline. On the
east it is bordered by ridges of quartzite which extend along the
western foot of the Green Mountains; on the west by the red
sandrock whose elevation and fracture forms the great fault
north and south, seven to nine miles from the Champlain shore.
The axis of this syneline descends southward while on the north
it rises until the worn rimsof thesilicious rocks the quartzite and
redsandrock very nearly approach and unite.  Within this trough
lie the limestones and slates.  These are of the age of those that
lie west of the great fault, the fossils of which long ago placed
them with the lower Silurian. These strata, originally deposited
in regular order, by some grand mountain making movement
have been folded and compressed, snapped and displaced, the
fossils by the same movement largely obliterated. The great
svnelinal was left with subordinate north and south anticlinals and
synelinals; the whole complex was left exposed to the subsequent
abrasions of geologic time.'*
Before Mr. Wing’s death in 1875, sometiomes in his company,
Professor J. D. Dana went over portions of the same ground
and afterwards Professor Dana spent some time in the region.
His strong commendation of the work of Mr. Wing adds much
to its authority, altho it was sufficiently convineing in itself.
It is searcely too much to say that the work of this retiring country
minister was the first really valuable geological work that had been
done in the area which he undertook to unravel. After the con-
clusion of Mr. Wing’s investigations and the less extensive work
of Professor Dana, little was done in Vermont for several years,
but in 1890 and the years following much more important investi-
gations were made than had ever been accomplished in the State.
Most of this work was carried on in or about Rutland County,
where certain perplexing geological problems attracted several
geologists both on account of the interest aroused by the locality

27“Life and Work of Augustus Wing, Third Report, Vermont Geologist,
p. 27, -
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northern part of Rutland County and the south eastern part of
Addison County. This locality is taken up because, as Prr())fe"‘sor
Dale remarks, there is liere a meeting of the princii)a] form;i(())n
oi. the Taconic region, namely, the Cambrian Slate, Stockbridge
Lm.les.tone‘, and Ordovician Schists.  After givin;; reaéoni f%r
assigning the different rocks to Cambrian. and Ordo{riciari aO';e the
writer sums up the matter as follows: .
'“Tl.]e interpretation of the facts set forth in the map and
section is this: The lower Cambrian slate formation, which is
r:ow regarded as the offshore equivalent of the quartz,ite of the
(,.'reen Mountain ranges was folded at the close of Lower Cambrian
.tnne and in places, raised above sea level, forming one or more
1slands. n the'Champlain oceanic arm. The dirizction of this
Qallll)rlall folding was generally the same as that of Ordovieian
time, known as the CGireen Mountain movement, but at this point
the axes of the Cambrian folds, for some rea’Lson had a; niore
oast(\}‘ly course, resulting in N. E. strikes. A Ver,y gradual de-
pression, beginning during the latter part of Stockbrids:e 1'1me:%t0ne
time and continuing into Hudson time, caused th(; depo%itibn
.Of some of the liniestone and of all of the schist upon these f(;rrner
.151:111(15 of Lower Cambrian rocks.  This resulted in some piaces
in an overlapping of the limestone by the Hudson schi;st and slate
and in others by the deposition of the schist and slate imlno(\lliatel
upon the Cambrian slates. * * * * Then came the Ordovi(‘iai
U I 3 /
:il;})llllllgjt - kpgf;iilgla(t)}ognithr}l long Vgeological periods must
, > presence y shred-like remnants of the great
ln‘zh‘;s of Ordovieian argillaceous sediments and for the severance
of the northern extension of the schists from the Taconic range
{11‘1(1 gm}ora}ly for the exposure of the Stockbridge Limestone
Th(" salient fact is the uneonformity hetween the Lower '(‘%m-.
brain and the Ordovieian, which is masked in the slate re i(;;l of
Washington County.” i
Professor Dale says that “The Ordovician age of the schist
and slate masses bordering the Cambrian is shown by the pr(:sence
of red roofing slates, typical of the Hudson, a mile S E: of Hyde
1\[{1}101‘ and three-fifths of a mile E. S. . of Sudbury VChl.lI"Ch anc
again, ap.parontly in badly weathered condition, one and’one-
{Ollltrt?l’l mile F. N. E. of Huff Pond on the east side (;f the Cambrian
belt.
This is interesting, for so far as Ilknow, this is the only ap-
pearauce of red slate in Vermont.  As has been shown in f(;rmer ‘
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reports, the red slate comes very near the State line in numerous
places between Poultney and Pawlet, but it is always on the New
York side tho some times within easy stones throw of Vermont.

Professor Dale’s observations in the region of the north end
of the Taconic Range are supplemented by further notes published
in the Am. Journal of Science, Vol. XXXIII, p. 97 in which he calls
attention to a small area of Ordovician limestone in Sudbury near
Hyde Manor. Excavations and drilling were carried on to ascer-
tain the real character of the rock. Some details of this work
are given and the following conclusions reached by the author:
«“The isolated mass of Ordovician limestone on the old golf course
of Hyde Manor in Sudbury, Vt., 1s surrounded and underlain by
schists of Lower Cambrian age upon which it rests unconformably
and with which it is interfolded in synclinal attitude and on a part
of its northern side in a direction at right angles with the strike.”

‘“The main mass of Ordovician limestone west of the outlier
is probably continuous with that interfolded with the Cambrian
schists at excavations 4 and 5 and was, of course, once continuous
with the outlier or the beds adjacent to it. * * * * The general
importance of the outlicr is that it Is as yet the only point in west-
ern Vermont and Eastern New York where the Ordovician can
be seen unconformably on the Lower Cambrian

CThe little outlier is a structural specimen, still in situ and
small indeed, but preserving the record of one transgression, two
crustal movements and two periods of erosion which affected
several hundred square miles of the Taconic region.”

During the past few years Professor Dale has at different times
studied the region included in the Brandon Quadrangle, but most
of the results of this work are not yet published. However, in
the Am. Journal of Science, Vol. XXX, p. 267, there is an aceount
of Cambrian Conglomerate of Ripton. This is a conglomerate
long known and is mentioned in the 1861 report. It has numerous
outerops as shown on a map which is given with the article named.
Tt is a coarse mixture of pebbles of blue quartz and others of
gneiss. ‘“The cement of the conglomerate is highly metamorphic,
generally a muscovite quartz schist with more or less magnetite.
More than half the pebbles are blue quartz, the rest are gneiss.
The age is found to be Cambrian.” The author concludes that,
““The generally rounded or discoid form and the unstriated sur-
faces of these pebbles point to their having been formed on a
beach and their magnitude points to their local origin which is
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k younger rocks, the core of the folded range shows itself in a variety
of old granitic and gneisses rocks, cut by intrusives and with ex-
tremely irregular structure.”’

Professor Pumpelly supposes that “The Cambrian transgres-
sion found an Archean elevation forming the western border 9f
an Archean dry region. To the west of this lay the great Paleozoic
ocean of America. .

I imagine also that the rocks of this dry arca had become dl§-
integrated to a greater or less depth and that the productﬂ' of ﬂ.us
action varied from kaolin and quartz at the surface to semikaolin-
ized material with fresh cores at depths. While the abrasion. of
the deeply disintegrated rock was progressing along the advgncn'lg
beach line the detritus of sand and pebbles arising from tbls dis-
integrated material was deposited with varying proportlons.of
constituents in a continuous sheet in progressive transgression
over the previously dry land. * * * * During the progress of
this removal and deposition of ready-prepared material there
would be places where the underlying unaltered rock would be
washed clean and recovered with sand and gravel.  There would
be others where the material removed from the disintegrated mass
would be derived from a zone of semikaolinized, fragmont.ary
disintegration and places where this material would be d'cposn.ed
without having been much rolled and in beds alternating w1_th
finer material. And, again, there would be places where the dis-
integration was deeper and where this material escaped removal
and was covered by sedimentary beds.”’ '

Whether in all respects one agrees with the writer or not‘, it
is certain that the above hypothesis throws light on the formation
of the Green Mountains.

C. L. Whittle.

In the American Journal of Science and Arts, Vol. XLVII,
3d. Secries p. 347, 1894, Mr. C. L. Whittle gives the results of
three scasons of field work “along the highest portions of the
Green Mountains from Chittenden on the north to Stratton on the
south and defined east and west by the Windsor and Rutland
valleys.””  These limits should be borne in mind when reading "che
following quotations. As Mr. Whittle’s study of the above region
seems to have been very careful and thorough I shall quote
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quite freely from his article.  All of what is given is not new, but
1t is so grouped as to be of value for reference. Indeed the entire
artiele is a valuable contribution to Vermont geology.

“ Lower Cambrian quartzite and limestone occeupy the Rutland
Valley. The quartzite lies at the base and is next above the series
of metamorphosed clastics lying between it and the still more
metamorphosed core of the range. Plymouth V. alley is also occu-
pied by limestone which extends north to Sherburne, but its age is
undetermined.  Field evidence points strongly to its equivalence
to one of the limestones in the metamorphosed clastics mentioned
above occurring on the west side of the range. The rocks of the
range below the Olencllus horizon (that is below Lower Cambrian)
seem to fall into two groups: 1, a border series consisting alone,
so far as I am aware, of metamorplosed sediments ; and 2, a core
serles more metamorphosed, differing lithologically and carrying
igneous rocks antedating the border serics.  When one first visits
the eastern or western border of this arca he is at once struck by
the great variety of rocks and the apparent simplicity of their
structure. Throughout the border areas the strike of the most
prominent structure is commonly N. 10°-15° E. and the dip is
generally stecp casterly. This strike, as is now well known,
corresponds to the trend of the main Appalachian folding in New
England. Further study of the rock shows its secondary nature,
traversing as it does rocks of the most varied texture and com-
position regardless of the real stratification, now usually not de-
cipherable, but in many places still present where it has escaped
the destructive dynamic action to which the rocks have not only
once, but several times been subjected. * * * * The eastern and
western borders are belts of near-shore deposits of original coarse
to fine conglomerates, sandstones and shales. * * * * Such a
belt indurated and metamorphosed has given rise to a series of
more or less erystalline rocks whicli, owing to their extreme diver-
sity of composition have resulted in schists and gneisses whose
recognizable continuance of horizon is difficult to follow. * * % *
Along the western border the schists are bent into minute com-
pressed puckerings commonly overturned to the west. These
puckerings in turn, compose much larger folds which in the same
manner are overturned to the west. * * * * Throughout the
core of the Green Mountain axis even a greater diversity of
structure and rock exists. * * * * In the towns of Shrewsbury
and Mount Holly and extending southward the folding and shear-
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Geology of the North End of the Taconic Range, T. N,
Dale, Am. Jour., Science, Vol. XVII 4th, Ser. pp. 185-190 map.

Glacial and Post Glacial History of the Hudson and Cham-

——plain Valleys, C. W. Peet, Jour., Geology, Vol. XIT, pp. 415-469,

617-660, 1904.
Taconic Physiography, T. N. Dale, Bulletin U. S. Geological
Survey, 272, p. 49, 1905.
Slate Deposits and Slate Industry of the United States, T.
N. Dale, Bulletin 275 U. 8. G. 8., pp. 89-110, 1906.
Fifth Report of the Vermont State Geologist, G. H. Perkins,
1906.
The prineipal papers in this Report are as follows:

Building and Ornamental Stones of Vermont, G. H. Perkins,
pp. 4-34, Plates 1-12.

Asbestos, G. H. Perkins, p. 61, Plates 13-16.
This is mainly a reprint of V. F. Marsters paper on Asbestos
in Vermont, Bulletin G. 8. A. Vol. XVI, pp. 417-444,

Areal and Economic Geology of Northwestern V ermont, C.
H. Richardson, pp. 63-132, Plates 17-33.

Geology of St. Albans and Vieinity, G. E. Edson, pp. 133-155.

The Cryptozoa of the Early Champlain Sea, H. M. Seely,
p. 173, Plates 34-38.

Beekmantown and Chazy Formations in the Champlain
Valley, H. M. Seely, pp. 174-187, Plates 30-45.

The Lignite of Brandon, Second Paper, G. H. Perkins, pp.
188-194, Plates 46-48.

The Lignites of Brandon, E. C. Jeffrey and M. W, Chrysler,
pp. 95-201, Plates 49-51.

Description of Fossils, G. H. Perkins, p. 230, Plates 52-57.

Surfacial Geology of the Region about Burlington, C. H.
Hitcheock, pp. 232-253.

The Drinking Waters of Vermont, G. H, Perkins, pp. 254-344.
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Sixth Report of the Vermont State Geologist, G. H.Perkins,
1908. Lo
The principal papers in this Report are: _
Report on the Mineral Resources of the State, G. H. Perkins,
. 1-57, Plates 1-9. : :
e The Granites of Vermont (Abstract of the Bulletin) T. N.
Dale, pp. 58-75. .
FEssil Cetacea of the Pleistocene of the United States and
Canada, G. H. Perkins, pp. 76-113, Plates !0-20. .
Some late Wisconsin and Post Wisconsin Shore Lines of North-
western Vermont, H. E. Merwin, pp. 113-138, Iflates 21-22, '
Also published in Bulletin Mus. Comparative Zool. Cambridge
Vol. VII, No. 7. _
Geology of the Hanover, N. H. Quadrangle, C. H. Hitchcock,
. 139-186, Plates 23-37. s ‘
£ Preliminary Report on the Geology of Franklin County, G.
H. Perkins, pp. 189-211. ]
Geology of the Town of Swanton, G. E. Ed_son, Pp- 2}0-226-
Preliminary Report on the Geology of thttenden County,
(. H. Perkins, pp: 221-264, Plates 39-53. _
The Geology of Newport, Troy and Coventry, C. H. Richard-
son, pp- 265-291, Plates 59. ¢ 4l
ghe Granites of Vermont, T. N. Dale, Bulletin U. 404 U. 5.
S., pp. 138, 1909. | ] .
pThe Cambrian Conglomerate of Ripton Vermont, T. N. Dale,
Am. Jour. Science, Vol. XXX, 4th Series, pp. 267-270.
Seventh Report, Vermont State Geologist, 1910.
cipal papers are: . .
4 History and Condition of the State Cabinet, G. H. Perkins,
pp. 1-75, Plates. ,
The Granites of Vermont, T. N. Dale, pp- 77—.197. :
The Surfacial Geology of the Champlain Basin, C. H. Hitch-
cock, pp. 199-212, . )
Trilobites of the Chazy of the Champlain Valley, P. E. Ray-
5 - IX.
mond, pp. 213-248, Plates XXXII-XXX .
Geology of the Burlington Quadrangle, G. H. Perkins, pp.
249-256, Plates X1L-XVLIL
Report on the Geology of Addison County, H. M. Seely, pp.
9257-314, Plates XLVIII-LXII. e
Asbestos in Vermont, C. H. Richardson, pp. 315-330, Plates
LXIII-LXVI.

The prin-
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Because so much of the rock is ealcareous, deep channels
have been excavated by the streams. The depth of the valley
at Chelsea Village upon the East bank of White River is 965 feet;
at Tunbridge village the same. Following down the stream into
White River, the depth gradually increases, being 1,100 feet deep
below the village of Sharon. Upon the west branch of the Om-
pompanoosuc in the north corner of Strafford the depth of the
valley is 580 feet; at the central village 600; at Union Village
upon the lower Ompompanoosuc the depth is 722 feet. Upon these
two streams the depth of the channel inecreases in the descent.
The depth is more uniform upon the Ompompanoosue through
Vershire. There are corresponding depressions upon all the
tributaries of these streams, so that both the water courses and
the excavated valleys have the same arborescent spread. No
other rock in this section of counfry originates such a deeply
dissected topography. Though the hills are steep the soil is
good, and excellent farms are to be found over the entire area of
the quadrangle.

THE GEOLOGY.

The character and arrangement of the rocks in the Vermont
part of the Strafford and Hanover Quadrangles is the same.
Because of the better understanding of the extension of the
Bernardston Devonian formations into New Hampshire and
Vermont, to be particularized later, it will be best to drop the
term Coos as a member of the old Caleciferous Mica schist group
and to substitute therefore the name Goshen, because it has priority
over the later suggestion of Dr. Richardson of the use of Vershire
schist. The Calciferous Miea schist group as explained upon
page 154 of the Sixth Report was divided by Professor Emerson
into the Goshen and Conway members. The term Coos should
now be restricted to the rocks stretching northerly from Massa-
chusetts in the Connecticut valley of later age. The former
interpretation was based upon petrographical similarities. Now
it is conceded that the same kind of schist may be present in both
the Goshen and the restricted Coos periods.

As thus defined the rocks in the Strafford Quadrangle may
be arranged as follows:

The Hydro-mica, Chloritic and Sericitic Schist groups.

Leyden phyllite slates and argillites.
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Goshen mica schists.

Conway mica schists with limestone beds.

Amphibolites, granites and basic dykes.

The Goshen and Conway members predominate; the chlotitic
and slate groups are confined to the southeast corner. The
igneous rocks are also insignificant in amount, while the cupvi-
ferous veins of Copperfield and Copperas Hill have been import-
ant for the supplies of copper and copperas furnished by them.

Plates XLI and XLIII are outline Geological maps of the
Strafford and Hanover Quadrangles. The substance of the first
appeared in the Sixth Report but owing to certain changes in
the nomenclature, and somewhat in the distribution of the rocks
it is best to reproduce it in the revised form. Detailed descriptions
will not be presented except so far as they are embodied upon the
accompanying plates, XLII, XLIV, XLV, which are sections across
the quadrangles drawn along the lines given upon the maps. In ad-
dition to this areal distribution, a prominent line indicates the course
of the anticlinal axis, which is one of the most important features
of our study. It is believed that the lettering and markings will
sufficiently indicate the distribution without further remark.
‘_ In order to be in agreement with the petrographers I have
introduced the name of phyllite to take the place of the argillite
of the previous report. For our purposes the term slate by itself
would be adequate.

Commencing with the Strafford quadrangle it will be seen
that it is traversed by five sections from east to west, numbered
by the first letters of the alphabet. The horizontal scale is the
same with that of the quadrangle, about one mile to the inch.
The vertical is twice as great. Parallel lines are used to denote
the green schists and the Goshen group. The same very close to-
gether represent the slates. The Conway has dots between
the parallel lines. The amphibolites have the same dashes at
various angles, not parallel. The granite is marked by variously
placed angular lines. Where nothing is presented it is usually a
want of information, rather than a covering of earth. Sections
B, C, and E correspond to numbers VII, VIIT and IX of the
Dartmouth College collection.

Section A starts from Blood Mountain and crosses Meeting
House Hill, Stone Hill and Quimby Hill, passing through West
Norwich. The relations of the hornblendite of Blood Mountain
to the Coos mica schist have been set forth in the description of the

— Y ] - = -'-!

— ———

Prare XLII.

Conway

Eagle Ledge

Conway Goshen

Conway

Slate

Chelsea

Merrill Hill
Conway

Merrill Hill thru Chelsea to south part of Corinth

W. Fairlee

Gioshen

Copperfeld

Conway

Gilman Hill

Slate Conway

Conway

White River

N. Tunbridge

North Tunbridge along 43° 55" to Copperfield and West Fairlee

Fault Miller Pond Goshen

phibolite

Am (!_‘

Strafford
Conway

Kibling Hill

White River

opper

Post Mills

Tug Mt.

Slaty

Tunbridge

Conway

g C

2O Sy

cES

Mouth of Farnham Brook thru Center Strafford to Post Mills

Hubbard Hill

Gove Hill

Copperas Hill

Morrill Mt, Goshen

Fault

Slate

Rice's Mill

Conway

W\

3

T i 4

i

o K v,
e et
afud s i
JoL A0
af 1 KoL

B ?..'

VA

From Royalton thru Sharon and Copperas Hill to Ompompanoosue River

Fault
Coos

Green Schist

M. H. Hill
Slate

B peen
z
=]
(6]

T

Stone Hill
(Goshen

Fault

W. Norwich
South part of Sharon over Quimby Mt. Stone and Meetinghouse Hills

Conway
aoe

0D
b
o [

Fault
\

Quimby Mt
Goshen

White River

"

Cunv.lsv

Sections Across the Strafford Quadrangle.



REPORT OF THE VERMONT STATE GEOLOGIST. 103

contact phenomena near the Norwich poor farm, in the Sixth
Report, page 161. The band of miea schist is the south prolonga-
tion of a larger area in Thetford and belongs to the series developed
on the New Hampshire side of the Connecticut, and must be
separated by a fault from the green schists to the west, because
of the different angles of the dips, twenty degrees or more. Fig.
4 of the Sixth Report, page 146, sets forth the relations of the
rocks named. The narrow band of slate has not been recognized
upon section A,

The Meetinghouse Hill glate is uniformly divided by nearly
vertical cleavage planes. The synclinal along the east border
of the Conway schists as developed northerly from Hartford
is recognized along this line. 1t is more closely appressed in going
northerly. Two or three additional sections in Norwich, between
A and B show the same feature.

The topography of Norwich and Sharon suggest our geo-
logical interpretation of the Goshen and Conway groups. Stone
Hill properly underlies the calcareous group. There is here an
elevated mass of it connecting north with Gile Mountain in
Norwich and Morrill Mountain with the Copperas Hill region in
Strafford and extending westerly to connect with Quimby Hill
and Baxter Mountains in Sharon. The mountains specified may
owe their existence to the greater ability of the quartzose layers
to resist disintegration. Buf there is evidence of a fault upon the
west side of the Stone and Gile ranges since the Conway lime-
stones have the anticlinal attitude in the lower ground about West
Norwich and farther north. And this fault should extend around
the curve between Stone and Quimby Mountains—the steep
north side of Quimby Mountain marks the line of this fault.
West of White River the distinctions between the Goshen and
Conway schists are not so clearly defined as there is a scareity
of limestone; so that the boundary between them is no more
satisfactory than the reference of the great mass of the schists
in Norwich to the Conway group. It may be noted that the
mineral kyanite is abundant in Norwich both in the broad area
west of Meeting House Hill and the southerly projection of the
Coos schists from Thetford.

Three more restricted sections, Plate XLVII, A. B. C. illustrate
features clearly alluded to in the broad Conway area adjacent
to Section A. The distances are from the town map.  The first
follows the regular road to Sharon from a sawmill less than a
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mile
The planes. The beautiful curves in the strata Plates XLVIII and XLIX
of al come from this area—and in the ledges adjacent there is such
secti an alteration of material as to make certain that the strata cor-

respond generally with the cleavage plans. The copper veins of
Stral Copperas Hill and the Elizabeth mine lie within this area.
' The anticlinal in the Conway schists passes from near

signs

scan! South Strafford southerly. Morrill Mountain has been pushed
base | through the east flank about a mile from the arch. The Con-
easte way rocks continue to the west line of the quadrangle, occupying

And mostly the area of Sharon.
Section C corresponds to VIII of the Dartmouth series,

silici ;

from Post Mills to Tunbridge. Easterly dips prevail in the Coos
the | rocks—at first fifty and sixty degrees. Tug mountain is a large
and mass of schists, dipping forty-five degrees easterly on the town
of tl line of Thetford and Strafford. They contain fibrolite, the only
sout] locality where I have seen this mineral in either quadrangle,
editi 'S though it is common in the New Hampshire mica schists. The
nort) dip is considerably less near Miller Pond. The Conway schists
than succeed at the top of MeMaster's Hill and the dips are discordant,
betw though all are inclined easterly. Masses of hornblende and a
team cuperous vein appear upon the western slope before reaching

, “‘old city”. There is more of the hornblende in the valley of

mout the stream coming from the north corner of the town. The lime-
Thet stone becomes massive, with a lower dip, twenty-five degrees, in
Mou the central village of Strafford.
Roy: Going west up the hills towards the west line of the town
Thet the calcareous rocks predominate in large blocks pitching in
rock different directions and the anticlinal is reached at Kibling’s
by tt Hill near the town line. The westerly dips prevail to the village
slate of Tunbridge, in calcareous schists except a slaty mass in Dis-
true trict No. 3. The dips are smaller and the rock more massive
is a in the Valley of White River.
of H Section D passes through the Ely copper mine, over Gilman
seem Hill and terminates at North Tunbridge. Special mention will be
At R made presently of the cupreous rocks at Copperfield and Copperas
cal w . Hill. '
hill v Section E corresponds to a part of the Dartmouth section

No. IX. Nowhere is the antielinal in the caleareous member so
siliei well developed as along this line. It has greater breadth anditis
It is adjacent to Mount Colton, the highest eminence in the quadrangle.

Along Jail Brook are many interesting small granite veins, properly
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pegmatites and strata containing pargasite. More twists and
dislocations than usual appear upon Merrill Hill west of the court
house. At the extreme west end of the section the limestone
prevails to the exclusion of schists. The limestone is massive
through most of Vershire with low dips, and is separated from
the great range of the lower group by a fault. The greater
altitude of the miea schists is well shown at Eagle ledge and for
two or three miles eastward. While certain divisional planes
dip easterly, there are others seen rarely dipping northwesterly.
These are real strata and the formation is sinking, so that it disap-
pears before reaching the south branch of Waits River in Corinth.
The limestone wraps around this projection and narrows to a
point in the southern part of the town of West Fairlee.

As an illustration of the want of identity between the petro-
graphical and stratigraphical characters of our rocks, may be
cited the presence of a considerable band of mica schist in the
Conway group. It erosses Jail Brook upon Section E, and may
be followed to the mouth of Beaver Meadow Brook and then to
the east part of Tunbridge upon Section D, and possibly to the
south of East Hill in the same town. To call it Goshen will involve
stratigraphical difficulties. It seems to be rather a member of
the Conway series, and as such comparable to two correspond-
ing developments in Hartland, as represented upon Plate XXV
of the Sixth Report. As there represented, the structure would
be that of the presence of segments of the Goshen member foreed
upward by faults through the higher series. A corresponding
subordinate member is conceived to be developed in the west
part of the village of Woodstock, which would be allied to the
strip already described as extending through Chelsea and Tun-
bridge. We still lack a definite enumeration of the several members

of the Goshen and Conway groups as well as estimates of their
thickness.

ILLUSTRATIONS OF CLEAVAGE PLANES CROSSING CONTORTED STRATA.

Plates XLVIII and XLIX are taken to show the ledges near
W. F. Davis’ house in District No. 1, Thetford, mentioned upon
page 150 of the Sixth Report. Doctor Richardson figured the
first named ledge on page 83 of the Third Report. This figure was
not properly oriented, it should have been tipped to the left ninety
degrees. In the photograph the cleavage planes are prominent,

Coos

Conway

Amphibolite

Coos

Conn. River

Prate XLIV.

.

Conway

West line of Hartland along 45°-35 to Morgan Hill in Plainfield.

CGrreen Schist

Conway

Amphibolite

I imestone

Conway

Conway

West part of Hartland, thru the Four Corners, over Prospeet Hill to Meriden.

Conway

Thru West Windsor and Cornish to Cornigh Flat,

Sections A B C acrossthe Hanover Quadrangle,
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standing nearly vertical or eighty-five degrees N, thirty degrees
E. Two curved white lines are quartz veins dipping fifty-two
degrees N., thirty degrees W., which represent the stratification.
Plate VII is a precipice not many feet away where the white
quartz nodules and lines represent the strata, dipping forty degrees.
These are mentioned in the Sixth Report, page 175. At the
bridge by W. P. Ladd’s the dip of the cleavage is fifty degrees S. E.
The strata dip, twenty degrees northerly.

Plate L shows curved crystalline strata in a loose block
of stone by the roadside in the west part of Thetford. It earries
biotite and many small garnets and belongs to the Goshen group. An-
other example is to be found about a mile north of Thetford Hill
near some igneous ejections. The slates dip fifty degrees N.,
sixty degrees E., all over the field. At one point a mass of curved
strata rests directly upon the edges of the cleavage dip. The
material does not seem to be essentially different from that which
shows the cleavage, so that the conclusion is forced upon one that
the curved lines represent the true position of the strata. Other
examples like those figured in Plates XLVIII and XLIX may be
seen along the road following the Ompompanoosue to the west
of the Davis locality. All these cases cited belong to a formation
assigned with difficulty to our elassification; whether a slate,
phyllite, or argillite, corresponding to the range that has been
followed northerly from Plainfield, N. H., through the two quad-
rangles—or to the Goshen schists that merge into them. Both
are fine grained rocks, whether nearly pure argillaceous or sili-
cious: and I am not satisfied with the division line between them.
Both are masses of erumpled strata so compressed that the original
structure has been generally obliterated. The curved quartz
veins are evidently strata from which everything soluble has
been leached out, leaving the silica, or infiltrations occupying
spaces left by the removal of material.

Upon the geological map Plate XLVI, no attempt is made to
distinguish between the fine grained rocks in the west part of
Thetford and the north edge of Norwich. It is certain that
limestone bands characteristic of the Conway. group occur along
Bloody and Avery brooks and with fine grained schists that would
otherwise be classed as Goshen; and they commence at Rice’s
Mills to econnect with the better defined area along Abbott Brook
and Central Strafford. The reference to the Conway group is
fortified by the folding of these rocks around the north end of
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tured. Even in a country noted for its disturbed eondition these
ledges stand out conspicuous. The strata have a strike of N.
50° E., and then change abruptly to be about east and
west; and there is a difference of 60° in the position of the
cleavage planes. The broken masses adhere together as firmly
as if the new were the original condition. The rock is regarded
as the same with that lying west of the slates.

In the valley a little south of the village of the Flats, the
Conway schists with their associated limestones predominate,
standing nearly vertically in an anticlinal attitude. Fernald Hill
is a mass of the same strata, vertical in the higher parts. The
exposures west of the hill are inclined westerly, and correspond
to the greenish schists mentioned as following the slates, and be-
lieved to be the same strata wrapped around the hill and of later
age.

Upon the highland, west, near the town boundaries of Cor-
nish and Plainfield, the predominating rock is the green chloritie
schist, containing a bed of white limestone, with overlying con-
glomerate holding distorted pebbles dipping 40° to 60° N., 60°
W. The limestone was once quarried for the manufacture of
quicklime, and appears to have been the material analyzed by
Dr. C. T. Jackson. Johnson’s quarry — silicious matter 59.6,
peroxide of iron 3.4, alumina 4, carbonate of lime 22.6, carbonate
of magnesia 13.8, total 99.8 containing 12.72 per cent of lime.
The conglomerate at one place has been thrown quite a distance to
the east.

Upon the west slope of the hill, Conway rocks appear, the
first with a northerly dip of only ten degrees; much lower down
the dip is 70° East, and by the Connecticut River at
the mouth of the Blowmedown Brook is a small anticlinal, agreeing
with the attitudes of these calcareous schists farther north, a
ledge being in each township, Plainfield and Cornish. Our con-
clusion is that the Conway schists are broken into large blocks
on the east side of the Connecticut.

- On the Windsor side are many ledges adjacent to the rail-
road with very high easterly dips. On Hubbard Brook is located a
quarry of a slaty rock like that seen by the road south from
Windsor, with nearly vertical strata. It was called phyllite by
R. A. Daly, containing about ninety per cent of silica. Farther
west near the School House District No 6, the rock is a mica
schist with a low dip. In west Windsor the caleareous rocks
reappear in anticlinal attitude.
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Section B runs from the west part of Hartland through the
Four Corners and over Prospeet Hill to Meriden, N. H. At
Meriden there is a close pressed anticlinal which may represent
the north end of the area of the Conway sechists, extending from
Fernald Hill and perhaps including French’s ledge. The upper
Cobs rocks with two bands of amphibolite ocecupy the section
across to Prospeet Hill with westerly dips. The limestone belt
traced from Johnson’s quarry in Cornish has its maximum develop-
ment upon Prospect Hill with easterly dipping cleavage planes
succeeded westerly by the Howe Hill mass of slates, a part of which
display zigzag courses of beds of limestone, elsewhere referred to
the Conway group. The slates are better defined near the river.
In Hartland the limestones are prevalent, the ledges being very
numerous with the normal dip. There is a fine anticlinal in the
southwest part of the town including a thick mass of schist sup-
posed to be a part of the Conway group and not the Goshen to
which they are closely allied.

Section C runs from the west line of Hartland along the line
of 43° thirty-five minutes to Morgan Hill in Plainfield, N. H.
Nowhere are the chloritic parts of the Cods group developed
more abundantly than here, and a good theory for their origin
is their derivation from hornblende schists. The green schists
are nearly vertical, rather of an anticlinal attitude. At the
woolen mill in North Hartland the igneous diorites, diabases
and camptomites seem to have taken possession of the forma-
tion. In the slates the true strata are apparent, dipping 36°
to 50° 8. and 37° W, faint lines crossing the vertical schists
dip 50° E., 10° 8., along the slate range cleavage planes. The
Conway a half mile farther south, and similar positions are
recorded frequently across to Alder Meadow Brook farther west.
Upon the last meridional road upon this latitude the strata are
horizontal, preparatory to a dip down the west flank of the
anticlinal, reached not far from the west town line.

Section D runs from near Taftsville through Quechee
gulf and near White River Junction to the edge of the village
of Lebanon, N. H,

The south end of the great granite batholith reaches to the
west part of Lebanon, and the schists adjacent show the effect of
the heat, in induration and silicification, besides the absorption
of inclusions into the igneous magma. The phenomena of con-
tact phenomena are conspicuous in cuts along the railroad. To
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the south the fragmental character of the strata are apparent.
Next to these visible effects of heat is a broad band of the Coos
schists with bands of amphibolite, both massive and foliated.
Towards West Lebanon are mica schists with very large spangles
of biotite. In the green schists just across the river are two
conical hills of hornstone conparable to the bases of ancient
voleanic eruptions. Near them to the south are exposures of
limestone and conglomerate, suggestive of the related rocks in
Plainfield and Cornish. The allied green schists occupy the
lower ground for more than a mile, when ordinary slates succeed
having a greater altitude and constituting Neal’s Hill. There
is reason to believe that the slates have been pushed up adjacent to
the green schists—the divisional line between them being a fault—
showing itself from North Hartland through Hartford into
Norwich. The slates have been broken and badly twisted next
to this supposed faulted plane. The effect of this elevation may
perhaps be seen between this slate and the Conway group, with
its normal dip of 67° easterly across the flat land adjacent to
the gulf. Dikes of olivine diabase and camptonite cut its schists
in the walls of the gulf and the locality is an excellent one in
which to study the phenomena of dike intrusion, of igneous
alterations, as from olivine to chlorite and the production of
zeolites; of the erosion of a gorge and the manufacture of pot-
holes. Toward Quechee is a hill of the underlying Goshen
schist continuous to the end of the quadrangle. A fine antic-
linal is exposed near Taftsville, supposed to underlie the rock
that has been traced from section to section upon both the sheets.

Section E runs along the line of 43° forty minutes from
near Seaver Hill to Colburn Hill in Lebanon, N. H. Colburn
Hill is composed of protogene granite with inclusions of the
mica schists. Divisional planes corresponding to the strata dip
to the west down towards the river. Precisely along the sec-
tion line may be seen a faulted segment of the mica schist with an
igneous dike dipping towards the east. Amphibolite succeeds with
some schists having the normal westerly dip to the river nearly op-
posite Wilder. At the Lower Falls near the mouth of the old
canal the dips of the hornblende schists are less than 50°
westerly. The green schists are mixed with the igneous diorities
and diabases and were thought to represent three or four folds
when all these rocks were classed as stratified. They do not
rise 80 high as the slates at a very favorable location just north
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THE GREAT ANTICLINAL.

The sections across the two quadrangles show conspicuously
a great anticlinal axis. It appears upon every one of them,
mainly in the Conway division of the rocks, and upon elevated
land, except in Hartford, where the axis seems to be developed
in the underlying mica schists. From Chelsea the anticlinal
line runs a little west of south to Kiblings Hill in Strafford and then
turns southeast to South Strafford. From here it runs due south
to West Norwich, where it terminates, only to appear after a
shift of three miles in the southwest part of Sharon. The mass
of Quimby mountain separates these two termini. The western
line courses due south to near Taftsville and there is directed a
little west of south into West Windsor. The line may be traced
in the adjoining territory south to Hammondsville in Reading,
where it comes in contact with the Reading-Halifax range of
gneiss or granite and terminates. From the Chelsea hills it
may be traced northerly through Washington and Orange where
it terminates as before in contact with the larger mass of granite
in Groton and Marshfield. This northern granitic mass divides
the schists into two parts with opposite dips which close together
again at West Danville. The domed strueture may be traced
to Sutton. Ifarther north it is not certain that this peculiar feature
can be recognized as distinguished from the normal structure. In
the Canadian extension of the formation the dip is uniformly
westerly; while on the Brownington and Derby lines several axes
are recognizable, and the Goshen schists have not been identified.
Possibly an analogous division may be indicated on Section XV,
if the Conway rocks of Clarksville, N, H., may be esteemed as
the eastern flank of the anticlinal.

At Hammondsville the disposition of these rocks bifurcates;
part lies to the west of the granite in Cavendish, coming to a
point south of Proctorsville, while the major portion extends
into Massachusetts on the east side. Just south of the granite
area in Halifax a strong anticlinal is represented, having the same
position with thav north of Hammondsville, so that the western
flank of this fold should correspond with that deseribed north of
Proctorsville.

The granite masses produecing the bifureation of the schists
in Reading and Orange are fifty miles apart; and the suggestion
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arises naturally that the folding of the schists has been produced
by the development of igneous matter beneath, pushing upwards.
This plication is made manifest chiefly in the upper group, though
the Goshen schists are believed to be recognizable at Hammonds-
ville, and in the analogous anticlinals farther east at Shelburne
Falls, Mass., and Brattleboro.

As in Canada, the more normal attitude of the formation
may be recognized in Massachusetts. Then there is the natural
anticlinal with moderate dips of the Hawley, Goshen and Conway
schist in the towns of Chesterfield and Goshen.,

SECTION LINES ACROSS THE STATE.

The plan proposed by President Hitcheock for the original
survey of the State in 1857 provided for the measurement of east
and west sections across its entire breadth. Thirteen of these were
delineated in the report of 1861, and specimens to illustrate them
were placed in the museum. The same method was adopted
by me in the Survey of New Hampshire, and has been continued
in later years for the benefit of the museum of Dartmouth Col-
lege, where eighteen of these sections are displayed, amply illus-
trated by diagrams and specimens, extending across the States
between Maine and New York, and including the adjacent ter-
ritories of Canada and Massachusetts. For the convenience of
students of Vermont geology I will present a list of these in order
from south to north and their numbering. No description of
them has been published since they numbered thirteen.

Section

Number Locarion

M  Near the north line of Massachusetts.
I South Vernon to Pownal.

IT Brattleboro to Bennington.

III  Westminster to Arlington.

IV Springfield to Rupert.
V' Windsor to Poultney.

Va Hartford to Fair Haven,

VI Norwich to Benson.

VII Thetford to Orwell.
VIII Fairlee to Shoreham,
IX  Bradford to north part of Shoreham,

s

v

:
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X Newbury to Panton.
XI Barnet to Charlotte.
XII Lunenburg to Burlington.
XIII Guildhall to South Hero.
X1V Bloomfield to Isle La Motte.
XV Canaan to Alburg.
XVI Near the south line of Canada adjacent toVermont.

Nearly 7,000 specimens illustrate the sections as gathered from
the two States and the contiguous territory. Each one is placed
in front of the colored profile where its exact location is indicated
by numbers, and the eye views both the character of the r?ck
and the interpretation of its geological age with scarcely any shift-
ing of the lids. Adjacent to the sectional display is a relief map
of the two States upon horizontal scale of one mile to the inch,
colored geologically. The quadrangles of the United ﬁtates
Geological Survey have been used for the basis of the ‘rehef S0
far as they have been completed. Not half of the territory has
yet been mapped by the survey. All that has been done so far
has been at the expense of the general government. The co-
operation of the Legislatures of Vermont and New Hampshire
is earnestly desired to make the series complete.

THE COPPER DEPOSITS.

The copper deposits at Copperas Hill and Ely or Copperfield
in Vershire have been worked extensively, and were well knowa:h t(?
the public before the now famous mines west of the Mississxppl
were discovered. Their economic aspects have been set forth in
this series of reports from time to time so satisfactorily that no
further mention of them is necessary. As the mines are situated
upon the quadrangle described in this report, some menti.on
should be made of their geological features, in which the locality
at Corinth might be included.

The deposits oceur in our Goshen formation—a rock to be
compared with a micaceous quartzite—originally sandstm}e and
shale, but now metamorphosed sericitic schist. The areain Ver-
shire is broadly speaking an anticlinal, the flanks dipping east and
west while the mass pitches northerly and is completely covered
in the south part of Corinth by the Conway or calcareous membe?.
Most of the mineralized part is silica, mixed with flakes of seri-
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It must be that still farther south in Massachusetts the same
Memphremagog slates are recognizable in certain black slates and
schists in Heath and Charlemont. A reason why I had regarded
the slates bordering the Conway schists in the middle part of the
State of Vermont as older was because they flanked the latter on
both sides and were adjacent to the two adjacent hydro-micas.
There seemed to be the natural succession of hydro-mica, slate,
and Conway. With our present knowledge there still are present-
ed to us two ranges of slate above Springfield upon the opposite
sides of the green schists and still more markedly farther north.
Commencing in Plainfield, N. H. a broad slate band crosses
over into Hartland, and extends north through Hartford,
Norwich, Thetford and Fairlee, repeated in the north part of
Bradford. This slate lies west of the hydro-miea, while the Leyden
band may be traced without a break from Massachusetts northerly
past Bellows Falls into Claremont and so on to Orford. This lies
east of the Conway group and has no direct connection with the
other range. The two are probably of the same age and may be
represented by the two slate bandsin Springfield upon the opposite
flanks of a narrow hydro-mica anticlinal. It seemsin better accord
with the general arrangement of the formations to regard the
Memphremagog and Leyden slates as having been deposited in
separate basins, though very possibly of the same age.*

SURFACE GEOLOGY,

The phenomena associated with glacial action are the same
in kind on both the Hanover and Strafford quadrangles; so that
the prineiples enunciated in the Sixth Report do not need restate-
ment. Because of the abundant dispersion of limestone, resis-
tant ledges are fewer upon the Strafford gquadrangle, and therefore
glacial striae are less common. For the same reason the trans-
ported blocks of limestone have disappeared,the fields are smoother
and stone walls fewer.  Boulders of granite are conspicuous when
present. Because of the limited area covered by this rock, the
blocks of granite transported short distances are scant; and those
from the larger batholiths farther north have been carried farther

*See Vol. 7, p. 510 Bulletin Geological Society of America.

|
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east. These conditions have enlarged the number of arable
acres in the distriet.

It is supposed that the whole area was swept by the south-
easterly ice movement during the height of the glacial period.
The following observed courses belong to this category:

Gilman Hill, Vershire, S. 10° E.

Near Brocklebank Hill, Tunbridge, 8. 3° E.

South edge of Corinth, 750 ft. above Bradford, 8. 15° E.

At Prescott’s west edge of School Distriet No. 8, Corinth,
8.5°E.

Gile Mountain, Norwich, S. 30° E.

At F. Martin’s, Norwich, S. 10° E.

Gile Mountain, Norwich, 1,917 feet, is the highest eminence
between the Connecticut and White Rivers and was therefore
the point the most exposed to denudation. Only the highest
part of the mountain shows the southeast markings. The weather-
ing causes the ledges to decay more and more every year, so that
the striation as seena dozen years ago may now not be discernible
in many cases. '

The smoothing in the background of the photograph, Plate
LI, and upon the summit of the ledge, was produced by the
later movement, and is to be found upon all sides of the summit.
The southeast planation isto be found only upon the lee side of the
later glaciation and that upon jointed surfaces. Out of many ex-
posures the present one was selected because there are two grooves
upon it made at the time of glaciation, although obscured by subse-
quent disintegration. Patches of white quartz are the best index
to the striation, because they do not deeay and these are common.
Farther south and a few feet lower down, the embossment produced
by the earlier movement extends for about 200 feet, upon a descend-
ing slope; the stria here run$.30° E. The summit of the moun-
tain is sparsely wooded, having once been entirely cleared. This
locality was mentioned upon page 175 of the Sixth Report. Nearly
all the glaciation to the east in Norwich belongs to the later
period. The southeast course is plain upon Griggs’ mountain in
Norwich, upon Wright’s mountain in Bradford, Potato Hill in
Thetford, Sprague and Hurricane Hills in Hartford, hills in the
south west part of Hartland, Mt. Ascutney, and the eastern rim
of the Connecticut basin from Moosilauke to Grantham mountain.
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tion. The reference of these schists-to the Rowe and Savoy for-
mations in the old Hampshire report is certainly erroneous. The
various fossils found at Bernardston indicate a horizon near the
base of the Chemung of New York. They are sufficiently numer-
ous to make the identification satisfactory. '

There is an oval area of granite parily in Vernon and partly

in Hinsdale, which I have correlated with the Bethlehem Gneiss
of New Hampshire. There is a series of these areas along the
east part of the Connecticut basin extending through the whole
State north and south of which the best characterized was the one
in the town of Bethlehem, and another in Hanover and Lebanon,
the last referred to in the present report, Plate XLV, Sections D, E
and F. Farther discoveries since the first publication about these
rocks prove them to be truly igneous, and hence to be called
granite rather than gneiss. All of them cut areas of the Coos
rocks. It was a surprise to find the first area, so far as it appeared
in Vernon, to be mapped as the Bernardston quartzite in the
Old Hampshire monograph.

Quite near the granite is another igneous mass called Por-
phyritic gneiss in my report. Following the usage of the time
this report was written, this was correlated with the Augen gneiss
of European geologists who generally accepted that rock as of
Archean age. Without claiming that all the rock thus labelled
in my report is of uniform age and character or that any of it
is ancient, it is sufficient for my present purpose to say that the
area in Hinsdale and Winchester has the marks of igneous origin
upon it, equally plain with those of the Bethlehem granite, and
that this particular area must consequently be an igneous rock
of later age than the Devonian. These granites have rendered
obscure the northward extension of the quarfzite on Perchog
River. It may be correlated with the corresponding rock in the
east part of Hinsdale on Kilburn Brook and Bear Hill. But
there are conglomerates and quartzites on the same line, ex-
tending northerly into the porphyritic area in Winchester; and
there are related rocks in Keene and Surry. It will require further
study to make certain to which line of outerop the Perchog quart-
zite belongs.

It will not be needful to discuss the character of each rock
in detail proceeding north from Massachusetts, to set forth what
may properly be Devonian. Instead I will seleet a limited area
between Bellows Falls and Claremont, including Springfield, Vt.,
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and Charlestown, N. H., where these rocks have a fine develop-
ment, and compare their peculiarities with those of the original
field in Bernardston, together with their relations to adjoining
formations. Fortunately I have extensive motes upon those
in Springfield and Charlestown from the studies of the late Mr.
G. D. Hull, a native of Charlestown, of the class of 1892, Dart-
mouth College, and my assistant for one year in college work. At
my suggestion he undertook these studies and he left his notes upon
them at the Public Library of his native town in manuseript
where they will always be accessible to the public.

This restricted area will be of special value in our comparative
study because of the general absence from it of the amphibolites.
The little that is present is easily referred to an igneous origin.
It is to be regretted that the limestone has not yet been identified
in this area. Mr. J. H. Huntington thought some of the slates
as at the Devil’s Gully in Charlestown and at Paper Mill Village—
Alstead—belonged to the Calciferous mica schist (Conway).
The specimens left by him do not seem to be definitive. Possibly
good limestone may be found later in these and other localities.
I have myself been ready to pronounce some of the schists now
clearly seen to be altered slates as belonging to the Conway group,
and so can understand the erraneous reference of these slates to
the limestone. Better still, as caleareous rocks are occasionally
found in the Leyden slate, these examples may be regarded as
belonging to that series and need no longer be referred to the
Conway or Goshen.

MAP OF THE SPRINGFIELD-CHARLESTOWN SECTION.

As nearly as can be stated at the present time the following
are the rocks here represented: Conway, Leyden, certainly three if
not four quartzites, staurolite mica schist, amphibolite and granite.
Plate LII shows their areal distribution.

The Conway is an easterly extension of the normal area
occupied by it in Vermont—constituting a projection running
northeasterly from Springfield and Claremont to Cornish Flats and
probably to Meriden. Most of the rocks in the spur cannot be
distinguished from those in the typical area and a similar anti-
clinal goes with it, seen best in Claremont.

The slates are believed to be equivalent of those called
Leyden at Bernardston. Upon the map of 1861 it was traced
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clearly.into Weathersfield and repeated in Hartland after a sup-
posed bend in New Hampshire. In my later studies I thought its
continuity had been interrupted in Rockingham, replaced chiefly
by the green schists, then called Huronian. As at present advised
it seems better to say that it is continuous and the band has been
scarcely affected by a mass of granite just penetrating the State
from New Hampshire at Bellows Falls. The Devonian stauroli-
ferous mica schists and quartzites lie between the Leyden slate
and the granite to South Charlestown. Another portion may be
represented by the hard green more or less chloritic schists, recog-
nized from the northeast part of Westminster to the Cheshire
bridge in Springfield. TFor the present these indurated schists
may be esteemed as an older section of the slates, and perhaps
are the legitimate extension of the green schists from the west part
of Claremont, at Barber’'s Hill. The slates remaining appear
in the east parts of Rockingham and Springfield south of the
bridge, in the west part of Charlestown, and interruptedly into
Claremont. Also in Springfield to the west of and supposedly
beneath the quartzites into Claremont. Owing to thermal and
elevatory causes the original slaty structure has occasionally
become schistose.

The four quartzite areas are first the somewhat interrupted
patches from South Charlestown northeasterly, extending into two
sections east and southeast from the village of Charlestown called
Breakneck Hill by residents; and its northern extension at Oak
Hill. Plate LIII section 5 illustrates the stratigraphy of Oak Hill.
From here there is a change in the topography; the hill becomes
depressed, but the rock is continuous to the Rattlesnake Hill
seratched by the railroad upon its western side about a mile south
of North Charlestown, Ifs course is most likely interrupted by a
cross fault along this line. A second area of asimilar quartzite and
conglomerate is fo be seen in Springfield in the old School Dis-
trict No. 6, up Button Brook with a moderate dip south 60°
east; and it is developed into a hill. The lower fertile ground to
the north is oceupied by slate till obstructed by another and much
more impressive eminence— Rattlesnake Hill—the highest land in
the neighborhood. Thisseews like the continuation of the one just
named, and is a combination of quartz schists and conglomerate—
the last having flattened pebbles of quartz, and also of slate. The
dip is 50°-60° south 60° east and thickness estimated at 300 feet.
This is the most western of these Devonian conglomerates, about
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a mile east on the edge of the Conway schist. There is also
an exposure of a white quartzite just within the limits of Weathers-
field, a mile back from the river.

The third area is that of Skitchawaug Mountain in the east
part of Springfield presenting on the east side cliffs 300-400 feet
high facing the Connecticut, as seen from the trains on the rail-
road. It is unique topographically, being a rough mountain
three miles long, superposed upon the lower hills just north of the
Cheshire bridge and the old military road. Mr. Hull has been all
over it and thinks the general structure is monoclinal, dipping
about 75° north 60° west. It adjoins the vertical indurated slates
of the Black River valley. The rock is both a quartzite with
saffron-like tint and conglomerate, and with it are indurated
clays, sometimes calcareous. Near the military road upon the
south-west side is a large outerop of conglomerate with flattened
pebbles dipping northerly, and underlying the other rocks.

Because of the infelicitous character of the hill—a heavily
wooded surface with thorny shrubbery—it is not easy to examine
it carefully. T am disposed to place a portion of it with the green
schists such as occur along its strike upon Barbers Hill in Clare-
mont. Several outerops of it along the river road in Springfield
adjoining Skitchawaug Mountain bear resemblances to that
group of rocks. There is evidently a development both of the
underlying schists and an overlyving quartzite and conglomerate;
besides hill higher beds of gray and saffron sandstones.

It has been a question whether the Charlestown Rattlesnake
Hill quartzite makes a synelinal with Skitchawaug. Mr. Hunting-
ton takes that ground, while Mr. Hull thinks the general S. W.
attitude of the mountain is against it. Mr. Hull says:‘T have
passed over the ridge of the mountain and travelled around
its base, and from twenty observations taken at different points
along the ridge and varying but little, the average strike is about
north 30° east, dip 75° west, but a large area near S. H. No. 6—
the western part of the north end of the mountain—dips east—
as well as smaller areas along the eastern base. The mountain is
bounded on the west by slate having the same dip as the quartzite,
Only the southern end of the mountain-comes in contact with the
Huronianrocks.” Thaveitalicised that part of the quotation which
proves that Mr. Hull was familiar with the phenomena about to
be mentioned. Upon a reexamination of the ground I find first
an easterly dip of the quartzite at the base of the cliff, directly
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are devoid of the black particles thickly strewn elsewhere. The
quartz and sericite have been erystallised in situ. Theschisto-
sity is due to the elongation of the quartz grains and the induced
arrangement of the sericite.

Nothing in the mieroscopic structure of the rock suggests
its original fragmental character. It has been derived from sedi-
ments allied to shale. Technically it is a mica schist containing
altered straurolities and garnets. The foliation is supposed
to have been due to crystallization under pressure, attended by
motion in the plastic erystallising mass. It is a good example
of a schist formed from fragments through the metasomatic’
agencies accompanying dynamic action. The deseriptions of the
staurolite mieca slates of Bernardston by Emerson and Julien
agree with that given by Bagley.

This rock occupies most of the area of Charlestown between
the Oak Hill and the eastern border ranges of quartzite. It is
massive without decided planes of stratigraphic structure, though
we usually refer to the best marked divisional lines as indications
of strata. The staurolites are scattered irregularly through the
rock without arrangement. Between Rattlesnake Hill and the
quartzite of Perry Mountain it has an anticlinal attitude. Upon
Breakneck Hill the mass seems to incline northerly with planes
at right angles to the slates: so that there is the appearance of a
fault running north and south perceptible for a couple of miles
before concealment beneath sand. North from Sam’s Hill to
North Charlestown this rock must be disposed of blocks of large
size separated by faults. No attempt has been made to align
these rock masses to their original positions.

MICA SCHISTS.

Besides the area of the staurolite schists stated above, there
are limited outcrops of a similar schist south east from QOak Hill
and on Sam’s Hill. Mr. Hull says: ‘‘A small area of miea schist
has been found resting uncomformably on the quartzite south-
east of Oak Hill. The exact locality is at the little pond a few
rods north of Mr. Cummings’ barn where the road passes between
the outeropping ledges. It is readily distinguished from the older
schists by its glistening rusty appearance and the smaller size
of its constituents. A macroscopic examination reveals occasional
garnets, biotite scales set transversely to the bedding, and stau-
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rolites seldom excecding an inch in length. The rock is harder
than the older schists, much wrinkled and somewhat broken.
Average strike N. 55° W., dip 30° N., 35 ° E. Both macroscopic
and microscopic examinations identify it with the mica schist
of Sam’s Hill, which rests unconformably on the quartzite of the
so-called eastern band.”

There are outcrops of a schist more widely spread on the
east (as in Acworth) than that common in Charlestown. It makes
up the bulk of the Coos schist as colored upon the geolog.ical
map of New Hampshire. Mr. Huntington who was responsible
for this section of the published New Hampshire map divided the
Coos rocks there into the Argillaceous mica schists and the Mica
schists, and recognized the fact that what I have called the Leyden
slate was also different from them,though all of them were grouped
as one upon the map. Our present delineation separates only the
Leyden slate as distinct from the earlier area of coloration.

THE IGNEOUS ROCKS.

Amphibolite of an igneous cast is found in a triangular area
east fron South Charlestown and at the North West corner of
Langdon, perhaps three-fourths of a mile in length. That it
was capable of altering sediments is demonstrated by the aspect
of the mica schists adjacent upon the west side, and east of the
quartzite, They are the Leyden slate altered to rcsem})l-c part
of the Goshen Conway group. They have the right position for
the slates as they dip beneath the Devonian quartzite. Upon
the east side at Page Hill the mica schists have been squeezed
into zig-zag arrangements and have been indurated so much as
to be hardly recognizable. Jointed planes dipping south were
noted in this amphibolite.

A 'specimen of hornblende schist comes from the north erfd
of Oak Hill and I do not recall any other ledge of this rock in
Charlestown. Hence it is clear that amphibolite is not to be
considered even as an altered sediment of the Devonian in this
district. It was purely igneous capable of producing contact
phenomena like the similar bunches in the Hanover‘quadrangle.

A typical elongated mass of granite lies between South Charles-
town and Bellows Falls. Tts place is easily recognized by the white
conical hills made conspicuous since the removal of the trees.
Where it has come in contact with slaty rocks in the south part of
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4. The Conway schists are also continuous from Massachu-
setts to Claremont, being the foundation for the Devonian eolumn.

5. The phyllite is doubled in area in the north part of Clare-
mont. In the midst of it are three bands of quartzite upon Bald
mountain, one of them a beautifully spotted rock with white
flattened pebbles in a dark argillaceous paste. This we correlate
with the lowest Springfield conglomerate carrying slate pebbles.
It lies near the west side of the phyllite, like that in Springfield.

6. This slate range includes the so-calléd Coos slates of the
New Hampshire report. That report was based upon the assump-
tion that the slates with staurolite belonged to a different age
from those that were devoid of them. Hence there were proposed
adjustments of structure separating the two slates in Bernardston
by a fault, which were not favorably received by geologists.
Therefore that view is no longer maintained, and the two slates are
now regarded as one and the same; and it will be seen presently
that a large area of slate carrying small crystals of staurolite farther
north is to be added to the Leyden phyllite, and though older than
the proper Coos it was included with that series in the statement
that the Coos group is the equivalent of the Bernardston rocks in
their northward extension,

7. This slate conneets with the band originally termed Coos
slate north of Sullivan county in Lebanon, Hanover, and Lyme
into Orford if not beyond; and it is the oldest of the rocks north
from Springfield, being separated from association with the Con-
way rocks in the east part of Cornish. From Cornish northwards
it must be an anticlinal flanked by the newer Coos schists and
quartzites.

8. The Bald Mountain conglomerates correspond with those
of the west belt in Grafton County. The difficulty of always recog-
nizing the dip of the strata in distinction from its cleavage in this
State will render useless the attempt to harmonize the observa-
tions of position that have been recorded upon this terrace. The
distribution of conglomerate bands adjacent to it will be a satis-
factory guide.

The application of these new views to the rocks in Grafton
County will work a revolution in our ideas of the true order in
Hanover and Lebanon. Upon the first day of field work in New
Hampshire I saw the quartzite of Moose Mountain ; and said to my
companion, “there is the key to the geology of this region.”” It
led first to the inauguration of the Coos theory; but the details
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have not been understood. When charged with the exploration
of New Hampshire geology I neglected this field, expecting to be
able to work it up later, because of residence close at hand, and
for all the intervening years 1 have been patiently collecting the
facts of distribution and position without understanding them.
Today I think the mystery is solved. The phyllite is the central
underlying rock, flanked upon both sides by Devonian formations
analogous to those first studied in Bernardston. I will now offer
a deseription of these rocks in Hanover and Lebanon.

GroLoGcy o HANOVER AND LEBANON.

Owing to the difficulty of discovering the true dips of the slate,
our observations upon the structure of this formation as it passes
through this area are unsatisfactory. Almost everywhere the
cleavage planes are nearly vertical. The belt is wider near the
north line of Hanover than it is farther south, as if it may have
crowded out the overlying quartzite north of the center. The
valley of Mink Brook shows the rock in abundance, also on Hayes
Hill. Early observations suggested an anticlinal in the west
part of this section. In the valley of Mascoma River the antic-
linal structure has always been reported; also upon the mountain
west of the lake. The slate is well shown from Ruddshoro down
to East Lebanon, Enfield on Mount Tug and the hill west of
Mascoma Lake. Its place is taken by the staurolite schists
towards Lily pond. The slate is narrowed almost fo extinction
in the south corner of the town.

The quartzites and conglomerates give character to the
geology of this district and their occurrences will be given in some
detail. They crop out upon both sides of the slate. They are so
narrow that only lines can represent them upon the map, and I
have taken pains to show them as accurately as possible with their
breaks and curvatures, The names of the residents are taken
from the atlas of D. H. Hurd & Co., 1892.

Upon my published map I have indicated the presence of
interrupted outerops of quartzite upon the western side of Hanover,
near the Connecticut. It is likely that this horizon will be demon-
strated to exist, chiefly because of its better development farther
north in Lyme and Orford.

Upon the west side of the main area the most northerly out-
crop of the quartzite is about half a mile southeast from the church
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the mica schist, sometimes at its border; but so far as known it
has not penetrated the green schists, though it has oceasionally
come in contact with and altered it, as on the west side of the river
in Norwich. The foliation of the amphibolite comes partly from
its interpenetration of the mica schist, and partly from the pressure
exerted by the igneous matter against its confining walls. Some-
times it had a laccolithic origin, though commonly it is deseribed
like a sill, and more rarely as a neck.

The mineral hornblende is scattered through many of the
schists where it cannot be called amphibolite. In such eases it
may merge into sediments, especially limestone. Such is the
character of the hornblende mentioned upon page 149 of the pre-
vious report. So the hornblende rocks in the Connecticut valley
Devonian areas are both igneous and metamorphie.

Quite a number of basic dikes are found cutting our Devonian
strata. There is the diabase in which chlorite has been developed
in the valley of Mink Brook east of Etna; a beautiful dike upon
Crafts Hill in which one can see the effect of the cool wall upon the
interior igneous mass; a very large mass east of the Hanover reser-
voir in quantity sufficient to supply road-metal to highway sur-
veyors; and several dikes of anorthite diabase already referred
to. In this vicinity Camptonites and olivine diabases have been
found. These dikes are supposed to be connected with the gran-
ite—there was first the production of the great batholith of granite
with its veins of aplite and various branches; secondly the protru-
sion of the amphibolites; third the injection of the diabases into
fissures; fourth the formation of large veins of quartz and pigma-
tites. The Connecticut valley Devonian rocks abound in illustra-
tions of the later theories of igneous development, which await
investigation. The establishment of the Devonian age of the rocks
opens the way to a revival of the theory of the metamorphism of
the New England crystallines at the close of the Carboniferous.

CORRELATION OF THE DEVONIAN IN THE THREE DISTRICTS WHICH
HAVE BEEN DISCUSSED.

Bernardston—quartzite east of the Connecticut; amphibolite
and staurolite schists; upper quartzite; limestone; lower quartzite;
leyden phyllite.

Springfield and Charlestown—Sam’sHill on the eastern range;

!
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mica schist; staurolite schist; Skitchawaug quartzite; Rattlesnake
conglomerates; lower quartzite; leyden phyllite.

Hanover and Lebanon—slate conglomerate; mica schist;
staurolite schist; amphibolites; chlorite schists; three quartzites;
lowest with slate inelusions; leyden phyllite.

In Hanover and Lebanon the series is duplicated upon the
east flank of the phyllite. Three quartzites are found, of which
the lowest carries slate inclusions and the highest forms the ridge
of Moose Mountain.

Much is yet to be learned about this loeality. Granite bor-
ders Moose Mountain on the east.
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TOPOGRAPHY.

Irasburg lies between north latitude 44° 45" and 44° 57" and
west longitude 75° 15/, 75° 22’. It contains approximately forty
square miles. The townshipistraversed by three great ridges ex-
tending in a north easterly and south westerly direction. Rounded
bills are located on these ridges. The ridge on the west is the high-
est, having an average elevation of over 1,900 feet. The ridge
on the east has an elevation of about 1,400 feet. The central
ridge is not more than 1,100 feet high and is unlike the others in
that its sides slope gently to the adjacent valleys and its crest is
well rounded.

The village of Trasburg is situated on this central ridge in the
middle of the township. These ridges are intersected in many
places by streams and narrow V-shaped valleys. The Black River
and its tributary, Lords Creek, cut the central ridge at three
different points. The western ridge is cut at two peints, in the
central part by a western tributary of Black River and in the
northern part by Kidder Brook, the outlet of Kidder Pond. The
eastern ridge is cut by many narrow ravines and intermittent
stream valleys. The highest elevation is in the southwest corner
of the town where Lowell Mountain reaches a height of 2,600 feet.
From this mountain to the north town line the altitude varies
but little from 1,600 feet. Just east of Irasburg Village is Allen
Mountain with an elevation of 1,800 feet, and directly north of
Allen Mountain is Knights Hill with an elevation of 1,6C0 feet.
West of the village of Irasburgis Long Mountain with an elevation
of 1,600 feet.

Between each pair of ridges there are very fertile U-shaped
valleys. The western contains the Black River, except where the
stream cuts a post glacial V-shaped valley thru the central ridge
near Irasburg. East of the central ridge there is a narrow valley
carrying Lords Creek in its southern part. On the eastern side
there is a wide valley in the northern part. A spur of the eastern
ridge extends out into the valley nearly to the town line near the
center. The valley widens again to the southward. The central
part of this township affords excellent illustrations of the forma-

‘tion thru stream action of valleys, deltas and river plains.
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DRAINAGE.

The Black River, which rises in the town of Craftsbury in the
southern part of Orleans County, flows in a northerly direction
into Lake Memphremagog. It passes thru the central part of
Irasburg from south to north. A tributary to this stream, Lords
Creek, flowsinto Black River just south of the village of Irasburg,
This stream drains the valley to the east of the central ridge.
A small stream having its source in the springs at the base of
Knights Mountain also empties into Black River from the east
just north of the village. Another small stream, rising in the
valley between Lowell and Kidder mountains, flows thru Long
Mountain and empties into Black River from the west. This
stream drains the western part of the township.

In the extreme north western corner of the township is a pond
covering about five hundred acres with an outlet flowing easterly
over the slate belts, then northerly parallel to the Black River
and finally emptying into the Black River in the township of
Coventry. With the exception of Barton River, which flows
across a small corner of the town in the northeast the above named
streams drain the entire section.

GLACIATION.

The town of Irasburg lies in the old Memphremagog basin
with the western slope of Glaeial Memphremagog on the east side
of the western ridge containing Lowell Mountain and Kidder Hill.
On every ridge and elevation with the exception of those in the
zentral part there are great angular boulders strewn along the
mountain sides. These boulders are of granite, diabase, peri-
dotite, quartzite and limestone.

The whole central portion between the eastern and western
ridge is covered with a thick mantle of glacial drift, in the form of
kames, eskers and ground moraines. Many of the transverse
valleys in the main ridges have been completely filled with this
material.

On many of the outcrops of rock, glacial striae were seen and
in several cases the direction was recorded. These were not always
in the same direction. On the east side of Kidder Hill an out-
crop of slate scorings were found which extend in two directions.
[ hese were probably made during two different glacial periods.
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Diabase Boulder, Irasburg.
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QUARTZITE CONGLOMERATE,

This peeuliar formation, consists of a mass of small, white
quartzite pebbles encased in fine grained quartzitic material.

This formation crosses the road leading over Kidder Hill
near the Newport line. It is about one mile long in the town-
ship and not more than one-half mile wide at the widest part.
The strike varies from north 40° east to north 42° east and the
dip from 78° west to 82° west.

HYDROMICA SCHIST.

The hydromiea schist is dark in color, greasy in feel, rich in
eubes of iron pyrite, and of a somewhat slaty texture.  When the
layers are split parallel with the planes of foliation oxide of iron
covers the surface. This will hold true to the depth of the com-
plete breaking down of the pyrite. In many cases small grains
of quartz were found embedded in this roeck. The formation may
be traced from the north western part of the township north of
Kidder Pond, southward to the granite in Lowell mountain.
It is only a few rods in width in the southern part hut widens
gradually toward the north. The greater part of Kidder Pond
lies in this formation. The strike seems uniformly north 40°
east while the dip varies from 75° west to 80° west.

SERICITE SCHIST.

The sericite gchist comprises a band of fine grained, light
colored micaceous rocks lying directly to the east of the hydromica
schist. No large crystals of pyrite were found in this terrane
altho there are some small crystals of the mineral in several
localities. In the southern part of the belt the rock has a slaty
appearance but it is far lighter in color than the slate. To the
north the rock is more massive but still retains the characteristics
of a mica schist. Still further to the north in Troy the cleavage
is so highly perfect that it readily splits into slabs three-sixteenths
of an inch in thickness. A vein of quartz, locally thought to con-
tain gold, silver, nickle and copper, is found in this terrane near
Kidder Pond. In some places prospectors have opened up
the vein to determine its width and value. It is, however, only
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A.  Abnormal Dip of Limestone, Irasburg.

8. Limestone Quarry, Irashurg.
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B few feet in width and extends northward into the township
of Newport. Several assays have made from similar quartz
veins in northern Vermont and in no instance has gold been found
in commercial quantitiecs. This belt of sericite schist is about
onc mile in width and extends from the north town line to Lowell
Mountain on the south. The strike is uniformly north 40° cast
and the dip varies from 75° west to 80° west.

ORDOVICIAN.

Parallel to the Cambrian group of terranes and flanking them
on the east is the Waits River limestone and the Memphremagog
slate. They consist of interstratified silicious limestones and
slate or phyllite. They have a general dip to the west of about
60° and a strike of about north 40° east.  The slate being less
effected by erosion and solution stands in the form of long parallel
ridges extending northeast and southwest across the township.
The softer limestone has been worn down many feet below the
surface of the slate forming broad U-shaped fertile valleys be-
tween the ridges of the slate. The central belt of slate mapped
in the report on Newport, Troy and Coventry and published
as a chapter of the Stute report 1907-1908, dies out just across
the line in Irasburg, leaving only two belts of slate to cross the
entire township, the eastern and the western. These Ordovi-
cian terranes will be taken up separately in the further diseussion.

IRASBURG CONGLOMERATE.

Extending thru the central part of the township in a direc-
tion of approximately north 40° cast, there is a limestone conglom-
erate. It carries pebbles of diabasc, granite, porphyrite, quartzite,
and sericite schist. It was discovered by the first named author
of this article in 1904 and named by him at that time the Irasburg
conglomerate. As the work assigned at that time lay in the
northern townships there wasnot given an opportunity to trace out
in detail the extent of the formation. In some parts the pebbles
are small, well water worn, while the entire conglomerate is highly
crumpled and folded away very much as scen in Plate LVIT A.
In other parts the conglomerate contains large houlders of diabase,
porphyrite and quartzite.  Some of these are from two to four
feet in diameter. Plate LVIL B shows this conglomerate as it
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appears in the bed of LordsCreek just south of Irasburg village.
Another excellent exposure of the conglomerate is about one-
fourth mile south of the village of Irasburg on the east side of the
road to Albany. The site is further located by the large isolated
pre-Ordovician boulder, a cut of which appears in an earlier
report.

This conglomerate can be traced for two miles north of the
village of Irasburg and for an equal distance to the south of the
same village. In each direction the pebbles become smaller
and less numerous. This may simply imply that the outerops lie
higher up in the conglomerate. The area exposed is about four
miles long and one-half mile wide in the widest part which is near
the village of Trasburg.

Acecurate measurements of the dip and strike of this terrane
are attended with difficulty for the strike sometimes changes 90°
within ten feet. The dip thru the complex folding appears in
all directions and at all angles. This conglomerate is considered
to represent the base of the Ordovician series of rocks in eastern
Vermont. The pebbles are all pre-Ordovician and the matrix is
limestone. The size of the encased boulders implies that it marks
a shore line at one time in the Ordovician sea and establishes an
erosional unconformity between the Ordovician and the pre-
Ordovician terranes. That it is not the conglomerate found in
the western part of Coventry and previougly reported is proved by
the fact that the Coventry conglomerate carries pebbles of both
limestone and slate of Ordovician age and these are entirely
wanting in the Irasburg terrane. This conglomerate reappears in
Albany and will be discussed in the report upon that township.

WAITS RIVER LIMESTONE.

There are three phases of the Waits River limestone in Iras-
burg, The first of these represents the Coventry phase. It
is a dark gray pyritiferous silicious limestone. The coloring
matter is largely due to carbon. It is locally burned for its lime
content. It underlies about one-half of the township which oceu-
pies the U-shaped fertile valley between the slate belt on the west
nd the one on the east. It extends across the entire township
form north to south, and is about three miles in width. The strike
varies from north 10°east to north 20° east and the dip from 55°
west to 60° west.
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A.  Conglomerate, Irasburg.
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Conglomerate in Bed of Lords Brook, Irasburg
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In the eentral part of the township the limestone is much
more compact and of steel gray color. The cubes of pyrite when
present are very small.  Large veins of secondary quartz traverse
this phase of the limestone. In some instances they are reported
as auriferous but the gold content is never a commercial factor.
This represents the Washington phase where it was worked for
several years as a marble.

In the eastern part of the township the limestone is lighter
in color than either of the other phases and in some instances
variegated. On its western border it was found to be in contact
with the dark Washington phase. Tt is interstratified more or
less with the eastern belt of slate. In many places covered by
the limestone on the areal map there are small beds of slate or
phyllite but the limestone predominates. It is due in part to
these narrow beds of slate and phyllite that the eastern part of
the town has a higher altitude than the western valley. This
limestone represents the Waits River phase from the village of
Waits River in Orange County near which it was quarried for
several years and named by the manufacturer a ‘“Variegated Im-
perial Granite” altho it contains no feldspar. The strike varies
from east and west to north 70° east and the dip from 55° west to
80° west.

SLATE AND PHYLLITE.

Flanking the sericite schist of Cambrian age on the east is
a belt of slate and phylliteschist. It extends from Lowell Moun-
tain on the south northward across the entire township and
represents the same belt of slate that traverses both Newport and
Coventry to Lake Memphremagog. It is styled in the report on
Newport, Troy and Coventry the western belt of the Memphre-
magog slates. In the northern part it has a more slaty texture.
The rift and grain is sufficiently perfect to permit the quarrying
and splitting for flagging purposes blocks of considerable size.
It has been utilized locally in the northern section for this purpose.

This terrane has a decidedly western dip but not nearly as
vertical as the Cambrian rocks which it borders. It is about
one mile wide in the northern part of the township but gradually
narrows toward Lowell Mountain.

In the central part of the township from north to south there
is a somewhat peculiar condition. The slate has been metamor-
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phosed by acid intrusives into an ottrelite schist, or a phyllite
schist with many crystals of ottrelite set transverse to the planes
of foliation. The schist has no regular strike and the dip is
nearly vertical. Excellent laboratory samples of anticlines and
synclines ean here be secured. In the vicinity of this abnormal
condition are large granite intrusions with inclusions of phyllite
in the granite. One of these is shown in Plate LVIII A,

This formation contains ecrystals of pyrite in the form of
cubes. In many instances the sulfide of iron has dissolved out
leaving hexagonal holes in the phyllite. The entire surface is
more or less covered with the oxide of iron caused by the decom-
position of the pyrite. The strike varies from east and west to
north 55° east and the dip from 55° west to 90°,

In the eastern part of the township there is another large belt
of slate together with a small bed in the northeastern part having
the same dip and strike as the continuous belt. The smaller bed
may be the last remains of an old ridge of slate that has suffered
disintregation and erosion until it has nearly disappeared. To
the southward the main belt extends to the extreme eastern edge
of the township. Its strike has changed from north 40° east to
east and west. This area is southeast of the large granitic in-
trusives of Allen Mountain and Knights Hill which is undoubtedly
the cause of the abnormal trend of the eastern belt of phyllite
in the south central part of the township. This belt is inter-
stratified with the limestone far more than the western belt.
The encased limestone beds are from a few feet to many rods in
width. The phyllite is more crumpled and metamorphosed in
the southern part of the township than in the northern. In
some instances in the northern section the slate would make a
very satisfactory roofing material were it not for the crystals of
pyrite which it contains,

INTRUBIVES.

Acid intrusives: The term acid intrusives in this discussion
is used to designate a series of intrusive rocks which are light in
color, light in specific gravity, holoerystalline and high in their
point of fusion. In this respect they bear a striking contrast
with the basic irruptives which will be mentioned later in this
article,
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A, Phyllite Inclusions in Granite, Irasburg.

B. Top of Granite Block, Irasburg.
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GRANITE.

Much of the surface of the township is covered with rounded,
densely wooded elevations. In the western ridge there are three
of these elevations. At the extreme north the large granite area
covering many acres outerops just north of the outlet of Kidder
pond. This appears as a large dome pushed up thru the slate.
This granite contains a considerable amount of iron as shown in
the sap. The stone does not split well.

About three miles south of this area there is another large
intrusive consisting of both acid and basic rocks. Here the granite
also contains iron and is otherwise of an inferior quality.

The largest field of granite in this section is situated on the
eastern slope of Lowell Mountain. It covers the whole southern
corner of the township. At the base of the mountain the granite
is of very good quality. The rift and grain are perfect. It is an
excellent working stone and free from iron. The prevailing ferro-
magnesian silicate is the black mica, biotite. Plate LVIII shows
the top of a block of this granite measuring 22 by 14 feet by 8
feet.

Thisouteropison thefarmof R. G, Phillips and has been worked
to some extent. It is an excellent stone for bridges and underpin-
ning, the two uses to which it is locally adapted, but it appears
equally valuable for structural and monumental work.

To the north of this point there is another good outcrop on
the farm of Arthur Clough. It belongs to the same area but lies
a little nearer the northern border of the intrusive. This granite
also has good rift and grain and has been worked to some extent.
It contains more of the biotite and is therefore alittle darkerin
color than the granite on the Phillips farm. It is also a little
tougher than the Phillips granite.

The nearest railroad is the Boston and Maine. The nearest
station is Orleans some eleven miles distant. If one of the
numerous ““Granite Railroads™ of Vermont passed thru the Black
River valley this granite would be extensively worked for it can
easily compete in open market with the other granites of the State.

A few hundred feet higher up on the eastern slope of Lowell
Mountain there is a granite containing much pyrite and the stone
is without perfect rift or grain. The slate which is cut by this
granite is highly pyritiferous far more so than the adjacent lime-
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stones on the east. It may be that the slate furnished a part
at least of the iron now found in the outer and higher portions
of this large granite area. Moreover erosion and solution have
both been more active on the eastern side and therefore the ex-
posure of the granite on the Phillips and Clough farms is hundreds
of feet lower on the granite formation.

Beginning at the place where the central granite areaof the
western belt i found, extending to the south at irregular intervals
from each other there is a series of pegmatite dikes parallel to
each other with strike east and west. They form with the lime-
stone a prominent ridge which is about four miles long and quite
narrow. The slopes upon either side are precipitous. Some of
these dikes are only a few feet in width, others are twenty feet
wide. In some instances thay appear as veins of pegmatite in
the limestone, always crossing it at a high angle. Plate LIX illus-
trates the nature of these dikes. A wide dike is seen at the left
of the photograph. The narrower ones at the right,

A U-shaped valley has been excavated between the western
main ridge and this secondary ridge. The dikes do not appear
to extend further in either direction than the foot of the ridge.
At the southern extremity of this long ridge there is a round
mountain having an elevation of 1,600 feet. It consists of granite
of inferior quality.

The formation between the pegmatite dikes is the black
shaly limestone which would easily suffer solution and erosion.
These intrusives have withstood the influences of corrosion and
corrasion thus forming this long narrow ridge terminated at the
south by Round mountain. It is not impossible that these peg-
matite dikes represent the more acid phase of the same magma as
furnished the granites for Lowell Mountain and that this intru-
sive worked its way into the fissures in the limestone. The ridge
as a whole presents an intensely interesting spectacle with its
wooded crest, bare, weathered limestone sides, banded frequently
with the whiter pegmatite dikes transverse to the strike of the
ridge and the limestones.

The Irasburg conglomerate and the western valley of the lime-
stone do not apppear to be traversed by any granite outcrops.
The eastern slate belt however has been intruded. Omne-half
mile east of Irasburg Village is Allen Mountain which consists of
granite. Near the borders of this dome-like structure there is a
brecciated granite containing fragments of the limestone, slate

Prate LVIX.

Pegmatite Dikes, Irasburg.
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and quartzite which it cuts. The flowage zone is in many in-
stances clearly marked. This granite also contains much iron
which gives it a rusty appearance, especially at the surface and on
samples that have stood exposed to the oxidizing agents of the
atmosphere for a considerable period of time.

Knights Hill, situated just north of Allen Mountain, is com-
posed of both acid and basicintrusives. This granite also contains
pyrite but the rock is quarried to some extent and utilized for
foundation purposes.

Basic intrusives: The term basic irruptives as here used in-
cludes a series of intrusives that are basic in their nature and
therefore more easily fusible than the acid, holoerystalline rocks
just deseribed. As these basic members are dark in color, high
in specific gravity, often micro-crystalline, they form a striking
contrast with the granites.

DIABASE.

The term diabase includes the heavy, basic intrusives con-
sisting of plagioclase, augite and magnetite. Olivine may, or
may not, be present. The rocks forming this class are mostly
in the western part of the township eutting the sericite and hydromi-
ca schists. In the regionof Kidder Pond many of the rounded
igneous outerops appear. Also south of this area and west of
the central granite mass there are large domes of diabase.

About one-half mile south of Irasburg on the road to East
Albany on the east side of the ridge just west of the covered
bridge over Lords Creek, there is an outerop of basic material
with bright, shining erystals of hornblende.  This ledge is about
one hundred feet long and seven feet high extending in a westerly
direction into the ridge.

In the igneous masses on Allen Mountain and Knights Hill
much basic material is found. On the west side of the hill there
is a ledge about one hundred yards long and several wide consisting
of a tough, black, ferro-magnesian rock. Samples of it were not
easily procured even with a two-pound hammer. This rock
appears to consist of phenoerysts of biotite, a little quartz, and no
phenocerysts of feldspar.

On this hill there are several outerops of brecciated material.
In some instances the main mass is granite containing fragments
of diabase and other material, highly metamorphosed slates
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These Cambrian rocks furnished the finer sediments for the
slates and phyllite schists of Ordovician age and the free silica
of the Cambrian Quartzite may have been the source of the free
silica of these silicious limestone belts in Irasburg.

That Irasburg was the first of these terranes to be laid down,
or at least the earliest Ordovician terrane to be brought into view
by subsequent erosion, for it is the most twisted and distorted of
any of the members of this series. The numerous pebbles and
large boulders so abundant in the conglomerate would indicate
that this outerop was formed in elose proximity to the shore line.

The greater amount of erumpling in certain areas was un-
doubtedly due to igneous intrusions of Devonian age. Plate
LXI, shows aportion of the limestone which illustrates this
greater folding. To the east of this area is the great granite
intrusion of Allen Mountain and just west is the large igneous mass
of Long Mountain Plate LV. Direetly to the east of this is
a great mass of igneous material carrying hornblende crystals.
In all cases where this abnormal folding and plication oceurs in-
trusives are found in the immediate neighborhood.

SUMMARY,

The authors have made a more detailed study of the terranes
of Irasburg than has hitherto been undertaken; (1) mapped as
accurately as time would permit the underlying strata; (2) shown
the stratigraphical relation of the terranes to each other; (3)
given new paleontological evidence of their age; (4) proved that
_ only two of the slate belts of Coventry and Newport extend across
Irasburg; (5) proved the Irasburg conglomerate to be at the
base of the Ordovician series in Vermont; (6) proven an erosional
unconformity to exist between the upper Cambrian and the earliest
of the Ordovician series; (7) shown the economic possibilities of the
area involved.
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head waters for this supply. If so, we have here an excellent
, illustration of the migration of a divide and the beheading of a
stream. How much of this work may have been accomplished
by the ice when it moved to the south broadening and deepening
the U-shaped valley of the Black River I cannot say.

These streams are not all sluggish. The Black River is es-
specially sluggish and furnishes here no water power of commercial
significance. This does not hold true of Eligo Creek or Whetstone
Brook. The former has an excellent water power at Mill Village
which is now utilized, the latter falls over two hundred feet in
less than half a mile. Vertical falls of from fifteen to twenty feet
are not uncommon in this stream.

TOPOGRAPHY.

The area traversed lies almost due southwest of Albany. Their
east and west town lines are parallel in their extension, north 40°
east or south 40% west. It covers an area of approximately forty
square miles.

“‘The valley of the Black River is longitudinal with its course
determined somewhat by the softer and less resistant western
belt of limestone over which it flows. It is nearly parallel with the
strike of the limestone. In general the longitudinal character
holds true of the north and south depressions. However, Whetstone
Brook flows directly across the strata which it cuts. It presents
a beautiful winding gorge in the wooded area thru which it flows.
The time of this gorge is post-glacial. The original course of this
stream was not determined. :

The eastern ridge of resistant slates and phillites that has been
nearly continuous thru Albany and Craftsbury has passed to the
southeast into Greensboro near the center of the eastern town line.
The altitudes have varied from 1,000 to 1,800 feet. The central
ridge of slate which has been continuous northward to Lake
Memphremagog dies out near the village of Craftsbury. Here
the U-shaped valley of the Black River becomes quite broad and
in it the slates and phyllites do not appear, The valley is from
250 to 300 feet lower in altitude than the central ridge. The
western ridge which persistently maintains its higher altitude
to the northward even into Canadian territory extends in a south-
erly direction across the entire township. The highest altitude
is found in West Hill which reaches a height of 2,000 feet. With
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West Hill in Craftsbury, Sarah Mountain in Greenshoro, Black
Hills in Glover, Lowell Mountain in Lowell and Black Hills in
Newport all around 2,000 feet in altitude, the area traversed
presents the appearance of a dissected pene-plain with these crests
standing out as monadnocks,

GLACIATION.

The town of Craftsbury is mantled with morainic material
to such an extent that the geologist may travel many miles in
the direction of the ice movement without finding a single outerop
for the study of field relations.  This holds especially true in the
southwestern part of the township in the valley of the Wild
branch where pre-Cambrian terranes are completely obsecure
and in the Black River valley where Ordovician terranes are
buried to such a depth that few rock exposures eould be found.
These deeply buried portions may carry the true diognastie
features of age.

Another interesting feature of the ice movement is that it
has not all been in the same direction. The general movement is
accepted to have been in a southerly or southeasterly direction.
This is proven by the many boulders of the old Lawrentian gneiss
from the north side of the St. Lawrence River strewn along the
pathway of the moving ice. Evidences of a different direction of
ice movement are very marked on the resistant outerop of phyllite
just east of Craftsbury Common. Here excellent exposures of
glacial striae can be observed. One set of markings are re-
corded south 20° west and the other south 40° west. The lower
portion of the ice may have conformed somewhat to the broad
U-shaped valley of the Black River and moved in a southeasterly
direction. The two different directions recorded on Prospect hill
can he duplicated in other high altitudes in the township.

Several small valleys have been partially filled with morainal
material thereby giving rise to small lakes or ponds. Two of these
are in the northern part of the township and are known as Hosmer
Ponds.  One of these lies entirely in Craftsbury and the other
extends northward into Albany., FEach of these has its longer
diameter in the direction of the moving ice a little to the south-
east as if the valleys were deepened by the erosive action of the ice.
One small pond is found northeast of Mill Village and another
west of Craftsbury Village. ,
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GEOLOGY.

The geology of Craftsbury is intricate and complex. The
terranes consist largely of a series of erumpled, folded, faulted,
metamorphic rocks, dipping always at high angles, and often
cut by both acid and basic intrusives. In the western part of the
area covered in this report the stratigraphy must be determined
by field relations, and even here there is a wide chance for error.
In the eastern part the problem is rendered less difficult by the
erosional unconformity between the older terranes on the west
and the younger rocks on the east, and by the discovery of erushed
graptolites in the northern extension of these limestones in Coventry
and Brownington,

CAMBRIAN.

The term as here used comprises an undivided group of
highly metamorphosed sedimentary, or meta-sedimentary, rocks
lying between the eastern foothills of the Green Mountains on
the west and the valley of the Black River on the east. They
consist of pyritiferous mica schists, sericite schists, quartzites and
conglomerates. In their northern extension thru Newport
they embrace slates and gneisses. Their general strike is north
40% east.  In the southern part of the township the strike in some
instances beecame north 10° east. The dip varies from 65° west
on the east to 80° east on the west., In them therefore there are
two synclinal troughs and one anticlinal axis not comparable
to the major axis of the Green Mountains.

These terranes were considered by Prof. C. H. Hitehcock as
pre-Cambrian. The finding in this series of undivided metamor-
phies of many beds of Upper Cambrian quartzite has led the author
to place this group definitely as Cambrian. They ecan best be
divided when the study of the Lamoille valley, as it cuts the Green
Mountain axis is taken up.

MICA SCHISTS.

The pyritiferous mica schist is best observed in the extreme
western part of the township. Cubical crystals of the sulfide
of iron FeS, have dissolved out leaving many cavities in the
decomposing schist. These cavities are not as large and numerous
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as in Troy just west of the village of South Troy where single
specimens show a score or more of square holes formed by the com-
plete washing away of these secondary products. These cavities
are square because the geometrical form of the associated pyrite
is that of the cube. Some of these chambers are now filled with
the oxide of iron which has not yet leached out and it isonly
in the less decomposed material that the original pyrites are found.

This terrane has been traced continuously from the Interna-
tional boundary on the north southward thru Troy, Newport,
Irasburg, Albany and Craftsbury. This schist is marked by its
black or greenish black color, the presence of beds of bluish quart-
zite often rounded and embossed by the action of the ice, and by
the slippery hydromica of Hitcheock. In certain local areas to the
northward this terrane has almost the fissility of slate.

SERICITE SCHISTS.

The sericite schists flank the pyritiferous, hydromica schists
on the east, and the youngest Ordovician slate on the west. They
have been traced continuously from the International boundary
on the north southward thru Troy, Newport, Irasburg, Albany
and Craftsbury. Their best development is in Troy where they
are so fine grained that they have been quarried to some extent
and used locally for building purposes. The same use has been
made of a little of this rock in the northern part of Craftsbury.
Here the terrane becomes quite narrow, only about a mile in width
while in the southern part of Craftsbury it stretches nearly across
the entire township.

These schists are light in color and at a distance somewhat
resemble a badly weathered and sheared diabase. They consist
mainly of minute grains of siliea and plates of an altered mica
now classified as sericite, a hydrated variety of muscovite. In
some instances these schists approach a quartzite and might be
cataloged as a quartz schist. In such cases the parallelism of
the minute scales of sericite is perfect and the whole mass seems
to be made up of but little more than minute quartz grains held
together by an original cement of clayey matter and iron. No
attempt has been made to separate this highly silicious area from
the more sericitic phases of the schist. They are simply regarded
as representing the more silicious phases of the sediments laid
down on the floor of the ancient seas. Their meaning however
may be far deeper.
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The high degree of metamorphism that characterizes these
schists is not only due to changes that took place during the Camb-
rian Revolution of early geological times, but to intrusive masses
of diabase introduced at some later time, possibly Devonian.
These diabases will be discussed under the eaption of intrusives.

In the western part of Craftsbury these schists are traversed
by numerours quartz veins which have given rise to an active
quest for gold. The amount of gold reported from samples sent
away for assay has varied from a mere trace to $4.50 per ton.
There is no evidence that any of these veins are commercial
propositions.

The southeastern part of the township was considered by
Prof. C. H. Hitchcock in his Geology of Northern New England,
1870-1882.  to consist of the calciferous mica schist and clay
slates of Upper Silurian age. The break between the older and
the younger formations was carried some four miles too far to the
west. It even embraced some arca to the west of Wild branch,
a tributary of the Lamoille River.

A diligent search was made in the southern part of the town-
ship for outerops of either the limestones or the slatesnow recog-
nized as Ordovician but none could be found. Wherever the rocks
are exposed thay are distinetly Cambrian sericite schists and quart-
zites. These can be seen abundantly on West Hill in the extreme
southern part of the township and embraced in the younger fo rma-
tions of Hitchcock. The sericite schists also found in numerous out-
crops on the hill beyond the end of the road that leadsin a southerly
direction about one-half mile west of the northern part of Eligo
Pond. That this material is sericite schist and not Ordovician
limestone is very apparent to the observer in the field.

This condition brings the Cambrian terrames somewhat
abruptly to the east a far greater distance than was expected.
Infact, the Cambrian sericites and quartzites appear to pass out
of Craftsbury into Greenshoro on the east andat this point the
formation becomes about five miles in width.

According to the earlier maps of Hitcheock the Ordovieian
terranes should extend westward about three miles in the northern
part of Wolcott.

According to the results obtained this summer the Cambrian
terranes should be carried four miles further to the east so that
the Ordovician limestones and slates would not appear in Wolcott
at all. This abrupt easterly extension of the sericite schist from
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field investigations I admit was quite unexpected. Whether they
turn abruptly to the west in Hardwick and Wolcottand so con-
form more nearly to the earlier reports of Hitcheock is a matter
of considerable interest and one that the author hopes to settle
in season for the next State Report.

CAMBRIAN CONGLOMERATES.

The adjective Cambrian is here used that these m_ﬂ:-cmps
of conglomeratic material may in no way be confused w1t-1.1 .t-he
Irasburg conglomerate which lies at the base of the Ordovician.
Quartz pebbles were found in great abundance in the northwester'n
part of Irasburg in the Cambrian terranes, but this terrane, if
it be a separate one, passes so far to the west that it would not
enter Craftsbury at all, unless there be a change in its strike in
Eden to about north 10° west. The conglomerate phase in the
sericite schist is well marked about one mile east of the western
town line on the north road to Eden Mills. Here the strike is
about north 40° east and the dip nearly verticle. This condition
appears again locally in the southern part of the towrfship in the
vicinity of West Hill. It oceursalso in 2 locality far easier of access
in the eastern part of the sericite schist just south of the direct
road to Eden Mills and about two miles west of Craftsbury Com-
mon. These areas may simply imply that erosion has been earried
decper or nearer the lowest beds of the Upper (‘.‘an’xln?ian. It
may imply more. This question can not be settled until T-lm(j per-
mits the larger work in the separation of the Cambrian sedimen-
taries that flank the Green Mountains on the east. It would
be settled when the geology of Lowell, Eden and Woleott was
worked out in detail. It is a stratigraphical problem of interest.

ORDOVICIAN TERRANES.

The Ordovician terranes in Craftshury comprise a series of
limestones, slates and phyllites, oceupying the eastern half of
the township. They are interstratified more or less with ea(zh
other and the limestone predominates. These formations will
bhe taken up separately in the discussion which follows.
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WAITS RIVER LIMESTONE.

The Waits River limestone as deseribed in the Annual Report

of 1906 in The Areal and Economic Geology of Northeastern

Vermont falls into three distinct phases. The first of these. the
beautifully banded variety, so closely resembling some var%ties
of the Columbian marble of Proctor, Vt., does not oceur within
the area covered in this report. Isolated areas may appear in
the towns north of Craftshury in their extreme eastern portion
but even herethe characteristics of the type locality are largely
wanting. 1t does appear however in its banded phase in the
eastern part of Orleans County, -

'I.‘he major part of the limestone in Craftsbury belongs to the
Was‘hmgton phase of the Waits River series. It is a steel gray
§1liclous limestone bearing about thirty-five per cent silica. It
is qsua,ll)-r quite free from pyrite save where it hasbeen effected
by mt-f'uswes. It is here much lighter in color than the dark steel
gray limestones of Danville and Washington. A minor anticline
appears in the eastern part of the township in this formation
The major anticline lies several miles further to the east. Tlu;
dip of the limestone in the eastern part of Craftsbury is from 10°
to 15° east and on the western side of the anticline the dip is 12°
*.west. The eastern high altitudes lie partly in this anticline
}n th:i: Iime;;tci?e thlld par;Iy in the phyllite. The low dip is easily
ound one half mile sout “ast Crafts r also i i
ek of East Craftsbury also in the gorge in

V\."het-s.tone Brook derives its name from the early use of this
n.ia.terlal as scythestones. The fine jointing and the perfect
rift of this rock enabled the farmers to manufacture casily -their
own abrasives. The stone is of good grit and wears well. If
this characteristic predominated over any considerable area I
would f:hoose to catalog the terrane a calcareous quartzite, An-
other similar area is found some twenty-five miles to the north-
east near Evansville. The same highly silicious material ap-
pears in Marshfield in Washington County.

‘ I.t' is in the Washington phase of the limestone series that the
crmfnda] stems cited in Hitchcock’s Final Report on the Geology
of Vermont, 1861, were found. It is this phase also that carries
the crushed graptolites in Coventry and Brownington and cited
by the author of his article on the Terranes of Newport, Troy and
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Coventry in the State Report of 1908, Tt is this phase further-
more that was mapped by Prof. C. H. Hitchcock in his Geology
of Northern New England 1870-1882 as extending thru the south-
eastern part of Craftsbury where the terranes are found to be
sericite schists and quartzites of Cambrian age.

In the northern part of the township the Washington phase
of the limestone series is flanked on the east by a highly folded
and much indurated belt of phyllite and on the west by the central
belt of slate which further to the south passes also into a phyllite
schist.

The Coventry phase of the Waits River limestone lies between
the central and western belt of slates. It is a dark steel gray
rock studded with pyrite. In the type locality in Coventry it
is massive. In other localities it is more shaly and found in
thinlayers. Itisin this phase thatsome true diognostic feature of
age should be found. The stone weathers rapidly on exposure
to the corrosive agents of the atmosphere on account of its iron
content. This characteristic may be seen near the base of the hill
on the road from North Craftsbury to West Albany.

IRASBURG CONGLOMERATE. 5

The Irasburg conglomerate was discovered by the author
of this report just south of the village of Irasburg in the summer of
1904. The extent was then unknown altho it was ascertained
to eover a considerable area. It was deemed of sufficient import-
ance to give this formation a distinet geological name and therefore
it was named from the town in which it was discovered. Asalready
described it contains boulders of diabase, granite, porphyrite,
quartzite, and sericite schist, all pre-Ordovician in a cement of
Ordovician material, essentially limestone. No analysis has
been made to show how silicious this cement may be.

In Albany this conglomerate was found again but the boulders
of diabase and granite are absent. A diligent search was made for
outerops of this conglomerate in Craftsbury and the search was
rewarded with small outcrops near the road leading from West
Albany to Craftsbury Common. The pebbles here are not so
numerous nor are they so large as they are in the northern ex-
posures. ,
A few pebbles about two inches in diameter were found.
These were porphyrites and quartzites. The southern extension
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of this conglomerate into Craftsbury is further marked by its
highly folded and crumpled condition. The erosion here is not
quite so low on the formation as it is in the more northern outerops.
It is the author’s desire to find this conglomerate represented
distinetly in the Lamoille valley in Hardwick where the altitude
above sea level is much lower than in Craftsbury and where the
erosion should also be lower on the formation.

This conglomerate distinetly marks the lowest of the Ordo-
vician terranes in eastern Vermont, or east of the Green Moun-
tain anticline, It lies in Craftsbury to the west of the central
belt of slate and phyllite and to the east of the Black River. It
is a true basal conglomerate as shown by the size of the boulders
especially in Irasburg where some of them are from two to three

feet in diameter. It marks furthermore an erosional unconfor-
mity.

SLATES AND PHYLLITE

The ecastern belt of slate and phyllite that has characterized
the high altitude from Newport southward thru Irasburg and Albany
and ceases to appear in the extreme southeastern corner of Albany
outerops again in the extreme northeastern corner of Craftsbury.
The phyllite here is highly metamorphosed. It often becomes
exceedingly tough and loses much of its characteristic cleavage.
Many crystals of ottrelite set transverse to plains of foliation are
present. This phenomena is well represented in the samples
collected for the State museum. The strike that would be
expected for this terrane is north 40° east but the strike found
in the area was north 40° west and the dip was ata highangle to
the northeast. 1t perhaps might be better classified as an ottre-
lite schist. Its induration is in part due to the presence of the
acid intrusives in the northeast corner of Greensboro.

About one mile to the southeast the phyllite assumes its
normal slaty appearance. Many specimens could be obtained
that would be classified in the field as a slate. It is so mapped
in the areal map of Craftsbury. South of this ou terop the eastern
belt of slates and phyllite do not appear in Craftsbury but pass out
of the township to the southeast into Greenshoro where on Calder-
wood Hill and Sarah Mountain, two high altitudes of approxi-

mately 2,000 feet the phyllite abounds. In this area scarcely

an outcrop of limestone could be found, The exposures were
phyllites and granites.
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The central belt of slate that was continuous t.hr11_1Ne\\"port-,
Coventry, Irasburg, and much of Albany, enters L.raftbburfy
on the north and is continuous as far south as the larger Hosinu:r
pond. Here it assumes the general appearance of slate. ‘ td is
characterized by numerous small erystals of pyrite. Th.eﬁe.rtn er
it worthless for roofing purposes. 11-1 the northern sections as, 1?
Coventry it has been quarried in this same belt to some exten t

This belt of slate as it appears on Prospect Hill to ’the eas[
of Craftsbury Common has suffere_d more 1netan1f}rpiusnz Hn.(.
passed into the characteristic phy]httl-a again. This (-)utc-ll:i”: is
especially characterized by a large vein of white qua:t-_z t ?dtl}?
reported to be auriferous. This vein in about five feet mi wi ﬂ.]
and can be traced northward to the east of Hosmer .Pond-l anc sfou “
ward for a mile or more. In the outcrops ?f this vein as far as
examined there were no evidences of gold in commerc:'al fﬂmu-
tities. This belt terminates just north of Craftsifur} lvl age.
Qouth of the village no outerops of either slate or phyllite b‘e ODﬁﬂﬁ
to the central belt was observed. The va]ley. below this h: ‘m
some 300 feet lower in altitude than Prospect Hill and seems to be

i in the limestones.
g e:i‘}l';];igstem belt of slate which was mappe‘d by Prof. CA‘H.
Hitcheoek as continuous across the entire township and c)ft.enhl‘ng
into Wolcott on the south in his report on tbe Ge‘aolog}: of L-qort lern
New England, 1870-1882, and al'sio in his Geological Lectlo:;m
aeross Vermont and New Hampshire, 1884, does not sf.pl‘)ear 0
be continuous. It does not even ext end.more than half w :y al;:‘[ms.-i
the township. It has been traced cont-munus!vy from Lac er i im,
phremagog on the north sout-ht?'a?d thru ‘.-\'ewport,' 0\6'1: Ty,
Irasburg and Albany save where it is locally cut off by gran rz Lr;
the southwestern part of Irasburg and the northwestern ;l)at .
Albany. It enters Craftsbury on the Jomrth and on the Whi i ert'
and W;renfrew farms it has been quame(.i to a mn_mderabl}f exde;nf.
for structural purposes. Blocks six or e‘lght- feet in leil?gt ‘«an -1?}1
any thickness desired can be easily obtained. 'l_‘he st 1‘kl{= th not 2
40° east and the dip 80° west. This slate, which has ){eltll ml:1
fined to the west of the Black River road f rom Irasbu‘rg‘ soutl War q‘;
about two miles south of the northern town line passes to .t. e ;a.;t
side of the road and if connected with the northern p<,)r1~;c1.1m*1t }k
connection is drift covered and was.nnt observed. e strike
is north 10° east and the dip still at a high angle to the west.
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This slate was not found south of the school house about
one mile west of Craftsbury Common. As it overlies the voungest
of the limestones it may have once been continuous but if 50
it has since suffered a complete erosion. It does however appear
again to the south for it is this belt that carries the roofing slates
of Montpelier and Northfieldl. How long a gap there is can be de-
termined only by subsequent field work.

DEVONIAN

From Lake Memphremagog on the north to Craftsbury no
limestone has been found west of this belt of slate save in large
erratic blocks in the northern part of Newport. It was the
author’s great surprise in the last days of his field work this summer
to find directly west of the slate on the farm of C. H. Whitcher
a belt of limestone. Its present position now is above the slate
and to the west of the westernmost belt of slate in the township.
It is more than a mile in length and several hundred feet in
width. It is flanked on the west by the sericite schist and in
the east by the slate. It is a silicious limestone like the shaly
phases of the Ordovician, If it he Ordovician its position above
and west of the youngest Ordovician terrane can be explained by
a thrust fault with a considerable horizontal displacement and an
inversion of the strata.

There is however another possible explanation of the appear-
ance of a limestone west of the western belt of slate where it has
not been supposed to exist. There is at Owl's Head in Canada
some fifty miles to the north a small area of Devonian limestone.
The strike of that outerop would carry the formation if con-
tinuous into the towns west of Craftsbury. These terranes con-
sist of Cambrian schists and not Devonian limestones. It is
possible that this limestone is Devonian and comprises an area
much larger than that at Owl's Head. The author regrets that
there was no time left this summer while in the field to search this
area diligently for Devonian fossils and gather the necessary
data for the solution of this unexpected problem. The one out-
crop of known Devonian rocks in eastern Vermont lies in the ex-

treme southeastern corner of the State, a few miles north of the
type locality at Bernardston, Mass,
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INTRUSIVES.
i_.-'\ -

The irruptives in Craftsbury comprise both the aecid and t'he
basie intrusives.. The former are light in eolor, light in spe(:}ﬁc
gravity and form a striking contrast with the latter rocks which
are dark in color, high in specific gravity and often macrocrys-
talline.

GRANITES.

The granites in Craftsbury are confined to the eastern-h-alf
of the township and everywhere associated with the Ordowcw..n
terranes. The most promising of these outerops is situated in
the eastern part of the town on the farm of E. A, Dutton. 'ljhe
strike of the outerop is nearly parallel with the east town line
which is approximately north 40° east. This belt is a little less
than one mile in length and only a few rods in width. The box‘lld.ers
in the southern extremity of the outerop were opened .for building
purposes but these were found to possess a gneissoid structure
and the opening was abandoned. An opening was made then on
the main body of the intrusive some fifty rods further to the
north. Some blocks showing the same gneissoid structure were
encountered which record a flowage in the periphery of the granite
mass.

A considerable amount of development work has been done
at this place. The granite is from fine to meditltm in texture and
not as dark as the dark Barre or Hardwick granites. It possesses
good rift and grain and can be cut to as fine an edge‘as required.
It is well adapted for monumental work as shown in ?-he bases
and dies now in the process of completion at the quarries. The
quarries are leased for a term of years by H. A. Ja(fksm? of Hard-
wick, Vt., who is now working them. The stone is said to 1.:ake
an excellent polish but no polished samples were seen by the writer.
" Some fifty rods to the west of the quarries owned by E. A.
Dutton another opening has been made on the farm of Rufnert.
Harper. A small amount of building stone has been obtained
here. While the derrick was still standing no further develop-
ment work was in progress. The sap here was a little deeper t-}:ian

on the Dutton quarry and the work executed was not so ext.enswe.

A few rods east of this opening an outerop of phyllite was
found. As this terrane carries a considerable amount of iron
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a deeper sap in this granite might be expected. Blocks of consider-
able size can be obtained here but the development work is not
yet extensive enough to state definitely what their character
at the lower depths will be. The nearest sedimentary to the Dut-
ton granite lay on the east side and was the Waits River limestone
with a low dip of 12° to 15° to the east. This limestone
here is compact and free from visible pyrites. Distance from
the railroad increases the cost of production and lessens the
output of both quarries.

The large granite outcrops of northeastern Greenshoro
appear to cross the town line into Craftsbury. There are no
desirable places to open quarries in the latter town in this intrusive,
but on the farm of E. W. Barclay in the edge of Greenshoro four
quarries have been opened and a considerable amount of good
granite obtained,

ORBICULAFR. GRANITE.

In the village of Craftsbury and directly to the east there
is a small area of granite that is worked locally for bridges and
underpinnings. In the pasture of W. P. Kaiser the orbicular
nature of this granite is best seen. Here the stone possesses good
rift and grain and the guarring has been the most extensive. The
spheroidal aggregations of the biotite and quartz prevents
its commereial use in monumental and structural work. It has
received many appellations. It was ealled by Hiteheock in his
Geology of Vermont, pp. 363-365 ‘‘concretionary granite’.
It has likewise been termed ‘‘butternut granite” and “‘plum
pudding stone” from the resemblance of the more basic aggre-
gations to dried butternuts and the whole rock to a plum pudding.
S. R. Hall on page 721 of the same report says “‘I regard the
nodular granite as the greatest geological curiosity in New Eng-
land.

Attention was later called to this granite by G. Hawes in
1878 in the Geology of New Hampshire by Hitcheock, by Chrus-
thov in 1885 and in 1894, by Forsterus in Finland in 1893, by
C. H. Richardson in the Areal and Economic Geology of North-
eastern Vermont im 1906, and by . Nelson Dale in the Granite
of Vermont pp. 94-95 in 1910, and by many others so that the
literature is now voluminous. Before reading the conclusions
of Forsterus as given by Dale for the orbicular granite the author
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had concluded that the nodules represented the more basic segre-
gations in the more basic part of the granite, and this particular
granite was more basic than the other granites in eastern Vermont.

The uniform distribution of the nodules in this granite as
well as the large number of these spheroidal aggregations can be
seen in the plate in the authors report on the Areal and Economic
Geology of Northeastern Vermont. In a block weighing ap-
proximately 400 pounds obtained for the museum at Syracuse
University, a somewhat circular arrangement of these nodules
themselves is very apparent. The cross seetion of the block
shows these nodules in more or less of alignment as if there was a
flowage of this more basic material.

Dale has cited a similar but somewhat different condition
in the granite of Bethel, Vt., Ellis Quarry, Plate XXII, Granites
of Vermont. The author of this article has seen a similar condi-
tion in the fine grained granite at Stanstead, Quebec, Northfield,
Vt.. and in the Dutton quarries in the eastern part of Craftsbury.
In Irasburg he has found boulders well filled with nodules. This
evidently came from the northern locality. But smaller boulders
from Craftsbury have been found in several localities in both
Orange and Washington Counties.

DIKES.

In-the vicinity of Craftsbury Common there are several dikes.
Two only of these are represented on the areal map. About 75
rods west of the Common there is a dike seven feet wide with
strike north 40° east. It contains many crystals of hornblende.
Some of these phenocrysts are long and acicular while others are
short and stout.

The second dike represented on the map in the vicinity of the
Common is fifteen feet wide with strike north 10° east. It bearsno
hornblende phenoerysts. It decomposesrapidly because of the oxi-
dation of the iron content. Hitchcock cites three other dikes
in the same vieinity with strikes as follows; north 9° west, north
10° west, north 20° west.

In the bed of Eligo Creek, where the road to East Craftsbury
crosses it, there is another granite dike 10 feet wide with strike
north 10° east. This dike is also represented on the areal map.
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graptolites will no doubt prove genuine.” Several samples were
also submitted to Mr. Perkins, a geologist and civil engineer of
Canadian training who immediately recognized the ecrushed
graptolites as an important and true diagnostic feature of the age.

For further confirmation in the summer of 1911 samples
from both localities were submitted to Dr. Rudolph Ruedemann,
State Paleontologist, Albany, N. Y., who wrote under date of
September 20, 1911 as follows. ‘“After carefully going over the
material I agree with you that the carbonaceous films are quite
probably crushed graptolites. I found this summer in my work
about Schuylerville, exactly like blotches in the Snake Hill (Tren-
ton) rocks. Your specimens appear to be a crushed Diplograp-
tus or Climatograptus, and if this identification is right, the rocks
are of Ordovician age.”

It would seem therefore as tho the age of the Memphremagog
slates and the upper members of the Waits River limestone could
be stated with definiteness as Ordovician and specifically as Lower
Trenton. With a depth of several thousand feet of the lime-
stones and schists the lower members were laid down partly as
calcareous sediments and partly free from lime much earlier in
the Ordovician series than Lower Trenton.

The quest has been diligent for other forms that might tell
the story of age. Hitcheock in his Geology of Vermont, 1861,
cites many crinoidal stems in the Waits River limestone in Derby,
Vt. In December, 1897, I found a well preserved erinoidal stem
in the Waits River limestone in the marble quarries at Waits
River. The stem was about one half inch in diameter and the
block exhumed from ten feet below the surface.

Some suggestive material from Irasburg and Albany was sent
to Dr. Ruedemann together withthe graptolites and of these he
writes: “The supposed Orthoceras lacks the septa, and the corals
the septa and tabulae, and it would therefore be too hazardous
to refer them to those classes. The supposed Orthoceras may
be straight pieces of large worm borings or so-called fucoidal
markings, Another specimen while suggesting a Colunnaria
lacks the finer structure and may be of inorganic origin. From
the appearance of the rocks it seems to me that better material
may still be found, ”’

Another day was spent this summer in quest of fossils in the

same field but no better material was secured. It would only?
be by removing a considerable amount of the decomposed rock i
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and by the use of explosives that better specimens would be
secured. In it all no fossil has been found to indicate that the
limestones of the Black River Valley are other than Ordovician.

The evidences of Cambrian age of the metamorphic schists
flanking the Ordovician terranes in two fold. The erosional
unconformity between them and the lowest member of the Or-
dovician series with its boulders of pre-Ordovician intrusives
and sedimentaries would establish the proof that these terranes
were pre-Ordovician. The lithological similarity and continuity
of these terranes into Canadian territory where Upper Cambrian
fossils are found would establish the quartzites and sericites
schists upon whose beds the Irasburg conglomerate was laid down
as a true basal conglomerate, as Upper Cambrian.
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valleys between these ridges are essentially in limestone, which
by its greater ease of solution and abrasion, has been more rapidly
removed from the area. .

Plate LXIV represents a pot-hole several feet in diametre
in the bed of the stream in the western belt of limestone. The
broad U-shaped valleys of the area have an altitude of about
950 feet above the sea level while the slate and phyllite highlands
sometimes reach an altitude of 2,000 feet.

GLACIATION.

The most of the territory covered by this paper lies under
a great mantle of glacial drift. It was all ice covered and in a
few sections but little morainal material remains. The eastern
part of the town is especially rich in morainal debris. All the more
resistant rocks show a line of striae in a southerly direction show-
ing that one movement of the ice was nearly south. In some
instances the direction of the ice movement was south 20° west,
showing more than one advance of the great ice mantle. Many
large boulders are scattered over the area that are foreign to the
bed rock upon which they rest. Especially the eastern part of
the township is literally covered with boulders of granite and
diabase resting upon beds of Ordovician limestone. The angula-
rity of their mass shows that they have not been transported
for any considerable distance. In the following line of the ice
movement it is easy to find their original habitat in the intrusive
masses in Irasburg. Some of these boulders weigh hundreds
of tons and consist of a good granite for structural purposes, in
fact often used for underpinnings and bridges. Some boulders
contain enough granite to construct an entire house.

A common report in the western part of the township was
the existence in the forested area of asbestos bearing rocks. Upon:
examination these in all cases proved to be serpentine boulders
from the peridotite lying to the northwest in Eden and Lowell.
Nowhere in this town could an outerop of peridotite be found.
The presence of these boulders proves a southeasterly trend of
the ice. This great ice mantle was responsible in part at least for
the broad valleys between the highridges and for the ponds ex-
isting in the southern and southeastern part of Albany.
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DRAINAGE.

Albany lies near the height of land that traverses the State in
this section in an east and west direction. The general flow of the
water is north by northeast. The streams are all a part of the
great St. Lawrence system and so empty into the northern Atlantic.
The drainage southeast of this water shed is by means of the
Connecticut River with its tributaries.

The main streams to be considered are the Black River,
Lords Creek and a small tributary of the Barton River. These
all flow into Lake Memphremagog. In the extreme eastern part
of the township there is a pond covering several acres. The
bed of this pond is in limestone. The present depression may
have been caused in part by erosive action of the great ice sheet
but in the main it was formed by a deposition of morainal material
across the outlet of a pre-glacial valley. This pond which is fed
largely by springs has its outlet to northeast in a small stream
that empties into Barton River.

Lords Creek rises in the southern part of Albany, Its head
waters are just south of the road between Albany Center and South
Albany. It flowsto the north cutting its way thru the limestone,
enters Irasburgto the north and empties into Black River at Iras-
burg village. There are only a few tributaries to this stream hence
the area drained by it is small.

Black River has its head waters in Eligo Pond in Craftsbury
several miles south of the Albany line. This stream flows in a
northerly direction thru Albany in the western limestone valley.
A large portion of the township is drained by this river. On the
east the Black River has a very interesting tributary which in-
stead of flowing in a westerly direction or even in a northerly
direction until it empties into the Black River flows in a southerly
direction around the central belt of slate in Craftsbury and then
changes its course to the northward. It furnishes an excellent
illustration of how the resistance of a terrane to solution and cor-
rasion determines the course of a stream.

In the eastern part of the township there are several small
ponds all of which save the one previously mentioned have their
outlets to the south. These tributaries finally empty into Black
River. The streams are mostly sluggish and therefore worthless
for water power. They are however used for the transportation
of logs in the spring when the waters are high.
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Pot Hole, Albany.
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GEOLOGY.

The clastic terranes in Albany consist of two groups, the
Cambrian and the Ordovician. The boundary line between the
the two is about one mile east of the Lowell line. The intrusives
in somewhat isolated areas are both acid and basic.

CAMBRIAN.
r

This series of schistose rocks are the oldest terranes in the town-
ship. They comprise a series of hydromica schists and sericite
schists. The hydromica schist is the western most member in the
township. Itisdarkin color, greasy to feel and studded with pyrite.
The crystals howeverin Albany are neither as large nor as abundant
as they are in the northern extension of this formation thru
Irasburg and Troy.

The sericite schist is found in a belt scarcely one-half mile
in width lying directly to the eastof the hydromica schist. It
extends the entire length of the township except the extreme
northwestern corner where it is cut off by a large mass of granite
in Albany and Irasburg.

~ On the last road leading to the west from the Black River
valley in the northern part of the town, there is an interesting
anticlinal valley cut in the Ordovician slate in the lower portion
of the valley and in the sericite schist in its upper portion. Just
west of the contact between the slate and the sericite schist
the schist stand in the ravine with perpendicular walls rising
about twenty-five feet in height. The high angle of dip, the
perfect fissility of the schist and its sericitic nature can be seen
to no better advantage anywhere in the township.

The fineness of the grains of silica however is not quite
equal to those in the same formation near the village of North
Troy where the rift and grain of the sericite suggest a slate.

ORDOVICIAN.

The Ordovician terranes comprise a group of rocks extending
eastward across the township and consist of slates and limestones
more or less interstratified with each other. Some of the beds are
only a few inches in thickness while others are hundreds of feet
across them. Some of these beds are now fissile enough for slate
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the northeastern corner of the township. Here is found a belt of
light colored limestone which is uniform in texture and especially
free from pyrite. In some instances the light and dark bands
appear in the stone but the rock is not so distinctly banded as
in Waits River, the locality from which it received its name. The
strike of this terrane is nearly normal, north 20° east, but in the
eastern part of the township near the central line the strike changes
to north 50° east and so passes out of the township in question.:
The dip of the limestone is fairly uniform at an angle of 50° west.

The Washington phase of the Waits River limestone to the
west of this belt just described but separated from it by a band of
phyllite. The limestone is uniformly dark colored and compact.
A considerable amount of silica enters into its composition. This
does not prevent its cutting to a keen edge, but the presence
of minute erystals of pyrite precludes its large economic applica-
tion for structural work.

The strike varies from north 30° east to north 40° east and
the dip from 60° west to 65° west.

The Coventry phase of the Waits River limestone lies to the
west of the Washington phase and between the two western belts
of slate. This terrane is marked by its abundance of cubes of
pyrite. Several kilns have been constructed for the purpose
of manufacturing white lime but the produet was of inferior quality
and gray in color and the project was quickly abandoned. The
lime however, has been used to some extent as a fertilizer. It
is of some value for the soil in the western part of the town-
ship that bears little or no lime content.

The strike varies from north 35° east to north 50° east and
the dip from 55° to 80° west.

SLATE AND PHYLLITE.

The slates of this region are known as the Memphremagog
slates, this name having been given to them by C. H. Richardson
in his report on Newport, Troy and Coventry, published by the
State Geologist 1907-1908.

There are three distinct belts of slate and phyllite traversing
the township in a northeasterly direction. They represent the
southern extension of the belts of slate so well defined in Newport
and Coventry. Altho not widely separated from each other
they differ widely in texture and degree of metamorphism.
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The eastern belt traverses the eastern part of the township as
indicated by the high altitude on the cross section at this point. It
dies out near South Albany where the land hecomes gently un-
dulating and an excellent farming section. Here the soil is mostly

Jlimestone and very fertile. ¢ i

The southern extension of this lineof high altitudes passes

out of Albany into Glover where it is cut by the acid intrusive,

- granite. This belt is more highly metamorphosed than the west-
ern members to which it is closely related. It is often crumpled
and plumbagenous. Thin beds of limestone are interstratified
with it. It does not weather uniformly and this differential
weathering is illustrated by Plate LXVI.

- Large veins of milky quartz are common in this terrane.
The largest vein is located on a hill in the eastern part of the
township where it serves as a capping for the hill and to which
the hill in part owes its altitude. The smaller veins of quartz
often extend into the limestones that flank the phyllite both upon
the east and the west. In this same belt of phyllite in the eastern
part of the township there appears to be an interesting thrust
fault. The greatest amount of throw is near the main east and
west road and is about twenty feet. It seems to die out gradually
both to the north and to the south.

The strike of this belt of phyllite varies from north 20° east
to north 40° east and the dip from 60° west to 70° west.

The middle belt of slate is separated from the eastern by the
Washington phase of the Waits River limestone. The terrane
does not appear in the extreme northern part of the township
but it extends in a southerly direction into Craftsbury. On
Chamberlain hill several patches of this slate appears metamor-
phosed into phyllite. In its southern extension it becomes more
slaty in texture, often with the rift and grain of good roofing
slate. This condition can be seen near the crest of the hill east

“of West Albany.

In Albany this belt contains small erystals of pyrite which
would mar its market value provided its rift and grain were
perfect. The strike of this belt varies from north 35° east to north
40° east and the dip from 65° west to 70° west.

The western belt of slate is separatedfrom the middle belt by the
Coventry phase of the Waits River limestone. It flanks the
sericite schist on the east and appears to be the youngest of the
three belts of slate or phyllite. It is worthless in Albany so far

Prate LXVI.

Differential Weathering of Phyllit

e Schist, Albany.
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as the commercial side of the problem is concerned because of
the many erystals of pyrite which it contains. It is not uncommon
to find cubes one-half inch in diameter. These leave hexagonal
holes in the slate upon oxidation. It splits into very thin slabs
not more than three-sixteenths of an inch in thickness. Its
surface is often reddish in color due to the oxidation of the iron
content.

Its dip is uniformly 75° west save where it is associated with
instrusives. The strike varies from north 45° east to north 60°
east. In the northwestern part of the township this slate is
traversed by a small V-shaped anticlinal valley. This valley is
illustrated by Plate LXVII. The dip of the slate on the east side
is 65° east and on the west side it is 80° west.

INTRUSIVES.

The intrusives in Albany are both acid and basic. They do
not comprise as extensive areas as the similar intrusives in the
northern townships yet they are worthy of mention in this article.

ACID INTRUSIVES.

The acid intrusives consist of granites and pegmatites.
The best representative of the granite areas is found in the north-
western part of the township. It is a part of the same large area
that extends into Irasburg on the north and Lowell on the west.
It cuts the western belt of slate, the sericite schist and apparently
the hydromica schist. It is a light colored granite with the pre-
vailing feldspar orthoclase and biotite far in excess of the mus-
covite. Yet the biotite is not present in sufficient quantity to
give the stone the hue of the dark Barre or Hardwick granite.
It is apparently free fromironand but little sap appears in the
lower part of the granite. The stone will split into slabs of any
desired length and thickness. It would make a valuable monu-
mental and structural stone were it not for its distance from the
railroad.

Another granite intrusive appears in the eastern part of the
township in close proximity to the Glover line. It is flanked
on the one side by limestone and on the other by phyllite. The
granite taken from the eastern side of this outerop has been used
to some extent for underpinning. The grout from these blocks of
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underpinning seems to discolor quite rapidly upon exposure to
the atmosphere. The western side of this granite is valueless
for it weathers to a considerable depth. About one mile east
of the village of East Albany there appears a pegmatite dike
about two feet in width and of unknown length.

BASIC INTRUSIVES.

The basic intrusives in the area involved consist of micro-
crystalline diabases. In some instances however phenocrysts
of hornblende or augite may appear. A diabase area of consider-
able extent is found in the sericite schist directly west of Albany
Center. This rock is green in eolor, extremely tough, and with-
out rift or grain whereby it might be quarried easily. It could be
used to good advantage in the manufacture of permanent roads.

In this same belt of sericite near the town line of Craftsbury
there appears another outerop of diabase, the area of which is
not so large as the one mentioned above. Several other out-
crops no doubt could be found in the wooded portion of this
western belt of metamorphies.

Only one small outerop of diabase was found associated with
the limestones and phyllites.  This is found in the eastern part
of]the township on the west side of the eastern belt of phyllite.

PALEONTOLOGY.

The paleontological evidence in this territory up to the
present time is very meagre. B. K. Emerson of Amherst College
says that many cavities in this region are suggestive of fossils,
but up to the present time nothing has been found that has been
preserved sufficiently to warrant its classification., A diligent
search for fossils was made by the authors of this article in the area
that appears to be the most promising in the cut near the saw mill
at West Albany. A considerable amount of material was collected
for laboratory examination but nothing could be identified with
absolute certainty. The evidences are suggestive of an ortho-
ceras, corals and ecrinoidal stems. It is hoped as more of this
limestone is removed for road material or other purposes less
decomposed areas will be made available for examin ation and that
here type fossils will be discovered,

The erushed graptolites discovered by the first named author
of this article, and later recognized by J. A. Dresser of the Canadian

prare LXVIL

Anticlinal Valley, Albany.
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Geological Survey and still later by Dr. Rudolph Ruedemann,
State Paleontologist of New York, proves substantially that the
limestones are Lower Trenton in their upper beds. The southern
extension of the graptolitic slates of Canada into Albany places
the Memphremagog slates with definiteness as Lower Trenton.

The western terranes while devoid of fossil content have been
traced continuously into Canada where they are recognized
as Upper Cambrian.

The granites were introduced with the Devonian Revolution
for they cut Devonian terranes in Canada. 'Some of the diabases
at least belong to a later period for they cut the granites in certain
localities and may have been as late as the Triassic.

ECONOMICS.

The economic possibilities of the terranes in Albany are lim-
ited on account of distance from the Boston and Maine railroad.
Should a branch road ever connect Newport on the north with
Hardwick on the south it would enhance the value of several
possible products.

The granite in the northwestern part of the town is a part of
the same outerop that appears so extensively in Irasburg and on the
eastern side of Lowell mountain. This light gray granite, with
perfect rift and grain, with freedom from iron, and therefore
weathering well, should ultimately become a source of income to
the town. The granite in the eastern part of the town used locally
for underpinning has not so promising a future on account of the
rapidity of discoloration on exposure to the atmosphere and the
depth to which the sap seems to extend in the stone.

The trap rocks of the western belt of metamorphics would
make most valuable material for permanent roads on account of
its resistance to abrasion and its cementing qualities. The
difficulty with which the stone would be quarried would render it
undesirable for structural work.

The limestones find their field as underpinning for houses and
barns. They are not sufficiently pure or free from iron for the
ordinary uses of limestones. They have however to some extent,
in a project abandoned, been burned for their lime content but this
product will remain unsatisfactory unless it be for lime for the
soil in the noncalcareous areas.

The slates are not sufficiently fissile and free from cubes of
pyrite for roofing slate save here and there in isolated patches. A
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small area of this higher quali ists i
; quality exists in the west
and another in the central belt east of West AI;::nsyem PRICIANR
Gold has been sought for in the white and pyritiferous quartz

veins traversing the limestones and
perielne by nd the slates but never found in

PARTIAL ANALYSES,

There has been some doubt i
: ome - as to the histor -
of .hfnestone e_xtendmg thru the township gf OEEZ;;T%'IPEI?S
g)ﬂﬁ;?;ri mz{:ses it ;}. ILttIe uncertain whether these terranes r;aprese‘::i
nt phases of the Waits River limesto
el s s O er I ne or.whether they were
i net belts in different periods in the Ordovi-
The authors have attem
tempted to throw some light
I[:;-;)tbe!em tl:hru a knowledge of the magnesium cunteri UNPSIZ(EG
analyses were made but the calcium carb . 3
: . onate and the -
:;mtl:fab carbonat'e were determined that the dolomitic char:nc:'gr
) fse Suegg az:f;cim;mdb T‘;e %Jethods utilized in the analyses were
/ y Dr. W. F. Hillebrand, Chemis
Geological Survey, in hi e i
. | v, s work on Rock Analyses. This i
: : N s is o
.begmmng of the analytical work and the data from six analjl .
1s too meager to draw a conclusion. e
The following data shows the result of the investigation

Each set represents th
ne average of tw
tilly S ge of two analyses made from care-

Waits River Phase.

Calcium carbonate (o]

Ma.gneslum Ca.rbonate, 3 68 '/
+ (4]
4 30

Washington Phase.

Caleium carbonate (o]
Magnes:um carbona.‘be, 23 529
t [
Total carbonates, 62.7 29
A o

—
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Coventry Phase.

Claleium carbonate, 29.98%
Magnesium carbonate, 5.409,
Total carbonates, 35.38%

In these results any iron that might appear as a carbonate is
not considered. The limestones differ widely in magnesium con-

tent.
SUMMARY.

The authors of this article made a detailed study of the ter-
ranes of Albany in the summer of 1911; (1)mapped more accurately
than has been done heretofore the underlying strata; (2) shown the
stratigraphic relation of the terranes to each other; (3) proved that
the three belts of Memphremagog slate appearing in Newport
are not continuous thru Albany; (4) proved the Irasburg conglom-
erate at the base of the Ordovician to outcrop as a conglomerate
for a considerable distance near the village of West Albany:
(5) given the paleontological evidence of these terranes so far as
it is known; (6) proved an erosional unconformity between the
latest Cambrian and the earliest Ordovician; (7) shown the econ-
omic possibilities of the mineral products.
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HIGH TENSION TESTING OF VERMONT SLATE AND
MARBLE.*

INTRODUCTION.
WYMAN A. BRISTOL.

The object of this thesis is to investigate as carefully as is
practicable the value of Vermont State Marble and Slate for
Switch Board purposes. It has been found very difficult to obtain
great accuracy because of the variability of the materials, the diffi-
culty in controlling the conditions of tests, and the natural unreli-
ability of measuring instruments on high tension circuits.

Although different investigators obtain widely varying results,
it has been my aim so far as possible to get data that will show the
relative properties of all pieces tested, and to obtain all data under
such conditions as to be of real value in the design and construction
of marble or slate switchboards.

The following statements herein represent the actual exper-
ience of the writer and have been obtained on slabs of sufficient
size to warrant their reliability in application to commercial prac-
tice.

Also it may be well to state that in this investigation no at-
tempt has been made to cover the varying affects of different con-
ditions of test, such as forms of electrodes, mediums surrounding

test pieces, ete.; but to make tests under normal working condi-
tions.

TEsTs.

The tests under consideration are those for the determination
of

1. Ultimate dielective strength.
2. Arcing voltage.
3. Dielective hysteresis.

*Thesis submitted for the degree of Bachelor ot Science in Electrical
Engineering. University of Vermont, June, 1912,
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Prare LXVIIL

Apparatus Used in Making High Tension Tests of Marble and Slate.
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TESTING APPARATUS.

The principle elements to consider under this head are
1. Source of Power.

2. High Tension Transformer.

3. Controlling Apparatus.

4. Measuring Apparatus.

Source of Power. Since it is essential to use a normal sine
wave of constant form and frequency, the writer found it advisable
to use the power directly from the main power station which fur-
nishes the laboratory in which the tests were carried on. This was.
found to be entirely satisfactory, since the wave shape was of the
proper sinusoidal form, and the frequency was maintained constant.
at 60 cycles.

The Transformer. The transformer used was one of 10 K. W.
capacity 220—100,000 volts. This transformer was designed and
constructed by Walter Belding, Geo. Landry and Geo. A. Meigs.
for Thesis in the spring of 1911. For description and data of
same, see above named Thesis in Elec. Eng. library University of
Vermont.

In order to relieve the extreme stress and static induction, the
middle point of the high tension side of the transformer was care-
fully grounded.

Controlling Apparatus. For protecting all measuring instru-
ments against excessive current due to any sudden short circuit or
dynamic are, a grid resistance of about 12 ohms was placed in
series with the primary coil. This was found sufficient to lower
the puncture voltage to a value such that the current remained
under a safe working value.

Also in series with the primary was place a variable resistance
which gave splendid control over the initial voltage, for all values
above 50 volts. For voltages below 50 volts a coil was short
circuited across the line, and the primary voltage tapped off by
means of a slider, giving any desired voltage from 1-110, while:
working with 110 as a maximum.

During the large part of the tests on marble, this latter coil
was disconnected by throwing switch D (see diag. of connections)
over to the left and entire control of voltage was obtained with a
large rheostat E in series with the primary coil. The varying
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rheostat steps were sufficient to give any desired voltage from
110-270.

The main switeh block H contained a fuse to further safe-
guard all apparatus against an excessive current. The switch
was normally held open by a stiff spring to guard against any
accidental closing, when unexpected.

MEASURING APPARATUS.

Obviously the most important measurement during test, was
that of voltage; consequently, great care and study was given to
the obtaining of means such that the secondary voltage could be
very accurately known. The transformer, Plate LXVIII in use

had a test coil which was designed for indicating in constant ratio,
the potential at any instant across the terminals of the secondary,

DIAGRAM.
Fra. 2.

Showing arrangement of apparatus used in high tension tests.

A Sourece of Power 110, 220 or
500 volts as desired.

B Water Tank Rheostat.
C Voltdge Regulator, Drop me-
thod. :

D Double Throw Switch.

E Regulating Rheostat.

¥ Fuse on Switch Block.

H Main Switeh.

I Test Piece.

K Trans. Secondary Terminals,
L Grid Resistances.

First, the ratio between the primary coil and the exploring
coil was carefully determined by plotting the simultaneous values
indicated by one against those of the other. This gave a straight
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Prate LXIX.

Apparatus Arranged for High Tension Tests of Marble and Slate.
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line curve the equation of whichis y —4.47x; v being the voltage
across the primary, See Curve Sheet No. 1. Figure 3.

Then the matter of obtaining the ratio between the primary
and secondary voltages was undertaken in the following manner.

Reference was made here to the A. I. E. E. standard spark
gap voltages and also to the results of Fisher’s investigations as
found in references mentioned under head of Bibliography.

Since Mr. Fisher’s curve of voltage versus spark gap distances
in air, cross the A. I. E. E. curve at the point corresponding to a
spark gap distance of 1.3 inches; he recommends that, for relative
comparison and the rating of any high tension transformer, the
exploring coil voltage be carefully found, which corresponds to the
voltage across the secondary terminals necessary to cause a spark
between the points of sharp needles No. 12, when placed 1.3 inches
apart.

This was done many times under various conditions of atmos-
phere, using new needles for each test. The primary voltage was
measured in place of the exploring coil, since they have a straight
line ratio; and on account of obtaining greater accuracy due to the
larger readings.

CURVE OF PRIMARY
VOLT.

AGE

/ VOLTAGE
June 8, 1912.

T

// Tasre No. 1.

19.0

e e
“
-

j A0

1]
-

Exploring Coll-Volfs

/ %ig

y 27.0
£ 31.0

P 400

7 10

/ 51.8

[

5 il

N\

Curve Sheet No,1

Primary Coil-Volts™
i LA, 280 —k

Versus
7 EXPLORING COIL

/ Exp. Coil. Prim. C.

85
101.5
109.0
120.5,
136.5
154.0
178.0]
194.0)
200.0
225.0.
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n Voltages were also measured corresponding to spark gap
stances of one inch and two inches. The following table shows
the average results of the readings taken.

TaBLE No. 2a.

= i =

5rl.mary00 No. 12 Sharps
1.00

63.5 s )

90.0 2 .00

Accordi-ng to the advice of Fisher, the
" ’ secondary voltage re-
quired to ¢ i
s ause a spark of 1.3 inches was assumed to be 25,000
The ratio between primary and secondary is therefore
o 25,000 =— 63.5 = 394,
s ratio was then multiplied by the pri
; primary voltages 50
fmd 90, corre'spondmg to spark gap distances of 1.00 a?lgd 2.06
L::;cil:fs ;especic:lwe]iy, and these values plotted along with the curves
isher and the A. I. E. E., for the i
; purpose of comparison.
The curve drawn through these points, gives Bristol’s Interpo-
lated Curve as labelled on Curve Sheet No. 2. Figure 4.

Fia. 4.

TABLE No. 2b. SPARKING DISTA
. 2b, NCES I}
L Kilo-Volts  Fisher's AL E. E:}S i INB?igoEl}f’ssinu.
E 20 1.040 1',?153 1035
ga, 1.300 1.300 1.300
I 40 é’.ﬁg 5“2%(5) T
45 2,440 2.950 e
j 50 - 2770 3.550 _
s / : I
1 / £ = 4’
- / e =
~ / = =
b /
e ./
2. A. L E. E. Curve.
/ 1. Fisher's 7
Bristol’s {nterpolated Curve,

/// June 11, 1912,

/ . Curve Sheet No. 2,

4 J" L5

Sparking Distences in Ipches. zn

T 0
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InsTRUMENTS USED,

Ammeters—
Seale 1 Ammeter. Weston  No. 5508
Scale 5 Ammeter. Weston  No. 4465
Scale 15 Ammeter. Weston No. 4798
Voltmeters—
Scale 65 Thompson No. 5508

Scale 150 Weston No. 5316

Seale 300 Thompson No. 132089
Wattmeter—
Scale 500 Weston No. 229021

For voltages above 150 Multiplier No. 11625 was used.
Ratio 3.8. :

MEASUREMENT OF DIELECTRIC HYSTERESIS OR Exercy Loss.

To get the energy loss of any given reading, the watt loss at
open circuit for the corresponding voltage was subtracted from
the watt loss in the reading under consideration.

The justification for this was on account of the extremely
small variation in the regulation of the transformer under such
load variations as apply in the tests; and because great care was
taken to eliminate all possible leakage. The value, however,
herein found and so named dielectric hysteresis, is not intended
to mean absolutely that alone, but rather includes what other
losses there may have been, such as those due static discharges

and leakage.

ARRANGEMENT OF APPARATUS.

The arrangement of apparatus for measurements of dielectric
strength, arcing voltages, and dielectric hysteresis which was found
most convenient and satisfactory, is shown in Figure 2 and Plate
LXVIII.

ConpiTioNs OrF Tests, MATERIALS, TESTING DEVICES AND
GeENERAL METHODS.
CONDITIONS OF TESTS.

In this thesis it has not been my object to investigate the effect
of various conditions of tests; as mentioned in the introduction.
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Therefore all tests have been made in the most normal of working
conditions under which finished switch boards are used. The
slabs previous to tests were allowed to stand in the testing room
after having been warmed and dried beside a large furnace for a
number of weeks. Just before tests they were carefully ducted

and inspected for varitions in color, for defects such as evidences
of mineral matter, and checks.

MATERIALS.

The marble shipment contained 14 slabs 2 ft. x 2 ft. x 1 in.
Seven were white and seven were blue. One white and one blue
bad one side and the edges polished.

The unpolished white marble slabs were numbered W-1, W-2,
etc., and the unpolished blue slabs were numbered B-1, B-2, ete.

For history of test pieces see statement at back of this thesis.

TESTING DEVICES,

As to the testing devices, the writer wishes to call attention
to the form of electrodes and method of holding them in position.
Plate LXIX. The electrodes were turned out of brass to a
diameter of 0.785 inches so as to give an area approximately at
least, of one square inch. The edges were slightly rounded, and
the whole polished with emery cloth and finally with plain cloth
and chalk.

The device for holding the electrodes was about two feet
in length, so as to make it possible to easily place them at any
desired position, on the slab under test. By means of a vise,
the electrodes were held against the test piece with such force
as to hold them firmly in place. The flexibility of the arms
holding the electrodes with respect to the frame, allowed the
electrodes to lie flat against the surface of the test piece.

Since the conditions of the tests were so nearly absolutely
the same throughout all the tests, the results arerelative to one

another and do therefore show comparison between the several
samples under consideration.

GENERAL METHODS.

Test for Dielectric Strength.

In running tests for dielectric strength, three methods were
used,

 E
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1. Instantaneous Tests. Voltage was appliefl at a}aout on(?i
half the puncture voltage and slowly and steadily raised unt;l
puncture occured. Only a few of these tests were taken as m.t
be seen by referring to the data c.»f obser\fatmns, and artre no
especially significant. There was dlf!icultjf- in almost every case
attempted, in getting a test of this kind, since the voltage neces-
sary to cause immediate puncture, generally caused arcing over,
even with electrodes at the center of the slab. .

9. One Minute Tests. Inthese tests, the voltage was brottllg -
quickly up to about 75 per cent of the puncture voltage and etF
constant for one minute; then increa'sed slowly by a sm'all perc:n
age, again held constant for one minute, fmd-so on till p}mc u:e
occured. The aim was to regulate the rise in voltage so as to

i st about five minutes.
contl;“e;‘lil;;e ?It‘,ezg:s).u Beginning with the puncture voltage .for
the instantaneous test, successive tests were made at decreasuilg
voltages, each being maintained constant until puncture occurred.

These were continued on each slab as far as was found des§r—1
able, and it is from these that we get the best a..nd most subst-arg.llat
data with regard to the marble. It was dt}rlng these tests' - ad
the heating effect was so conspicuous,' as is further .mentlo;lj
in explanations of the tables taken during tests on white marble.

TEST FOR ARCING VOLTAGE.

In these tests the same electrodes were placed at vzu-i‘ous
distances from the edge, and the voltage gradually and continu-
ously raised until arcing over occurred.

TEST FOR DIELECTRIC HYSTERESIS OR ENERGY LOSS.

This was obtained by reading the watt meter i_n cor_l]unction
with the other tests, particularly time tests. Dt{nng time tests
all instruments were read every minute and during tr.)he shor:;-ier
tests every half minute and some even as oft.en as every 20 secon sh

The behavior of dielectric hysteresis is discussed later wit
respect to both white and blue marble and also slate.

Resuurs oF Tests AND ExpraNaTioN oF TABLES AND CURVES.

Table 3 gives the data for the magnet'izat.io.u curve and the
Watts loss on open circuit with secondary wires disconnected from
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Fia. 5
the electrodes. It gives the same readings with respect to the one
inch slabs of white and blue marble, and also the amperes versus
volts on the inch slate.  All readings pertain to the primary
circuit and the values of current and watts for marble and slate, s = =
are the averages of a large number of readings. The marble : = ==
values are the averages of all available readings taken. The W gl et e
curves numbered 4 and 5 on Curve Sheet No 3b, Figure 6 shows faé Bl TR
the energy loss; the data of which was found by the method 200 < 4,;:’; it
stated on page 7. b e /, ;‘"J
Tasre No. 3. : /'4; <
S 7 1. Magnetization Curve
OPEN CIRCUIT WHITE MARBLE BLUE MARBLE SLATE R | e = the 220-100,000 volt
Volts Amps. Watts. Volts Amps. Watts, Volts Amps. Watts. Volts Amps. E /5;{/ trﬂmformer. C !
= — — — — Average Curren
3,:: g.; SR el i i SR S ;tg g‘; :‘ 1 7 CuweforWhi%eMMblc-
VIRt e, ey D, o 50T P | { = Avneae L CRR
4 Curve for Blue Marble,
S I, L 6.1/1:2.0 e 7 1 9. Average Current
DL o oo Ak B 3y H Pl / ~ Curve for Slate.
BEDROE g i 9.3 4.1 / | Curve Sheet No. 3a.
5 et B C el 10.5 4.. e 7 | June 8, 1912,
98.0 0.08 ...... 130.  1.07 1.48 e / i
12810 10956 2o 140 1.16 1.56 1.20 1.76 ; 3
150.0 1.10 152. 150. 1.29 1.89 1.22 1.94 S L
170.0 1.20 200. 160. 1.44 2.18 1.42 2.32 Frc. 6.
180.0 1.38 220. 170 1.55 2.4 1.55 2.58 &
190.0 1.52 239. 175. 1.56 2.68 £
200.0 1.69 262. 180. 1.80 2.96 S
210.0 1.83 289.  185. 1.78 3.12 % 5
220.0 2.03 315 190. 2.00 3.38 1.92 3.38 : b
230.0 2.30 342 200 2.50 oy .
240.0 2.68 376 238 LAY N0 Ay N ey e S 3 //
250.0 2.93 ...... 4B L Wi b B AT WD Wl b i i) b3 Eoppr=—
BB BB e e R s | 16 B
Ll / | —a—
r i /_ ! /’ '4-;-3‘#”’ )
2. ’-' e I WATTS V8.
o Saaa /// = Av?&?ﬁ.EngTs for
5 i 1. Open Circuit.
A l / e 2. Whits Marble.
I3 3. Blue Marble.
i Dielectric Hysteresis
£ 3 4. for White Marble;
S 5. for Blue Marble.
£ June 10, 1912.
Q Curve Sheet No. 3b.
. Watts Hysterisis Loss
B el o ou e mmo e
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It is significant to notice that the power factor is quite dif-
ferent on blue and white marble. By reference to Curve Sheet
No. 3a, Figure 5, it will be seen that the blue marble takes a
smaller current than the white, while Curve Sheet No. 3, Figure
6, shows the opposite with respect to the watts loss.

It is also interesting to notice the straight line curve of the
amperes with the slate as compared with those of the marble.

ARCING VOLTAGLS.

Table 4 shows the data of observations of arcing voltages
on white and blue polished and unpolished marble. The writer
was somewhat surprised that the slabs which were polished on
one side did not show greater effect on the arcing voltages. It is
also interesting to note that the distances were greater on the blue
than on the white which seems strange in consideration of the
sameness of conditions and methods of tests.

SLATES.

Table 5b shows two tests on slab No. 1.  Every heavy line
below a number of readings, indicates the condition when the
voltage suddenly dropped and the current suddenly went up.

Numbers 1 and 2 indicate the position of electrodes for readings
recorded below.

TapLE No. 4.

Kilo—Volls—vs—Arcing Distanees on Marble.
Unpolished White Unpolished Blue

Length Length

Volts Kv. of are-In. Volts Kv. of are-In.

107 42,

G 2.8 106 41.8 3.0
125 49.3 3.6 135 53.2 4.4
141 55.5 5.0 136 53.6 4.6
145 . . 67.1 5.9 142 56.0 5.5
150 59.1 6.5 149 58.7 5.4
181 .,63.5  T.¥ 163 64.3 8.3
170 67.0 9.4 166 65.4 8.0
175 69.0 9.9 175 69.0 9.8
196 77.2 111 190 74.9 11.6
23¢ 92.2 18.2 216 85.1 17.3
250 98.5 25.0

————— -
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Polished White Polished Blue
3.3
8 46.5 3.1 110 43.4
114 51.8 4.6 126 49.7 4.2
155 61:1 6.0 149 58.7 6.3
168 66.2 7.4 157 61.9 8.8
181 70.4 9.3 177 69.8 10.3
198 78.0 12.0 190 74.9 12.6
206 81.2 15.0 ;
Fic. 7.
108 1 i 1 [
l =
9k "'/-.
. ] % ot
Broem
s K
s 55t
A CURVES OF ARCING
S0 VOLTAGES
£ 7 —  Unpolished White
$ y { arble. y
1= » — — — Polished White
< / Marble.
= . — — Unpolished Blue
Marble.
rn o0 — — — Polished Blue
Marble.
% 3 June 8, 1912.
o Curve Sheet No. 4.
¢ :
A e 13 (¢ Arcing Distances in Inches 30

Table 5b. Explanation of letters on table. -

A—Regulating rheostat remained in the same po?.ltlon for
about four minutes and the current produced a cooking effect
which seemed to cause a greater dielectric strength and at the same
time a decrease in current. oot

B—The voltage was maintained at 15 volts by cutting in
resistance and the current still went down. 'Ijhen the voltage
was allowed to rise and after it had stopp.ed going up at 20, :1;;
attempt was made to raise voltage by cufting out resistance w1
regulating rheostat.
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All that needs explanation on Curve Sheet No. 5, Figure 8,
is that the curves 2’ and 3’ represent the behavior of tests on second

runs, with electrodes in the same position; taken immediately
after a sudden drop in voltage.

It is interesting to notice the increase in dielectric strength,
and the increased acceleration of current on breaking down,
during the second tests, as compared with the first.
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WHITE MARBLE.

Table 6 contains the data taken on the three slabs of white
marble; which were tested namely W-1, W-2, and W-4.

A—refers to a test which was run over a place unusually
free from any discoloration and therefore exceptionally white,

B—had the appearance of being still whiter than that of A,

_and also was exceedingly white over a large area surrounding the
electrodes on either side.

The letter P indicates puncture.
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TasLE No. 5A.

Obserrations on Slate Slab No. 1.

Thickness—1.03 inches.

v i No. 2. Pri
Voits. Pﬁ'g};s, $§1Q.' P:g{m Fokin: _Astes:
0.4 22.56 1.0 4 O.z
0.7 23.0 1.6 5 1.5
1.0 23.5 2.0 6 -
1.3 19.5 0.2 7 g;
2.0 25.0 3.0 8 2
2.65 28.0 4.4 9 o
273 30.5 1.0 10 :(;
.65 32.0 1.5 11 5 5.[
.30 33.0 4.5 10.5 4-3
.60 30.0 1.0 10.0 g
2.0 34.5 Up 9.1 4.3
1 26.0 .0 8 ?:;1
1 34.0 Up 7 :
15.0 D 6 2.5
5 2.0
- 4 1.5
- 3 1.1
, 2 0.7
Tasre No. 5B.

Observations on Slate Slab, No. 2, Thickness"0.54 inches.

Also on Slate Slab No.3
Thickness 2.

i Prim.
Vlg?t‘a.a.;\m‘ Volts. Amps.
.6 5.5 0.6 3 1,2
0 7.0 1.0 ‘% 8
.7 9.0 1.2 5 l,é
2 10.0 1.6 6 21
: 11.0 1.9 7 2.8
P
6 12.0 2.4 8.1 3.4
6 13.1 3.4 9.0 4.1
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15.0 0.7 14.0 4.0 A10.1 4.8
13.0 0.5 15 4.5 10.0 4.4
14.0 1.0 a

15.0 1.2 g'g :ég
16.0 1.3 B15.0 4.22
7.0 1.7 15 2.6
27.0 up 15 1.5
10.0 6.9 18 2.2
17.0 3.0 20 3.0
2.0 1.7 20 20
34.0 1.4 C20 1.0
33.5 1.0 20 1.6
27.5 0.5 20 2.2
34.0 2.0 10 50
10.0 6.9 '

C'—indicates a position where the electrodes were over a
streak in the marble which contained dark colored foreign matter.

COOKING EFFECT ON WHITE MARBLE,

D—During test labelled D, there was a remarkable heating
effect. A mottled glow area formed around the electrode about
two inches in diameter and the corona was much less in evidence.
This cooking effect, which is thought to be due to moisture,
caused a greater dielectric strength, as was the case with the slate.
The effect was, however, much less pronounced. During the pro-
cess of the test, the glow area at first grew until it had a diameter
f’f about three inches. Then the area grew less and the current
increased for a short time previous to puncture. This was an
exceptional case, and showed to a marked degree the cooking
effect on white marble; which was much in evidence during all
white marble tests. Even the instantaneous tests, showed the glow
area and mottling effect for a few seconds previous to puncture.

|
l
|
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W-1 was a remarkably strong piece with reference to its di-
electric qualities. This is seen from the fact that it stood up
under the highest of all tests, namely, 104 K. V. for thirty seconds.
This showed the strength of the piece, while the next test shows
quite as remarkably, its wonderful toughness. It was noticed
that before puncture occurred, there seemed to be a general
breaking down all over the whole area of the slab. This showed
itself in the growing brilliancy, of a very large number of fine
points to which the ends of the brush discharge directed themselves.
The truth of the general breaking down over the whole slab was
perfectly shown by the tests which followed. Even as low as
60 K. V. would cause an almost instant puncture and every test
following the second, showed distinctly the fine points where
the dielectric strength had been broken down.

TasLe No. 6.

Observations on White Marble.

No. W-1Thickness-0".95,
Secondary Time
Puncture in.

No. W-3 Thickness—1."00.
Prim. Secondary Time
Puncture in.

No. W-4 Thickness-—-0".96.
Prim. Secondary Time
Puncture in.

Volts kilo-volts Min, Volts kilo-volts Min. kilo-volts Min,
238 93.8 1.5 258 101.7 0.2 104.0 0.5
194 76.5 2.6 190 74.9 2.5 78.8 9.0
180 71.0 3.8 170 67.0 3.3 AB7.0 2.0
170 67.0 4.4 160 63.1 3.5 65.1 0.3
1656 65.1 5.3 150 59.1 4.9 63.1 0.4
160 63.1 7.5 1507 591 3.0C
160 '63.1" o7 140 55.2 8.3
156 61.5 4.0 135 B53.2 9.0D
155 61.1 10.0A 130 51.3 10.0
154 60.7 15.7B
150 59.1 6.0

Minute Tests Minute Tests Minute Tests

Secondary Time Prim. Secondary Time Prim.

Secondary Time Prim.
in.
kilo-volts Bec. Amps.

n. m.
kilo-volts Sec. Amps. kilo-volts See. Amps.

10 0 701 0 1.756 5.1 0 1.35
74.9 60 2.12 74.9 60 2.05 63.1 60 1.60
78.9 120 2.85 78.8 120 2.55 67.0 120 1.92
78.9 145 Puncture 78.8 140 Puncture 67.0 166 2.50

67.0 0 1.56
70.2 60 1.72
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Dielectric Hysteresis vs. Time
] on W-1 at 67.0 kv. (a)
Prim. Amps. Prim. Watts Hys. Watts Time

73.4 120 1.98

76.5 180 i

76.5 205 Punecture 137
69:1 0 1.21 1.72
62.3 60 1.31 1.73
65.6 120 1.44 1.78
88.6 180 .... 1.85
72.5 240 1.80 1.87
75.7 300 2.05 2:16
75.7 350 Puncture

POLISHED MARBLE.

o

BEE8gR R
~ ~J 00 ~]wPE

43

47
91
95

125
215

20"
40!!
60”
80”

1 m!’

120"

It is plainly evident from the results of the tests on polished
marble, that the blue is far better for insulation purposes, than the
white. Notice the increased starting amperes on the white as well
as the greater dielectric strength of the blue.

TarrLe No. 7A.

Observations on Blue Marble.

No.B-6 Thickness-1"06

0.
Hys.

55
51
55
5D
59
59
62
62
65
70
92

18
14
18
18
18

Prim.  Secondary  Time Prim.
neture in

Volts kilo-volts Min. Amps, Watts  Watts

246 92.0 0.5 1.56 266

210 82.8 1.0 1.55 262

190 74.9 3.2 1.56 266

175 69.0 6.0 1.56 266

170 67.0 4.5 1.57 266

160 63.1 4.5 1.57 270

150 59.1 9.2 1.60 270
1.61 273
1.62 276
1.65 281
1.78 303
2.00 Zi
Also at 59.1 Kv.
1.14 186
1.14 182
1.13 168
1.18 186
1.13 186
1.17 186

18

Dielectric Hysteresis va. Time
on B-6 at 6.90 k

Time
in
Min.

CmmommoOmowns oo

SO o 00

RN O
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1.22
1.22
1.25
1.50
1.70

TasLe No. 7B

190
190
194
224

Observations on Blue Marble.

No. B-5 Thickness-1".02

Prim,

Volta

210
185
170
168
170
165
160
150

Secondary  Time
Puncturs in
kilo-volts Min
82.7 1.0A
73.0 3.5
67.0 3.9
66.2 4.0
67.0 b.1
65.1 6.0
63.1 6.1
59.1 9.3
Minute Tests,

‘Secondary Time Prim.
in
kilo-volts Sec. Amps Watts,

55.2

28289888
e RO B e

B Al Ll gl
BASREBESELHEES

Prim.

190
209
228
247
285P
182
194
209
228
247
Puncture

EEIN

Dieleclric Hystesis vs, Time
on B-5 at 67.0 kv. Time

Prim,
Amps.

.45
.47
.50
51
55

e e b b e

92

Lo=R =N R =2

213

Prim., Hys. Tii:;m

Watts Watts  Min,
266 B4 0.
270 68 s 52
281 79 2.
285 83 3.
287 85 4,
319 117 5.
346 144 5.1P

also at 63.1 kv.
239 55 0
236 52 1
236 52 2.
239 55 3.
243 59 4.
251 67 5.
217 93 6.

6.1P
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TasLe No. 8.

Observations on Polished Marble.
Blue Thickness-1+.01

Prim. Secondary Time Prim, Prim,
Puncture in Btarting  Starting
Volts kilo-volts  Min. Amps, Watts,
205 80.8 2.2 2.3 570
200 78.8 2.5 2.0 et
180 710 8.2 1.65 387
180 71.0 6.5 1.70 389
174 68.5 8.0 1.55 262
170 67.0 11, 1.55 241
White Thickness-0r".02
180 71.0 0.5
170 67.0 0.8 2.00 342
170 67.0 0.3 1.80 296
160 63.1 0.8 1.70 266
155 61.1 1.5 1.55 247
150 59.1 2.5 1.30 201
145 57.1 2.75 1.30 201
140 55.1 4.00 1.20 177

The table also shows the variations in Watts on the two
different colored slabs and when it is remembered that for any
given voltage, the open circuit Watts to be subtracted in order
to give the energy loss, are the same in both cases; it can be easily
seen what a large increase in energy loss there is with the white, over
that of the blue,

THE ELECTROSTATIC FIELD.

This topic can hardly be classed as the results of tests but
for want of a better place, is put in here at the end of this chapter.

This phenomenon was exceedingly interesting and decidedly
spectacular at times. The coronas or brush discharges were truly
beautiful under the higher voltage tests, and they covered in
general an area proportional to the stress applied. Under a
stress of 100 K. V. the field covered practically the entire slab.

During most of the tests there was a very brilliant corona
which remained very nearly fixed, taking a form which apparently
was an indication of the natural characteristics of the portion
of the slab under stress. These relatively fixed lines were acecm-

L — —
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panied by the ordinary flashing and changing brush-like corona.
Because of the low maximum stress applied to the slate very

little corona was noticed.

Fic. 9.
= Puncture Voltage vs. Time.
|\ 1, W4
\ ‘ 2 W3
\ { o W-1
» Hys. Watts vs. Time on W-1 at 67-Kv.
u \\ on B-5 at 67 Kv.
\ June 11, 1912.
N / <l (8 Curve Sheet No. 6
hs \! N
\ \\‘ / J + ¢+
N ~J
: \\4# A ;
" ‘\\ / %
tde / ~~lz L2554
£ / e
-;———74"_"_--__"—--_—‘
T
2 " 2 T Fa & &
] 2 4 £ & P g q o 11 Minutes. IS

BLUE MARBLE.

7-a—The table needs no explanation other 'than to call
attention to the fact that all readings recorded therein were taken
& Slil—)bB—‘%he A indicates an instantaneous test w_hi_c}? took ap-
proximately one minute to puncture, but since the initial voltage
was so high, it was placed along with the puncture voltage versus
tlmer}tr: lxiiiner in which the two one minute tests check one
another, is worthy of notice. Asto the curves on Curve Sheet
No. 7, figure 10, the small variation between the two puncture
voltage curves, is noticeable .

The (a) before the 67 K. V. reading, simply shows the test
during which the readings for the table at the bottom of the page,
Dielectric Hysteresis versus Time, were taken.

The curves on Curve Sheet No. 6, figure 9 are self explanatory.
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CoNCLUSIONS,
DIELECTRIC HYSTERESIS LOSS,

In summing up the results of the tests, the writer wishes to
femphasize the general phenomena of what he has termed “cook-
ing.” The significant fact is that it has been noticed, to some
faxtent at least, during practically every test. The best example
1s obviously that of the slate. The fact that the slate first acts
as a conductor, then after the dielectric leakage or heating effect
has had time to act on the condition of the test piece it takes over
the properties of a dielectric, and after its dielectric strength
has grown it breaks down in somewhat the same manner as white
marble; is certainly an interesting sort of behavior,

Then by making a general comparison between the manner
or 1"ate of increase of the energy loss in the various tests, one can
easily see that the loss does not vary as the time of duration of
test (see Curve Sheet No. 7) figure 10, but more according to the

Fra. 10.
3
125
N1/
\\
m\e\\ / |
r :>< : | Punctur;‘ i\;;ltage V8.
s ,{ A 7/ % 1. B6
S 2. B-5
o]
4 =~ Hys. Watts vs. Time
= ‘ ViRE [ 3 on B-6 at 69,0 [Ky.
~ | —] s LR 1 B (2
2 6 on B-5 at 67.0 Kv.
E 4 ot S 1 8 T
3 Junell, 1912,
S =
e L1 Curve Sheet No. 7.
35

o 7 La

Minutes

- ——— —— i ——

|
i
l
1
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strength of the electrostatic field. This fact makes it evident
that it is not the heating that has caused the ultimate rapid ac-
celeration of current before puncture, but rather a real breaking
down of the natural molecular forces which go to make up what we
term a dielectric.

However, in the ‘‘cooking” of the white marble the effect pro-
duced, whatever was its nature, tended, as in the case of the
slate, to raise for a time its dielectric strength.

As has already been mentioned, the ‘‘cooking” effect on the
white marble was also plainly visible, whereas in the case of the
slate and blue marble, the effect has been only known by the results
of tests as shown by the readings.

The conclusion in regard to the ‘‘cooking” of slate, is that the
weakest places break down first, probably due to heating and
cause an apparent short circuit. Then as it is allowed to cool,
the liquid which was precipitated, hardens and the dielectric
strength is increased because this precipitate evidently is a good
dielectric, when cool; and relatively speaking, a good conductor
when hot.

Fre. 11.
100
20
rd \\
Ao £ nf/:
. R %z POLISHED MARBLE
. 1" v // e Punct. Voltage vs. Time
f"\ Sl 1. On White
o) W s e 2. * Blue
A
\ ,/ Starting Amps. vs.
< 2 . Kilo-Volts,
fid
| S 3. On White
5 4. “ Blue
‘: June 11, 1912,

Curve Sheet No. 8

z Starting Amps. . |
L 2 3 FIRRNY <2 I A9 Lo 042 I3 Minutes
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The only evidence of the effect on the blue marble, was the
slight decrease in current and watts, during the first minute’s ap-
plication of the stress. This decease was also accompanied by a
corresponding tendency toward a higher voltage, which of course
was maintained constant by means of a regulating rheostat. The
effect was so very small, that at first, it was thought to be due to a
fluctuation in the line voltage; but on careful investigation it
was found to be in evidence, in practically all the blue marble
tests.

The only conclusion which can rightfully be drawn in regard
to the slate as a dielectric is, that it falls far below marble. Since
only one variety was tested no comparison can be made except as
regards thickness; and in this manner one is surprised to note that.
dielectric hysteresis watt loss increased with the thickness.

The work of this thesis naturally suggests new fields, and fields
here but slightly touched upon, namely :

1. Power factor on various kinds of slate and marble.,

2. Puncture voltage versus thickness on marble.

3. Further study of dielectric hysteresis and the *‘cooking’” -

of slate.

4. The stress distribution around electrodes.

5. Center of gravity of stress distribution with electrodes
on same side of test piece.

It is expected that the whole subject will be pursued further
during the coming year, at the University of Vermont.
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INTRODUCTION.

_ The slate belt of eastern New York and western Yermont
lies between the Taconic range on the east and Lake Champlain
and the Hudson on the west, and chiefly between the Hoosic Ilijive
one of the eastern tributaries of the Hudson, on the south aﬁd thr
towns of Benson and Hubbardton in Vermont. on t.h’e northe
a stretch of about 55 miles; but slate is said t0’ continue as fa;
north as Cornwall, making an extreme length of 68 miles. As
léowevet:, th‘Od slate. is hardly obtainable south of Shusho;1 anci
4 ;Iiei:x;rll;; 1_1,1;1:5‘:_1?19;3];]1gt0n County, the actual length of the slate

T_he slates are green of various shades, purpl i
(that is, mixed green and purple), red and &Istl)) bll;:fi. Va’i?lt:eg;t:fé

*A thesissubmitted for the degree of Bachelor of Seien

ing. University of Vermont, June, 1912, SeIBSvil Sokbers

——
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used for roofing and other purposes. The value produced n
Vermont amounts to about one-quarter of the entire slate produce
of the United States.

While the slates of Vermont and those of New York are
quarried in the same vicinity and are difficult to separate, this
thesis deals primarily with only the Vermont slate. We have
received a few specimens of the New York red slate, however,
and these we tested along with the others for comparison.

The best-known and largest slate region in Vermont is that in
Rutland County west and a little south of the marble area. It
is not more than half as long and twice as wide as the latter.
Tt extends from West Castleton through the towns of Fair Haven,
Poultney, Pawlet, and ends in Rupert. There are about fifty
companies now operating and not far from a hundred quarries
in this region.

The other slate belt is mostly in Washington County, though
it runs south into Orange County for a short distance. Its
chief center is at Northfield where the black slate exists, but not
any of the quarries in thisregion are being worked at the present
time.

During the past two years the slate industry has been some-
what irregular. Although on the whole the sales of slate of all
kinds have been larger than at any previous time, this is not wholly
due to increased quantity of slate sold, but in part to higher prices
received. The total sales in Vermont now amount to nearly
$£2,000,000 annually. While the sales of Pennsylvania are more
than twice as great, no other state at all equals our own in this
respect; Maine, which is next only producing one-eighth as much.
About eighty-five percent of the total producion of the state is
in the form of roofing slate, this being by far the more important
part of the industry.

A greater part of the slate quarriedin the United States is for
roofing purposes and is put on the market and sold by ‘‘squares,”
a square meaning a sufficient number of pieces of slate of any size
to cover 100 square feet of roof allowing a three-inch lap. The
sizes of slate in a square vary from 24x16 inches to 9x7 inches,
and the number of pieces necessary for a square varies from 85
to 686, according to the size of the pieces.

The ordinary price varies from $3.50 to $10.00 per square
f. 0. b. at the quarries and depends on the quality, color, size
thickness, smoothness, straightness and uniformity of the pieces.
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Some of the inferior slate, which is mottled or ribboned, sells
as low as $2.50 a square, but specially prepared slate, with pieces
carefully selected with regard to color, extra thickness and size
and extra cutting, sells as high as $30.00 per square.

In this thesis we shall deal only with the roofing slate and will
follow the procedure of Mansfield Merriman in his tests on Penn-
sylvania roofing slate for convenience of comparison in strength
and weathering qualities. As far as we have been able to dis-
cover in our research work no other standard tests on roofing
slate have been made. Our object then is to obtain an average
value for the different tests, to compare the values and interpret

the results, noting any peculiarity in the behavior of the specimens
while being tested.

TABLE 1.
Mark on Dist. be- Width of Thick- Breaking Modulus  Deflection
Bpec. tween slate, ness of load, of rupt-  reading at
supports, inches, b glate, pounds, W ure, beginning,
inches, 1 inches, d inches
Al 12 8 0.25 145 5220 1.25
A2 12 8 0.22 79 3670 1.22
A3 12 8 0.22 129 5995 1.22
A4 12 8 0.22 1.22
Ab 12 8 0.22 109 5070 1.22
A6 12 8 0.19 107 6670 1.19
5325
Means—
Bl 22 12 0.16 71 8135 1.15
B2 22 12 0.25 114 5016 1.25
B3 22 12 0.19 70 5445 1.19
B4 22 12 0.22 118 6705 1.22
B5 22 12 0.22 82 4660 1.22
B6 22 12 0.19 102 7775 1.19
6290
Means—
C1 22 12 0.16 65 6980 1.16
D1 22 12 0.19 79 6020 1.19
El 18 10 0.22 129 7200 1.18
E2 18 10 0.25 70 3027 1.22
5115

—— g ——  ——~— (s
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= 118
18 10 0.22
g]i 18 10 0.25 110
H1 18 10 0.25 124
18 10 0.19 114
?1 18 10 0.19 105
J2 18 10 0.19 118
J3 18 10 0.22 162
J4 18 10 0.22 85
J5 18 10 0.22 84
J6 18 10 0.19 85
Means—
K1 18 10 0.25 212
K2 16 10 0.22 90
K3 16 10 0.25 191
K4 16 10 0.25 221
K5 16 10 0.28 185
K6 16 10 0.28 187
e 302
0.28
11 16 12
L2 16 12 0.25 180
L3 16 12 0.22 118
14 16 12 0.22 167
L5 16 12 0.22 155
L6 16 12 0.22 163
: 3 . Breaki
Mk on  Dist b B o m‘“"’”‘,u w
Bppo. supports, inches, b inches, d pounds,
inches, 1
Means—
i Weight Weight
Deeion Do, Mo hege N
ru t;:.ra,“ glmef_linegr;n gifc?i]::-E ;‘;sms grams
in
A1 1.0 015 3,340,000  42.49 ggAg;
A2 1.15 0.07 5,730,000 52.07 21.43
A3 1.07 0.15 4,360.000, 33.56 3 :
Ad : P e e 34.84 22.2
AS 1.12 0.10 5,525,000 54.21 g; gg
A6 1.10 0.09 9,375,000 46.32 %
5,666,000

6580
4755
5361

8525
7860
8825
9035
4735

6360
6915

2.74
2.77
2.76
2.78
2.7
2.77
2.77

223

[
[T I
[ SC =

B o e e
cRBRBRBNGE5

st
RNERER

it bl e s
BRERER

Deflection
read

beginning
inches

Weight_af-
ter drying
24 hrs. at
1

degrees F.
37.5
67.09
50.40
69.21

74.21
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Means—
Bl 0.8 0.35 10,980,000 57.42
gg 110 0.15  10800,000 46 57 gg:gg 3:?3
B3 075 0.44 5,150,000 39.24 2520 2 .81
0.98 0.2¢4 10240000 3468 2223 279
B5 095 027 6,325,000 40.60 26.08 2.79
B6 0.8 0.33  10,000000 56.19 3595 279
8,916,000 2.79
Means—
Cl 080 0.36 9,700,000  39.06
DL 0.93 0.26 9840000 37.54 iii?s’. g'gg
El  1.02 0.16 11020000 4322 27.80 280
E2  1.10 0.12 5440000 38.67 248 279
8,230,000 2.80
Means— :
FI  0.90 0.29 5,560,000  46.69
Gl 099 023 4,460,000 49 20 gria:?g 3:32
B . o
xﬁﬁ?t %%%% ?ﬁ?‘ i
Zupture, icity, E grams grams %
HI 1.06 0.16 7,225,000  67.45
I 100 0.16 15100000 4513 ;g'g? 5'33
JI 096 020 11,120,000 2550 1650 2.3
J2 114 0.13 10250000 47.65 3045 283
J3 099 0.23 9,630,000 29.96 19.30 281
4  1.05 017 6,830,000 41.03 2638 2.81
J5 115 0.07 16400000 4220 27.45 2.83
J6  1.01 0.8 10020000 90.75 58.30 2.79
.......... .. 12,208,000 s U
Means—
K1 1.06 0.19 10400000 65,02
K2 1.01 0.20 4325000  56.57 :ig : gg 33(11
K3  1.07 0.17 7,360,000 5472 3592 281
K4 1.09 0.15 9,650,000 41.81 26.86 2 80
K5 114 013 6,640,000 48.08 30.90 2.80
K6 1.03 0.2¢ 3660000 3573 22.08 280
Vil 7obenoe’ 0w e 2.80
Means—
Y LYE T 034 8,390,000 54.20 34
12 1.05 020 4910000 4699 go,'gg g';g
L3  1.00 0.2 4,300,000 55.85 35.91 280
L4  1.03 0.19 7,050,000 27.07 17.48 282
L5 104 018 6,910,000 2756  17.73  2.80
L6 098 024 5,440,000 3146 2035 283
it 6,167,000 2,50

51.09
95.68
50.24
67.42
36.30
67.41

51.20
44.18
65.82
48.52

109.79

55.99
85.06
78.19
50.12
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Means—
Weight ai-
ter being
imme;
24 hrs. in
water grams
Al 37.90
A2 67.57
A3 50.82
Ad 69.80
Ab 85.26
Ab 74.85
Means—
Bl 51.75
B2 96.27
B3 50.70
B4 68.12
B5 36.82
B6 68.12
Means—
C1 51.81
Weight af-
ter being
rmme!
24 hrs. in
water, grams
D1 44.63
El 66.45
E2 48.94
Means—
F1 48.
Gl 48.
H1 92.
I1 67.
J1 63.
J2 54
J3 86
J4 61
J5 80
J6 81

27222388 BES

Per cent.
water ab-
sorbed in
24 hrs.

ceocococo
ARERERE

e Py e
PEEREES

1.19

Per cent.
water ab-
sorbed in
24 hrs,

grams
1.02
0.96
0.87
0.91

SGooeR S oET S
SEIAB2RCERS
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Weight after Per cent.
63 hrs. in weight lost
acid and dried in 63 hrs.
for 2 hrs. in in aecid
laboratory,

grams
42.07 0.99
51.91 0.30
33.43 0.38
34.70 0.40
54.02 0.35
46.20 0.26
..... 0.45
57.01 0.71
46.39 0.39
38.93 0.79
34.50 0.53
40.39 0.52
56.03 0.29
..... 0.54
38.93 0.33
Weight after Per cent.
63 hrs. in weight lost
acid and dried in 63 hrs.

for 2 hrs, in  in acid
laboratory,

grams

37.50 0.11
4317 0.12
38.64 0.08
..... 0.10
46.64 0.11
49.16 0.08
67.14 0.46
45.01 0.26
25.44 0.24
47.24 0.86
29.90 0.20
40.90 0.32
90.63 0.13

.35
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Means—
K1 98.10 0.71 65.92 65,88 0.06
K2 87.03 0.83 56.57 56.54 0.05
K3 107.69 1.26 54.72 54.58 0.26
K4 61.33 0.89 41 .81 41.77 0.09
K5 71.40 0.65 48.08 48.04 0.08
K6 62.25 0.81 35.73 35.61 0.34
o AR 880 . 00 SR 000 R 0.14
Means—
Weight af- Per cent. Weight Weight after  Per cent.
ter being water ab- before 63 hrs. in weight lost
immersed sorbed in immer- acid and dried in 63 hra.
24 hrs. in 24 hrs. sion in for 2 hra. in in acid
water, grams acid, laboratory,
grams grams
L1 110.27 0.44 54.14 53.68 0.85
L2 81.11 0.52 46.99 46.92 0.15
L3 56.35 0.64 55.85 55.84 0.02
L4 85.67 0.72 27.07 27.05 - 0.07
L5 78.87 0.87 27.56 27.54 0.07
L6 50.53 0.82 31.46 31.42 0.13
sl gk BEO0E | emess o bimeres 0.21
Means—

The A slates were obtained from Norton Bros., Granville,
New York; they were described as sea-green slates. The B slates
were No. 1 sea-green slate, from the Rising & Nelson Slate Co.,
West Pawlet, Vt. The C slate was No. 1 sea-green, Griffith &
Nathaniel, Poultney, Vt. The D slate was No. 1 purple vein, Gri-
flith & Nathaniel, Poultney, Vt. The I slates were genuine north
vein, unfading green, No. 1 grade, New England quarry, Matthews
Slate Co., Poultney, Vt. The F slate was hard vein clear purple,
No. 1 grade, Empire quarry, Matthews Slate Co., Poultney, Vt.
The G slate came from the same company and was eagle vein,
unfading red, No. 1 grade Quarry Eagle. The H and I slates were
also from the same company; the H was national vein unfading
red, No. 1 grade, National quarry; the I was hard vein, variegated
green, No. 1 grade, Empire quarry. The J slates were from
the Rising & Nelson Slate Co., West Pawlet, Vt., No. 1 unfading
green. The K slates were No. 1 unfading mottled green and
purple, from the same company; the L slates were No. 1 red also
from the same company. Hearty acknowledgements are due to
the companies named for supplying the samples of slate used.

The G, H, and L slates were New York slates, which we
tested with the Vermont slates for purposes of comparison.

P e N S E————

Prate LXX.

Apparatus for Testing Strength of Marble and Slate.
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METHOD OF INVESTIGATION.

It was purposed in investigating these roofing slates, to
experiment as closely as possible upon those properties which
are called into service in resisting the stresses to which they are
subjeet, and upon those qualities which either assist or resist the
disintegrating action of the atmosphere and weather. The strength
and toughness of slate are important elements in preventing
breakage in transportation and handling, as well as in resisting
the effect of hail, or of stones maliciously thrown upon the roof.
They are also brought effectively into play by the powerful
stresses produced by the freezing of water around and under the
edges. Porosity, on the other hand, is not a desirable property,
for the more water the slate absorbs, the greater the disintegrating
action when it freezes and thaws. Density is a quality of value, for
in accordance with a fundamental principle of the science of the
resistance of materials, the greater the specific gravity of one
of several similar substances, the greater is its strength. Hardness
may or may not be a desirable quality according as it is related
to density or to brittleness. Lastly, corrodibility, or the capacity
of being disintegrated by the chemical action of smoke and of
fumes from manufactories, is certainly not desired in roofing
slates.

The investigation was undertaken primarily to discover
the qualities of Vermont roofing slates in a scientific manner.
Some samples of the red slates of New York State were also in-
vestigated as noted elsewhere. In order to carry out such an
investigation, such tests were selected as seemed likely to be both
precise and simple, and of such a character that quantitive results
concerning each of the properties investigated could be determined.
These results are given in Table I for a number of specimens,
and they will be discussed and compared with the view of ascer-
taining the relation between the different properties. Plates
LXX and LXXIT show the principal apparatus used.

The pieces tested varied in size. (See Table 1 for details of
length, breadth, thickness, ete.; the length in each case was
two inches greater than the distance between supports.) All
specimens of the same kind of slate from the same quarry were
marked with the same initial letter, followed by the number of the
specimen. These letters and numbers were kept upon the speci-
mens and their fragments throughout the different tests, thus
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enabling the different properties to be compared for each indi-
vidual specimen.

Strength. The transverse or flexual strength of the slates
was selected for experiment because of the ease and accuracy
with which the tests can be made, and also because such stresses
are brought upon it in actual use rather than those of pure ten-
sion or compression. The pieces were supported in a horizontal
position upon wooden knife-edges such a distance apart as the
length of the slates permitted, and then loads were placed upon
another knife edge half way between the supports. This load
was applied by means of sand running out of an orifice in a box,
at the uniform rate of 70 pounds per minute, and by the help
of a mechanical attachment the flow of sand was stopped at the
instant of rupture. The slates were always placed upon the sup-
ports, so that the beveled edges were on the lower side. As the
load was increased, the deflection of the slate could be observed
upon a scale and the ultimate deflection recorded.

The strength of a beam or plate broken in this manner is
indicated by the modulus of rupture which is the computed hor-
izontal rupturing stress on the upper and lower fibres, and is
intermediate in value between the ultimate tensile and compressive
strength. Let W be the load in pounds which causes rupture
when applied at the middle, let 1 be the distance between the sup-
ports in inches, b the breadth and d the thickness of the plate in
inches. These being carefully found by observation, the formula

3W1
§=__12
2bd

furnishes the means of eomputing the modules of rupture S,
whose value is then in pounds per square inch. In Table 1 are
given the values of the modulus of rupture for each of the specimens.

Toughness. The ultimate deflections of the pieces broken
under transverse stress furnish an indication of their toughness,
provided the pieces were all of the same size, in the same manner
that the ultimate elongation of a metallic specimen under tensile
strain is an index of toughness and extensibility. The greater
the ultimate deflection of a bar, the less is its brittleness, and the
greater its toughness, other things being equal. All the specimens
of slate were so elastic that the deflection of the middle part,
where the load was applied, could easily be noted on a scale by

Prate LXXI.

Apparatus for Measuring Deflection of Stone under Pressure.
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the eye. The scale was graduated to 5, of an inch, or 0.05”,
and fractions of a division were estimated and interpolated.
The deflections for the different specimens are given in Table 1.
Since the pieces were not of the same size, the modulus of elasticity
computed from the data furnishes an index of the toughness of
the slates. The formula used for computing the modulus of
elasticity is the deflection formula for simple beams; the slate acts
as a simple beam with the load applied at the middle. Let W
be the load in pounds which causes rupture when applied at the
middle, let 1 be the distance between supports in inches, 1 the
moment of inertia, which for a rectangular section is {5bd%
where b is the breadth and d the thickness of the slate in inches,
and E the modulus of elasticity. Then the formula

1
f = — WI*/EI
48

furnishes the means of computing the modulus of elasticity E,
whose value was then in pounds per square inch, { being the ulti-
mate deflection in inches. In Table 1 are given the values of
the modulus of elasticity for each of the specimens tested.

Almost all the specimens ruptured in different planes on the
upper and lower surfaces; so that, in fact, they sometimes split
or sheared into two thinner pieces.

Specific Gravity. The density was next determined for
each specimen by weighing it in air, and then in water, from which
data the specific gravity was computed.

Porosity. The well-known test for porosity is to determine
the percentage of water absorbed by the specimens under similar
conditions, The following procedure was carried out: A piece
of slate of a size about 3x3 to 3x4 inches was taken from each
specimen, the edges being left rough and irregular. These were
dried for 24 hours in an oven at a temperature of 135 degrees F.
After cooling to the normal temperature of the room, they were
weighed on delicate scales, and then immersed in water for 24 hours,
when they were taken out and weighed again. The difference
of these weights, divided by the first weight, gives the percentage
of water absorbed by a specimen. The results thus obtained
are given in Table 1.
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Corrosion by Acids. In order to imitate the action of smoke
and of sulphurous fumes of manufactories, the following test
was used: A solution of hydrochloric and sulphuric acid was
prepared, consisting by weight of 98 parts of water, 1 part of
hydrochloric and 1 part of sulphuric acid. In this, pieces of
slate about 3x3 inches in size were immersed for 63 hours, having
first been carefully weighed. After being taken out of the solution
they were dried for two hours in the normal air of the laboratory,
and were again weighed. Thus the loss of weight due to the cor-
rosive action of the acids was ascertained. The results were then
transformed into percentages of the original weight, which gave
an absolute measure of the corrosion. The results of this test
are given in Table 1. After the tests, the surfaces of the pieces

showed but slight traces of acid action, notwithstanding the loss
of weight.

Discussion of the Tests. A recapitulation of the mean results
of these tests is given in Table IT below.

TABLE II.

MeaN Resvurrs or Prysican TesTs,

Property Measured by,— A B J K i 7
Strength Modulus of rupture, in pounds
per square inch., 5325 6200 6915 6805 6400

Density Specific gravity.
Toughness Modulus of elasticity, in
pounds per square inch,

2.77 2.79 2.82 2.80 2.80

thousands, 5666 8916 12208 7006 6167
Porosity Per cent of water absorbed in

24 hours, when thoroughly

dried. 0.76 1.04 0.63 0.8 0.66

Corrodibility Per cent of weight lost in acid
solution in 63 hours 0.45 0.54 0.35 0.14 0.21

The mean values given in Table II may be expected to furnish
a tolerably reliable indication concerning the properties under
investigation. A study of the table will at once lead to the con-
clusion that the different qualities are connected by definite re-
lations, the strongest slate being highest in density and tough-
ness. The porosity and corrodibility do not seem to bear such a
direct relation to the other properties under investigation of the
specimens tested except in a very general way. The extent of

—_—
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the tests, however, does not warrant drawing a gen‘eral conclu-
sion as to the relations existing between the relative strength
and corrodibility or porosity of the slate specimens. Thg con-
clusion is very apparent, however, that the strongest slate is also
the toughest, as well as the highest in density.

CONCLUSIONS.

1. Vermont roofing slates weigh about 175 pounds per cubie
foot, and the best qualities have a modulus of rupture of from
6,000 to 9,000 pounds per square inch. 4

9. The stronger the slate, the greater is its toughness and
deﬂm{? . The modulus of elasticity of the best qualities of Vermont.
slate is from 6,000,000 to 12,000,000 pounds per square inch.

4. The weathering qualities, as determined fr.om the tests
of porosity and corrodibility, a;:iplea.r ;ot to be uniform and to

ith more or less well-defined limits.
Val‘)f;' In general, the flexural test furnishes agood index of all
the properties of the slate, the strongest slate being the one most
suitable for the ordinary building purposes.
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such thin sheets and leave them almost flush with the softer
material lying between. Solution possesses no planing action,
in corrasion such action is very apparent.

If we assume that the rill-channels are the result of post-
Hochelagan solution by rainfall we should be able to show how
this agent could produce the peculiar features of arrangement,
form, surface, and rapid deepening which these channels present.
With this purpose in view, let us imagine the conditions for
solution on a day when the period of rainfall was 80 minutes long
and the relative humidity, wind and temperature such that
the first dry areas would begin to appear 10 minutes after the
cessation of the shower. Imagine also this rainfall to occur
early in the history of the development of these features or soon
after the exposure of the glaciated bosses.

Within a few seconds from the time when the first scattered
drops reach the rock, the areas in question become completely
covered with a thin film of water and solution begins by acting
uniformly over the entire exposed surface. The impact of new and
swiftly falling or wind driven drops constantly enables them to
penetrate and dislodge portions of the film in molecular contact
with the rock and gravity quickly removes the partially charged
water from these very limited areas. At the end of 80 minutes
the rain ceases, but for nearly 10 minutes more solution will con-
tinue on the top of the bosses or until saturationisreached and
dry areas are about to appear. At the end of an addional 10
minutes, the dry areas should have extended their borders for say
a meter and a half in every direction. In the case here stated
solution has been active for nearly 90 minuteson the tops of the
bosses and nearly 100 minutes on those portions of the natural
flow-ways situated one and a half meters from these summits.
The portions longest under the influence of solution should be
cut the deeper.

If now we examine a typical boss we shall find that at the
distance of one and one half meters from the summit these rill-
channels have attained a depth of from five to ten centimeters
below the general surface or outlines of the knoll. If this work
is due purely to solution, then extra depth of, say 7 centimeters,
may be attributed to the extra time in which solution was allowed
to act. If during this extra one-tenth of the whole time,the water
could remove rock to the depth of 7 centimeters, then during the
other nine-tenths it should have been able to dissolve nine times
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tion due to variations in rock character. The kind of surface this
factor leaves, on small separate rock fragments, was illustrated
on Plate XX of the Director’s report (N. Y. State
Director of Science) for 1909. Now the rill channels
are cut across the bed edges almost regardless of this
second factor yet under the conditions as stated this factor should
have had by far the most effective influence of the two. With so
great a loss from these surfaces as our arguments would show, the
varied relief due to this second factor should be much more marked
than the relief of the channels themselves. A glance at our plates
however, will show an apparent absence of the work of this factor.
The actual difference in relief so caused amounts to but a few
millimeters. It has not been sufficient to mask the glacial
contours of the areas in question. We are therefore compelled
to conclude that neither difference in time allowed for solution
to aet nor difference in rate of solution due to variation in rock
character have produced the features here witnessed.

It was an argument of this character that caused the writer
in the Director’s report for 1909 (page 168) to introduce a third

_factor, that of ‘‘difference in rate of movement of the solvent”

to account in part for the rapid deepening of the channels, though
at that time he was compelled to acknowledge that these rill-
channels were ‘‘not wholly due to rainfall but were in some
measure due to melting glacial ice.” If a portion of the deepening
of the channels is due to extra speed of flow, the use of this factor
would reduce our approximate estimates of the amount of rock
removed from the tops of the bosses. We should note however
that the water acting on the tops of the bosses during precipita-
tion is never quiet. The distributing force which the wvelocity
of a rain drop communicates to the molecular layers next the
rock surface might be as competent to replace portions of this
film with fresh water as would be the frictional force of the move-
ment down the channels. And again, while the raindrop brings
fresh water to the tops, the channel current is already partially
charged and has therefore lost solvent power. After making all
proper allowances for this third factor we shall still find that
if we attribute the cutting of the rill-channels to solution by rain-
fall it will involve a loss over the whole surface so manifestly
in excess of fact that we shall have to abandon it as an hypothesis.
These surfaces were unmistakably planed not only over the tops
but in the beds of the channels. The principal agent in their
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That there has been but little loss of surface since glacial time may
be readily seen. Plate LXXII also shows a deep basin on the summit
of a well arched boss and this also contained water when the nega-
tive was secured. We have already noted similar basins in the
channels themselves—like lakes in an Alpine stream. These
basins are not solution features, but they are just such features
as would be produced by small and loaded rills descending on
these surfaces through a melting ice sheet above. Their outlets
were cut when they were made. Both the basins and their over-
flow channels are very evidently glacial phenomena not yet
effaced by either solution or weathering. The part played by .
post-Hochelagan solution is again seen to be of very minor im-
portance.

(f) Rills draining contiguous areas and running over similar
slopes do not have depths in proportion to the areas drained.
The sudden deepening at (a) and (b) shown in Plate LXXVII are
cases in point. )

(g) The drainage does not seem to have been determined
wholly by the contour of the original surface. Inmany places chan-

.nels seem to cross each other asat (¢) in Plate LXXV. The short

but deep channel at (b) on the same plate seems to have no
reason for its existence. The channels often divide in the direction
of their flow. Some channels part at a wide angle and almost
immediately swing back and empty into each other as at (a) in Plate
LXXVI. Onebossinthisregion hasa small summit depression so
well drained by three divergent channels that a half cup of water
sufficed to send streams down its north, south, and east faces. These
and other features indicate different points of supply at
different times and consequent changes in direction of flow.
Certain channels may also have been temporarily blocked.

For an agent competent to produce exactly such conditions
and features as we have noted we must look to a melting glacial
ice sheet. The cliff edge in this locality is about 40 feet above
the plain to the east. Here is where crevasses would form, admit
surface water to the cliff top and sweep it free of moraine material.
The supply of water would vary in volume and in places of ap-
plication. Small caverns etched from the under surface of the
ice at times of greater flow could not maintain their existence.
Fracture and moulding would insure their destruction and block
rill-channels already cut. Glacial waters would also be rich in
rock debris and so furnish efficient material for producing the
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corrasive features noted.

(h) All elevated ridges or mounds lying between the rill-
channels hiave remarkably rounded or convex surfaces. In most
of the plates accompanying this paper this feature is very pro-
nounced. These minature valleys differ remarkably from land
valleys in that their higher portions are convex instead of concave.
If while being cut by sub-glacial streams sueh action was frequent-
ly interrupted by some glacial movement, we should have pre-

cisely the rounded outlines here witnessed and the larger valleys .

would become U-shaped as well.

Post-HocHELAGAN SoLuTioN NoT COMPETENT
10 REMOVE THE Loss NoTED.

The rivers of the world annually carry to the sea nearly
5,000,000,000 tons of mineral matter in solution and by this
process alone lower land areas an average of something like one
foot in 13,000 years.* If solution could carry away thesurfaces
of our exposed bosses at an equal rate it might be able to account

for the loss of material which is here manifest though it would:

not account for the pecularities of the features left.

By far the greater part of the work of solution is accomplished
by ground water where humous acids, comminution of material,
pressure, and other conditions enormously increase the solvent
power. Water falling on our bosses is so quickly withdrawn that
it has not even the factor of time in its favor. The Thames,
after receiving loaded waters that for years have been working
their way through the fracture zone, comes to possess 294 milli-
grams of caleium carbonate per liter. The Woodhead water
supplied to Manchester, although it has in large part become
ground water yet contains but 25 milligrams per liter or little
more than one-twelfth of the amount.f This would indicate
but the removal of an inch in 13,000 years. Take next for
analysis the water that has had but momentary contact with
a hard, polished limestone boss and we shall find another marked
drop in the amount of matter dissolved. Going from the rivers’
accumulation up to the bare areas just receiving rainfall is,
figuratively speaking, like passing down the diagonal of a paral-
lelogram from a vertical distance above the base represented by

* Geology. Chamberlain and Salishury. Vol. 1, ete.
1 Wanklin, ete.

ST

Prate LXXV.

Glaciated Rock Surface showing irregular Character of Rill Channels.
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294 milligrams to the 0 point on the base itself. Erosion and
solution differ markedly in respect to the conditions under which
each does its best work. Erosion accomplishes most on the ex-
posed masses of our highlands; solution finds its power best
developed deep in fissures, in tales, and in the more comminuted
material which streams have left in our valleys. Looking at the
matter from the standpoint here presented we should be led to
expect a loss from our bosses of only a small fraction of an inch.
So small an amount is wholly inadequate to account for the material
lost in the cutting of the rill-channels.

We may approach this quantitative aspect of our question
from a still different standpoint. The present annual precipita-
tion at Plattsburgh Barracks as determined for a period of 58
years is 29.95 inches. The precipitation was probably heavier
when the reterating ice front was near this region but we can find
no reason for believing it to have been much heavier at the time
of the withdrawal of the Hochelagan sea. If we use this average,
covering nearly six-tenths of a century, as we find it and consider
the withdrawal of the sea to have taken place about 10,000 years
ago (which is likely to be an overestimate) the total precipitation
of the period would have been equal to a water depth of 299,500
inches or 760,732 centimeters over this area. The volume of
water precipitated on each square centimeter of surface would
then be nearly 761 liters. Pure water cold or boiling will dis-
solve carbonate of lime only to the extent of 18 milligrams to
the liter.* As rainwater is almost free from carbon dioxidet we
may consider its action on the limestone to be closely like that of
pure water. Could each liter of this rainfall have remained in
contact with the rock long enough to become saturated the total
weight dissolved from each square centimeter of surface would
have been but 13.69 grammes. Dividing this by a specific
gravity of 2.7 we find that the loss in depth could not have been
much over 5 centimeters.

Small as this figure is when compared with our rough es-
timates of a required 35 or more centimeters, we must point out that
it cannot be inereased. The new argument as presented is open to
serious criticism. Let us note some of the more important errors.

1. The factor introducing the greatest possible error in
our tentative conclusion (that the loss by solution cannot exceed

*Roscoe and Schorlemen, ete,
1Wanklin, ete,
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left end) still shows rill-channels in a fair state of preservation. The
more southern end of the boss has lost all trace of them.

THESE RiLL-CHANNELS WERE ALREADY CuT oN THESE SURFACES
WueN THEy WERE First UNcovERED BY THE HoGHEL-
AGAN SEA.

The separate items of evidence will here be lettered.

(a) These bosses in their outlines and smooth ground sur-
faces are very evidently the product of glacial action. When the
effects of freezing water and insolation began to work on them
it was a glaciated surface they began to remove. These
agents did not wait for 10,000 years of rain and solution to first
do its work. The glaciated surfaces and the rill-channels have
evidently been acted upon for equal periods by these destructive
agents and both are disappearing together.

(b) The loosened surface blocks already mentioned as lying
just north of Spoon Bay, Valcour Island, were evidently separated
and shifted by wave action when the receeding waters reached
their level. The channels were cut before the movement took
place. A comparison of the separated edges shows that the
channels at first crossed from one block to another as if the joints
did not exist.

(¢) InPlate LXXIX the rill-channels may be seen to pass
under thesod. The writer recently uncovered some of this buried
portion to a distance of from one to two meters from the irregular
line of contact. The depth of this distance was 30 centimeters
and was steadily increasing. The soil section showed first 8 to 9
centimeters of very fine loam blackened with humus. Just under
this was a very irregular layer, varying from a few millimeters
to two or more centimeters, in which most of the sand grains
had been whitened through loss of iron oxids. Under this was 20
centimeters of a yellowish brown sandy loam. The strip un-
covered was about 30 centimeters wide.

From this covering material and at depths between 8and 30
centimeters there were secured nine rock fragments weighing
between 2 and 60 grams each. ,Seven of these were angular;
(three of limestone and four of sandstone). Two were well rounded;
(one of granite and one of sandstone). Therill-channels were still
present and in strong relief on this uncovered area. It will be
readily seen that this is not a residual soil. Neither is it the result
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of,wind blown dust; nor the work of earthworms. The scattered
and varied rock fragments point clearly to wave work on glacial
material. The evidence is conclusive that the rill-channels here
lie beneath deposits of Hochelagan age.

Tae Surrace Featrures N Question WERE PRODUCED BY
SUBGLACIAL DRAINAGE DURING THE PERIOD OF RECESSION
oF THE WIscoNsIN ICE-SHEET.

That we may realize the capacity for work of this agent let
us first form an approximate estimate of the solvent powers of
melting glacial ice and compare them with those of rainwater.

A continental ice-sheet has five sources from which it can
obtain carbon dioxide.

1. The atmosphere, through precipitation and centuries
of contact.

2. Organic matter in the mantle rock which it covered in
its advance.

3. Chemical decarbonization.

4. Carbon dioxide rising from the fracture zone.

5. Carbon dioxide occluded in igneous and metamorphic
rocks and liberated through comminution of these rocks.

The last two items in certain localities would suffice at times
to saturate the deeper waters. Water at the freezing point and
saturated with COz. will dissolve 700 parts per million of ecal-
cium carbonate. An amount practically forty times as great as
that of rainwater. Were these underwaters saturated they would
remove as much in 250 years as rainwater in 10,000 years. Make
whatever corrections may be necessary here but do not omit the
fact that the time per year that the subglacial waters are active
is at the very least more than five times as long asthat of inter-
mittent rainfall. If we are looking for solvent effects, let us look
for those of the glacial period.

What we want to find is a corrasive agent so powerful that
it will completely mask the effects of solution and we need look no
farther for it than the heavily loaded waters of a melting ice
sheet. Let us now see how this agent worked on the areas in
question.

Rill-channels, as Plates LXXVI and LXXVIII clearly show,
oceui on high outerops of rock which are here usually due to the pres-
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PraTe LXXX.

Joint Wells in Limestone Ledge.
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Prate LXXXI

Surface of Ledge Showing Rill Channels cut at first across a joint,
but later draining into it.






REPORT OF THE VERMONT STATE GEOLOGIST. 247

MINERAL RESOURCES

During the two years since the publication of the Seventh Re-
port no very important changes have occurred in the building and
monumental industries of the state nor in less extensive stone or
mineral production. There has been however, gratiflying progress
in the production of most of those materials which are usually
ineluded under the above head. Most of the Companies engaged
in supplying the demand for stone of one sort or another report
satisfactory conditions and prosperous business. Many have
inereased their ability to furnish required stone by opening
new quarries, erecting new buildings and adding new
machinery. As a comparison of the lists of companies now
active in the business with those of former reports will show,
there have been many changes in the personnel of the firms engaged
in stone quarrying and cutting a few of them important, but
taken as a whole, it may be said that the stone industry in Ver-
mont has never been as strong nor as extensive as at present.

The question is sometimes asked, possibly with a degree of
anxiety, whether there is danger that the various sorts of stone
sold in the State may be soon exhausted and thus this great source
of revenue be lost. Certainly it would be a very great calamity
to Vermont if the supply of marble, granite or slate should fail
and when one considers the magnitude of our present production,
it is not to be wondered at that the question should arise. Any-
one who is sufficiently interested in the subject to take time and
trouble enough to make even a rather superficial investigation
of the various deposits in different parts of the state will soon be
convinced that they are great beyond caleulation. It is indeed
true that large drafts upon the supply are continually made,
but as these drafts necessarily develop the deposits and reveal their
character and extent, their magnitude becomes more evident.
Few realize how little is taken from a great deposit, a mountain of
granite for example, during a years quarrying. There are said
to be not far from seven hundred marble quarries in the Carrara
district in the Apuan Alps. Some of these have been worked
for many centuries and the annual production is large, yet there
is no thought, apparently, of exhaustion.

The Geologist has been examining the Vermont quarries
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as they have been completed are given in the papers by Messrs.
Bristol, Barker and Davidson which are published in this volume. It
is hoped that these testswill be supplemented by further investi-
gations. Unlike granite and slate, marble is quarried and manu-
factured mostly by a few large companies. This has always
been the case, but during the past few years several of the old
companies have been bought by the Vermont Marble Company
which is much the largest concern of its kind in this or any
country. At present the following are the marble companies
doing business in Vermont:

Barney Marble Company, Swanton.

Brandon Marble Company, Brandon.

Clarendon Marble Company, Clarendon Springs.

Eastman Marble Company, West Rutland.

Green Mountain Marble Company, Rutland.

Manchester Marble Company, East Dorset.

Norcross-West Marble Company, Dorset.

Vermont Marble Company, Proctor.

Vermont Italian Marble Company, Brandon. The locality
given is that of the main office, not necessarily of the quarries.

The very great increase in the use of marble as building
material for both outside and interior work and the consequent
inerease in demand has greatly changed the character of the
marble business. And the change has been advantageous since
much marble is excellent for outside walls or even for interior
finish which would not be considered suitable for monuments.
Hence a great deal of stone; sometimes the entire product of a
quarry, can be utilized now while a few years ago it would be only
waste. The above named quarries supply 419 of all the build-
ing marble used in this country. But the long continued pre-
eminence which Vermont has held in this business has been more
largely based upon its finer grades such as were suitable for monu-
ments and statuary. Formerly no less than 879, of all such
stone sold in the country came from Vermont quarries. While
with the discovery of good marble in other states, so that now
twenty six states furnish marble, this great preeminence no longer
exists, yet even now this state supplies nearly 709, of the more
choice kinds of marble sold. With increasing prosperity, or
even without it, the fashion once set by the finer buildings erected,
the demand for this stone in construction is sure to increase.
No other material can offer so great variety in color, none can be
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Prare LXXXIIL

Holland Blue Quarry of the
Green Mountain Marble Co., Pittsford.
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so readily carved elaborately, none is so well adapted for interior
finish. A few notes concerning the companies named in the list
may not be without interest.

THE BARNEY MARBLE COMPANY.—This is practically a part
of the Vermont Marble Company, but it does business under
the old name. The quarries and mills are at Swanton where
the water power of the Missisquoi River is used. Only the
highly colored Champlain Marbles and the green Verde Antique
are worked. As these are much harder than most marbles they
are more expensive, but also more durable and receive a finer
polish. They are for some kinds of interior finish unsurpassed
in elegance and durability.

THE BRANDON MARBLE COMPANY.—This is a new company
which operates a quarry southwest of Brandon Village and is
building a mill near the old Corona property. The marble is a
pure white statuary.

THE CLARENDON MARBLE COMPANY.—A large quarry in Claren-
don Springs is operated by this company and there is a small
mill near at hand. The marble is light with dark veins and there
is also dark stone in the quarry. A spur from the Delaware and
Hudson R. R. connects the property with the main line of this road.
Hitherto the marble has been mainly used for building, especially
in the new Educational building at Albany, N. Y.

THE EASTMAN MARBLE COMPANY.—This firm quarry a very
handsome marble at West Rutland a little south of the village.
The stone is fine in grain and veined, often most attractively,
with green or greenish lines, bands or colors. The veining is
very distinet and the appearance of many blocks is exceedingly
attractive. There is no mill, all the stone being sold in blocks.

THE GREEN MOUNTAIN MARBLE COMPANY.—The property of
the corporation known for years as the The Columbian has been
purchased by this new company and is operated by it together
with additional quarries. The new company was organized two
years ago and is now in full activity. One of the quarriesis the large
opening known as the Columbian south of Proctor Village. This
quarry has been worked for more than sixty years, but there
remains a very great mass of first class marble. The quarry is
fully equipped with all needed machinery of modern type and
there is ample hoisting machinery. There are here 150 acres of
marble land. The stone in the Columbian quarry is light for
the most part the ground being usually white or nearly so with
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SLATE.

Tho far behind Pennsylvania in the amount and value of the
slate produced, Vermont is far in advance of any other State.
Only five or six States produce any considerable amount of good
slate, tho there are several others which supply each a small
amount. The States which produce the largest quantity are as
follows: named in order of production: Pennsylvania, Vermont,
Maine, Virginia, New York, Maryland.

Pennsylvania supplies a little more than half of the whole
quantity sold in this country; Vermont about half as much as
Pennsylvania; Maine about one seventh as much as Vermont;
Virginia rather more than half as much as Maine and Maryland
somewhat less. All the other States produce only about half as much
as New York. Not very rapidly the value of the slate sold from
this State is increasing, but this is mainly because the price has
increased rather than the quantity. The business, especially
that concerned with roofing slate, has on the whole been satis-
factory so far as I have reports. By far the larger part of the
slate sold in this State is in the form of roofing material. The
Northfield area is at present not worked at any point. Nearly
all the Vermont quarries are, like that shown in Plate XXXV,
deep pits. Sometimes the excavation is two or even three hun-
dred feet deep.

In previous Reports the methods employed in preparing
slate for market have been described and in Bulletin 275, U. S.
Geological Survey, Dr. T. N. Dale has published a very useful
account of the slate industry of the United States. The Vermont
slate belt, especially that portion of it which is worked is of small
area. Hence, as the quarries are numerous, it necessarily follows

that many of the quarries are contiguous or at least very near

each other. In some places, such as the “Switchback” the derricks
look like a forest of leafless trees. A common beginning for a
slate quarry is a strip of land twenty rods wide and of variable
length determined by the character of the mass of slate. Pits may
be so near that in time the removal of the stone takes away the
divigion between them and thus in time one large quarry may
be formed from several smaller ones. A few quarries are more
or less horizontal cuts worked into a side hill, but most go down
nearly directly or at any rate at a high angle.
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There are now about forty companies carrying on the slate
business by far the greater number producing roofing slate, a
few get both roofing slate and mill stock from the same quarry.

LIST OF VERMONT SLATE COMPANIES.

CASTLETON.

Criterion Slate Company, Hydeville.
Hayes Slate Company, Hydeville.
Hinchey Brothers, Hydeville.

Hinchey, 0. & Company, Castleton.
John J. Jones Slate Company, Castle-

ton.

MinogueBrothers & Quinn,Hydeville.
Metalo Slate Company, Hydeville.
Penryn Slate Company, Hydeville.

FAIRHAVEN.

Bedford & Ryan SlateCo.,Fair Haven.

Durick & Flannagan, Fair Haven.

Durick & Keenan, Fair Haven,

Durick, Keenan & Flannagan, Fair
Haven.

Fair Haven Marbleized Slate Com-
pany, Fair Haven.

Jones & TFrancis, Fair Haven.

MeNamara, Brothers, Fair Haven.

Mahar Brothers, Fair Haven.

Vermont Unfading Green Slate Com-
pany, Fair Haven.

Victor Slate Company, Fair Haven,

Young, A. B., Fair Haven.

POULTNEY.

Auld & Conger, Poultney.

Eastern Slate Company, Poultney.
Eureka Slate Co., North Poultney.
Frasier Slate Company, Poultney.
Green Mountain Slate Co., Poultney.
Griffith & Nathanael, Poultney.
Hughes-Snyder Slate Co., Poultney.
Johnson, E. J. Slate Co., Poultney.
Roberts & Rowland, Poultney.
Matthews Slate Company, Poultney.
Parry, Jones & Owens, Poultney.
Poultney Consolidated Slate Com-
pany, Poultney,
Rice Brothers, South Poultney.

PAWLET AND WELLS.

Layden & Burdick, West Pawlet.

Hughes, W. H. Slate Company,
West Pawlet.

Nelson Bros. & Morow, West Paw-
let.

O’Brien Brothers, Wells.

Rising & Nelson, West Pawlet.

Roberts, G. T., West Pawlet.

GRANVILLE, NEW YORK, QUARRIES -
IN VERMONT.

Norton Brothers, Granville, N. Y,
Owens, O. W. Sons, Granville, N. Y,
Sheldon, F. C., Granville, N. Y.
Vermont Slate Co., Granville, N. Y.

S0APSTONE AND TaLc.

Early in the present year Professor E. C. Jacobs of the Uni-

versity joined the Survey and undertook to make a thorough
study of the Soapstone and Tale deposits of the State. There
has not been time at Professor Jacobs disposal to make possible
complete examination of the various deposits still less to in-
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there is stone from which good lime can be made. All but one
of these are located in the western part of the State as itis here
that most of the limestone best adapted to the purpose is found.
These all manufacture excellent lime, tho it is not all alike. The
following are the principal producers of limein this State: The
Amsden Lime Works, L. C. White Manager, Amsden; Brandon
Lime and Marble Company, H. B. Huntley Manager,
Leicester Marble-Lime Company, J. A. Swinington, Manager,
Leicester Junction; Green Mountain Lime Company, New Haven;
W. B. Fonda Lime Company, St. Albans; Swanton Lime Works,
J. P. Rich, Swanton; G. B. Catlin Lime Kilns, Winooski.

METALS.

There is little to be said as to the metallic ores found in
Vermont that will not repeat what has been written in former
Reports. As is well known, ores of several of the metals are
found in the State, but none of them in such quantity or conditi-
on that it is profitable to carry on mines, The copper ores in
Vershire, Strafford,and Corinth have been worked, some of them
extensively and for a time profitably, but in the long run they
have not paid and at present no mines are worked. The ore,
mainly chalcopyrite, in all these mines is of low grade and not
easily reduced. There is some possibility that the large masses
of ore which still remain may at some future time be mined
by new processes and more advantageously treated. The numer-
ous small beds of iron ore which are found in quite a number of
localities in the State were in past time some of themused, but
for many years there has been no iron mining in Vermont. In
his article on the Strafford Quadrangle Dr. Hitchcock has dis-
cussed the copper ores of the district and in Bulletin 455 United
States Geological Survey on the Copper Deposits of the Appal-
achian States there is the most complete account of the Vermont
localities that has been published. In much smaller quantities
gold, silver, lead and molybdenite are found in the State, but
nowhere in anything like such amounts as to warrant mining of
any sort.

ASBESTOS.

The only mine that produces asbestos is that at Chrysotile on
the east side of Belvidere Mountain. At this place The Chrysotile
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Asbestos Corporation, W. G. Gallager President and Mana.ger,
has been actively engaged for several years. The 'prew.ous
Report contains so full an account of this locality and 1jcs mines
and mill by Dr. C. H. Richardson that it needs but brief men-
tion here. Only four States produce asbestos and only twor of
these produce the more useful variety, chrysotile, the_zse are Ver-
mont and Wyoming. Georgia and Idaho have mines of the
amphibole varity. The chrysotile asbestos is not only .better
for all purposes, but it can be used in many wa.ys'not possible to
the other form. The demand for asbestos is continually greater
and there appears to be a very encouraging outloolfc for
the business. At present two thirds of the asbestos used.m the
United States is imported from Canada. As the material ob-
tained at the Vermont mine according to Dr. Cirkel' “:C-ompares
favorably with that found in the Canadian mines” it is not un-
reasonable to expect a large growth in the business of the establish-
ment at Chrysotile.
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