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THE GRANITES OF VERMONT.

By T. NELson DaLE.

INTRODUCTION.

Tt is not proposed to present in this bulletin an exhaustive geologic
and petrographic .account of Vermont granites. For such a work
years of geologic exploration and much petrographic skill and study
would berequired ; but it is proposed for immediate economic purposes
to locate definitely, describe briefly, and classify all known granites
of present or prospective economic value within the State. The
method of treating the subject will, like that adopted in the bulletins
on the granites of Maine® and on those of Massachusetts, New Hamp-
" shire, and Rhode Island,® be both scientific and economic. Features
of general geologic interest presented by the stone and the quarries
or their immediate vicinity, as cursorily examined, and features of
economic interest, particularly those resulting from the location, char-
acter, or structure of the stone, will both receive due attention.

The elementary facts as to the origin, composition, physical prop-
erties, texture, structure, variations, discoloration, and decomposi-
tion of granite, together with a summary of the methods of classify-
ing, testing, and quarrying it, will be found, in a form intended for
general readers, in Bulletin No. 354,> pages 9 to 72.

The field work upon which this report is based was done in 1907,
when 79 quarries and prospects were visited. One small quarry was
visited in 1909. Prof. G. H. Perkins, state geologist, collected data
from two prospects. Dr. Albert Johannsen, of the United States
Geological Survey, critically revised the writer’s petrographic deter-
minations. Mr. W. T. Schaller, chemist, of the Survey, determined
the percentages of lime soluble in acetic acid in 10 specimens of
granite. Miss Altha T. Coons, of the Survey, has contributed some
statistics of Vermont granite production. Dr. G. P. Merrill, of the
United States National Museum, has rendered some bibliographic

eDale, T. N., The granites of Maine; with an introduction by George Otis Smith: Bull. U. S. Geol. Survey
No. 313, 1907.

dDale, T. N., The chief commercial granites of Massachusetts, New Hampshire, and Rhode Island:
Bull. U. 8. Geol. Survey No. 354, 1908.

7



8 THE GRANITES OF VERMONT.

aid. The results obtained by Finlay and Daly from their special
studies of certain Vermont granites have been utilized and will be
referred to in their place. ,

As in Bulletins 313 and 354, the number of each specimen de-
scribed, to which that of one or more thin sections corresponds, is
given, so that the description can be verified by consulting the col-
lections at the National Museum. These specimens, except those
from idle quarries, have been prepared from blocks selected by the
foreman or superintendent. The words ‘‘coarse,” ‘‘medium,” and
“fine,” as applied to granite, are to be understood as in the two pre-
vious granite bulletins: Coarse, with feldspars over 0.4 inch; medium,
with those under 0.4 and over 0.2 inch; fine, with those under 0.2
inch. The Rosiwal method of estimating mineral percentages has
been applied as far as practicable to the principal types of granite
described. These types are defined and classified for economic pur-
poses in the table on page 120, a bibliography of the economic geology
of granite is given on page 127, and a glossary of scientific and quarry
terms will be found on page 130.

The names applied to the various granites in this report are, with
a few exceptions, merely local or trade designations. Their employ-
ment in this economic bulletin does not affect the standing of any
particular name as a geologic formation name. '



o PART I.—SCIENTIFIC DISCUSSION.

GEOGRAPHIC DISTRIBUTION OF VERMONT GRANITES.

Not until a contour map of the mountainous portions and of the
easternhalf of the Stateiscompleted and acareful geologicsurvey based
upon such a map is made will the geographic distribution and extent
of the granite areas of Vermont be accurately known. According to
th? geologic map of the State traced and compiled by the authors of
the state report of 18612 and also according to the geologic map of
Orange and parts of Washington and Windsor counties by C. H.
Richardson,® a series of granite areas, varying greatly in size but
mostly small, extend in a north-northeasterly direction between
the central Green Mountain axis on the west and Connecticut River
on the east for almost the entire length of the State.

The distribution by counties of all the granite quarrying centers
and of the prospects included in this bulletin is shown in figure 1.
At the extreme north end of the State, in Orleans County, granite is
quarried in Derby, east. of Lake Memphremagog. Near the north-
east corner of Caledonia County, the next county south, there is a
granite prospect in Newark; and there are several quarries in Kirby
about 14 miles south of Newark. There are also several quarries near
the western corner of this county, 20 to 23 miles west of Kirby, in
Hardwick; and the quarries of Ryegate and Groton lie near its
southern edge. In Washington County, the southern half of which
adjoins Caledonia on the west, there are three groups of quarries:
The Woodbury quarries at the north, and east of them a prospect
in Cabot; south of Woodbury the quarries in Calais; and 20 miles
southwest of Woodbury and 8 miles southeast of Montpelier, the
quarries of Barre, which is the chief granite-producing center of the
State. A few of the Barre district quarries lie south of the Orange
County line. About 20 miles southwest of Barre is the granite pros-
pect of Randolph in Orange County. Inthe northern part of Windsor

e Hitcheock, C. H. and L., jr., and Hagar, A. D., Report on the geology of Vermont, vol. 2, 1861, P1. I.
This map, valuable as it is, can to-day hardly be regarded as more than a reconnaissance map. Some of its
granite areas are wrongly located, and granite has been found where the map does not show any.

b Richardson, C. H., The terranes of Orange County, Vt.: Rept. State Geologist of Vermont, 1902, PIs.
IX and IX, A. b

9



10 THE GRANITES OF VERMONT.

County is the small but important white granite area of Bethel; 10
miles southwest of it is a quarry in Rochester, and 33 miles south-
southeast of Bethel and near the Connecticut is the green syenite of
Mount Ascutney in Windsor and West Windsor. Finally, in Wind-

N Y L 5
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F1GURE 1.—Map of Vermont, showing granite centers and prospects (o).

ham County, toward the southern border of the State, 37 miles
south-southwest of Ascutney, near Brattleboro and the Connecticut,
are the light-granite quarries of Dummerston.



_THE GRANITES OF VERMONT. ' 11
GENERAL PETROGRAPHY OF VERMONT GRANITES.

The granites of this bulletin fall into three petrographic groups:
Biotite granites, quartz monzonites, and hornblende-augite granites.
In biotite granites the mica is almost entirely the black magnesia
mica known as biotite. In quartz monzonite the soda-lime feldspar
occurs in unusual amount, nearly equaling or even exceeding that
of the potash feldspars. In hornblende-augite granite the dark
silicates, hornblende and augite, take the place of the micas. The
gray granites of Barre, Calais, and Woodbury and the pinkish of
Newark are biotite granites. This granite also occurs at one of the
Ryegate and one of the Kirby openings. The white granites of
Bethel, Randolph, Rochester, the very light gray of Dummerston,
the gray of Cabot, Derby, Groton, Hardwick (Buffalo Hill), Kirby,
South Ryegate, and Topsham are quartz monzonites. The green
syenite of Mount Ascutney is a hornblende-augite granite.

As a paragraph on the petrographic characteristics of the stone of -
each of these places precedes its detailed description in connection
with that of the quarries it will suffice here to note -the peculiarities
" of some in each group.

Biotite granite—In “Barre granite” the plagioclase ranges from
oligoclase-albite to oligoclase and oligoclase-andesine. The amount
of CaCO, indicated by two acetic acid tests is nearly 1 per cent, and-
the orthoclase particles show much carbonate. A marked feature
of this granite is the freshness of its microcline and the general
kaolinization and micacization of its orthoclase. Some particles of
orthoclase inclose microcline. In two dark-gray granites of Barre
the contrast between the hammered and cut face is as marked as it
usually is in diorites and quartz monzonites, indicating the presence
of more plagioclase than in ordinary biotite granites, a feature which
the microscope corroborates. In the stone of Calais, which resembles
that of Barre, the feldspar, second in abundance, is oligoclase-albite.
In the “Woodbury granite” it is oligoclase-albite to oligoclase,
~ exceptionally oligoclase to oligoclase-andesine, and the CaCO, is 0.28
per cent. The biotite-granite of South Ryegate has oligoclase and
only 0.05 per cent of CaCO,. The granites of Kirby and Newark have
albite to oligoclase-albite and the latter has 0.41 per cent of CaCO,.
 Quartz monzonite—The coarse white granite of Bethel contains
oligoclase and its mica is mostly muscovite. None of the sections or
polished specimens obtained show magnetite or pyrite. The only
available analysis shows only 2.56 per cent of CaO and the CaCO,
indicated by acetic acid test is only 0.12 per cent. The flow structure
is marked by courses of discoid nodules of mica described more fully
on page 25. In the coarse white granite of Rochester the feldspar
is largely albite to oligoclase-albite. Muscovite is' in conspicuous
p :



12 THE GRANITES OF VERMONT.

aggregates, roughly parallel, producing a gneissoid structure. It is
also in minute scales through the feldspars. The amount of CaCO,
indicated is unusually high, 2.46 per cent. The very fine white gran-
ite of Randolph has albite to oligoclase-albite, and the muscovite
is in scarcely perceptible scales and in finer microscopic ones in the
feldspars. - The CaCO, indicated is 0.66 per cent. The very light-
gray medium-grained granite of Dummerston has oligoclase to
oligoclase-albite and both micas. These are intergrown and bent or
twisted with sericite stringers extending from them into the other
particles. Crush borders appear about quartz and feldspar. The
CaCO, indicated is 0.125 per cent. The dark-gray stone of Cabot
has oligoclase ‘and the mica is almost entirely biotite. The light-
gray granite of Derby has oligoclase and both micas. No pyrite or
magnetite was detected. The CaCO, indicated is only 0.09 per cent.
The bluish-gray granite of Groton and Topsham has oligoclase and
the mica is nearly all biotite. The very dark-gray granite of Buffalo
Hill in Hardwick has oligoclase to oligoclase-andesine. The per-
centage of quartz is low, 21.75, and that of biotite high, 16.19. The
gray granite of South Ryegate has oligoclase and its mica is-almost
entirely biotite.

It will be observed that the microscopic descriptions of these
various granites note the arrangement of the cavities within the
quartz partlcles In intersecting sheets and their relation to the rift
and grain cracks.®

Hornblende-augite granite.—This is the olive-green syenite, ‘“nord-
markite phase’” of Daly, exhaustively described in his monograph on
Mount Ascutney.® Its feldspar appears to be albite and oligoclase
more or less obscurely intergrown with orthoclase and also rarely
occurring separately. Biotite is present in places. Daly has shown
experimentally that the green color which appears soon after exposure
is due to the oxidization of extremely minute blackish granules of
ferrous oxide in the feldspars and to the combination of the yellowish-
brown color from the limonite thus produced with the bluish-gray of
the unaltered feldspar. To judge from what has been found in other
green granites and from the presence of allanite in this rock, a part of
this limonite stain is probably due to the oxidation of allanite par-
ticles.c Daly estimates that this granite contains about 6 per cent
more soda-lime than potash feldspar. The strong contrast of shade
between its cut and polished surface, as shown in Plate V, B, also
points to a large percentage of soda-lime feldspar.

a This subject is discussed and illustrated in Bull. U. 8. Geol. Survey No. 354, pp. 42-48 and fig. 1.
b Daly, R. A., The geology of Ascutney Mountain, Vermont: Bull. U. S. Geol. Survey No. 209, 1903.
¢ See Bull. U. 8. Geol. Survey No. 354, p. 52 and fig. 3.



THE GRANITES OF VERMONT. ° 13
. GEOLOGIC RELATIONS OF VERMONT GRANITES.

These studies have not thrown new light on the problem of the
geologic relations and age of the granites, although they have brought
out some previously known facts in greater definiteness and detail.

The biotite granite of Barre contains inclusions up to 57 by 10 by 6
feet of quartz-biotite-muscovite schist and quartz-biotite schist
interbedded with quartzite, the details of which are described more
fully on page 18 and shown in Plate II, B. At two or more of the
Barre quarries (pp. 21, 23), the granite is' in contact with a similar
schist, and minute dikes of pegmatite, starting from the granite surface,
penetrate the schist, which near the contact is spotted with granitic
lenses as described on page 22. The schists and mica slates of Barre
are in many places spangled with biotite and ilmenite (?). As they
contain beds of quartzose crystalline limestone they are clearly of
sedimentary origin.  (See p. 49.)

On Robeson Mountain in Woodbury the contact of granite and
schist is also observable. (See p.23.) Minute pegmatite dikes from
the granite surface penetrate the schist, and the granite carries °
inclusions of the schist measuring up to 25 by 10 feet. The schist of
the original capping here is a biotite-muscovite-quartz schist' con-
taining beds of dark calcareous muscovitic, or in places epidotic,
quartzite. At one quarry a small inclusion of fine-grained quartzose
marble was found. These beds are also all of sedimentary origin.

The southern face of Blue Mountain in Ryegate consists of schists
and very quartzose mica slate; its upper portion is granite, mostly
quartz monzonite. This also contains inclusions of schist (quartz-
microcline-biotite) as described on page 19 and shown in Plate II; B.

The coarse white quartz monzonite of Bethel is bordered by a zone
of fine-grained, more biotitic, and thus grayish quartz monzonite
produced by more rapid cooling along the contact with a schist mass.
The details of these relations are given on page 20. In places the
schist is a fine-grained garnetiferous mica slate with small calcareous
beds spangled with biotite. The ‘“Bethel granite’’ contains inclusions
up to 21 by 12 by 5 inches, of very fine black biotite-orthoclase-
oligoclase schist apparently not related to the schists and slates sur-
rounding the granite area.

At one quarry in Derby the foreman stated that a dark slaty rock
occurred in contact with the granite (quartz monzonite with both
muscovite and biotite) on the west, the plane of contact being very
steep; but this was covered in 1907 by the falling in of drift.

Schist occurs in the village of Adamant in Calais, within a small
fraction of a mile of a ridge of biotite granite. '
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On Buffalo Hill in Hardwick a very biotitic quartz monzonite is
m contact with a medium-grained biotite-quartz schist containing
zoisite. . :

The inference from the contacts and inclusions referred to is that
the gray biotite granite of Barre, Calais, and Woodbury, the white
quartz monzonite of Bethel, and the gray of Ryegate and of Buffalo
Hill in Hardwick, and probably that of Derby, were intruded into
certain mica schists and mica slates which are metamorphosed clayey
and sandy sediments. Whether the intrusion of granites of such
diverse characters as those of Barre, Bethel, and Hardwick was
simultaneous can not yet be determined.

The green syenite (hornblende-augite granite) of Mount Ascutney
in Windsor is in contact with a mass of schist which crops out along
the base of the mountain a little below the Norcross quarry and has
been carefully traced by Daly on three sides of the syenite mass and
mountain.® He has also described theé changes brought about in the
schist by the intrusion of the syenite® and shows a biotite granite
intrusive in syenite on the eastern flank of the mountain.

In view of the pressure needful for the formation of granite the
original thickness of the schist masses into which these various.
granites were intruded must have beenvery considerable. The present
granite surfaces have only become exposed by the erosion of those
schist masses. Views have changed as to the age of these schists.
On Hitchcock and Hager’s map the granite areas are represented as
surrounded by “calciferous mica schist’” which was regarded as not
later than Devonian.c Richardson in his papers and map ¢ subdi-
vided the ““calciferous mica schist’” belt of Hitchcock and Hager into
a calcareous formation (in places a marble but containing schist
phases) which he finally designated Waits River limestone, and an
overlying noncalcareous schist member, the Vershire schist. He
associates this latter formation with a certain belt of slate which flanks
the central Green Mountain axis on the east and extends from Lake
Memphremagog south to Barnard and includes the roofing slate of
Northfield and Montpelier. This slate he finally designated the
Memphremagog slate. About 3 miles west of the head of Lake
Memphremagog, at Willards Mills, Castlebrook, Magog, Province of
Quebec, this slate bearsabundant graptolites of lower Trenton age, and
he also cites finds of crinoid stems and crushed graptolites at several

e Daly, op. cit., map, P1. VIL.

b Idem, pp. 33, 34.

¢ Op. cit., vol. 1, p. 470.

dRichardson, C. H., The Washington limestone in Vermont: Proc. Am. Assoc. Adv. Sci., Boston
meeting, vol. 47, 1898, pp. 295-296; also, The terranes of Orange County, Vt.: Rept. State Geologist of
Vermont., n. s. 3, 1902, pp. 84,97, 98, P1. IX; and The areal and economic geology of northeastern Ver-
mont: Rept. State Geologist of Vermont, n.s. 5,1906, pp. 86, 90; also, The geology of Newport, Troy, and
Coventry: Rept. State Geologist of Vermont, n. s. 6, 1908, pp. 274-279,
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points in the Waits limestone.? In his last paper (p. 279) he subdi-
vides the Memphremagog slate at the north into three members,
separated by two limestone members, and places them all in the
Ordovician.

Daly, basing his opinions on Richardson’s results and inferences,
regards the schist of Mount Ascutney as of Trenton or pre-Trenton
age and the intrusion of the syenite as ‘“of later date than the last
great period of rock folding which has affected the Ascutney region,”
and says that'‘the balance of probability makes them of post-Car-
* boniferous and pre-Cretaceous age.””® .

Great difficulties have been experienced on the west side of the
Green Mountain range in distinguishing slates and schists of Cam-
brian, Trenton, and upper Silurian age, because of their petro-
graphical identity in places and also because of the unexpected
unconformity between the Cambrian and Ordovician, and the fre--
quence of faults, as well as the general obscuration of original struc-
ture by cleavage. In view of that it will be well to proceed cau-
tiously in discussing the age of slate and schist belts on the east
side of that range. This is the more important because of the
uncertainty of the geologic mapping, owing to the want of con-
tour maps. In such a territory paleontologic evidence should be
confirmed by carefully established areal and structural relation-
ships in order to obtain final age determinations.

With the understanding that the age determinations obtained
thus far are, for the reasons given, somewhat provisional, theschists
and slates of central and eastern Vermont into which the various
granites were intruded may be regarded as of Ordovician age and
the intrusions as having taken place not during the post-Ordo-
vician mountain-making movement, but during that which occurred
at the close of Devonian or of Carboniferous time. .

' Evidences are not wanting in the composition and microscopic
structure of the granites and in their larger structures as exposed
at the quarries that since their intrusion they have been subjected
to one and possibly several crustal movements. (See pp. 17, 56, 57.)

The basic dikes which traverse .the granite or their inclosing
schists at Barre, Groton, and Mount Ascutney are of later, possibly
Triassic date. ‘

a See Richardson, op. cit., Rept. State Geologist of Vermont, 1902, pp. 94-98, and 1906, pp. 112-114; also

1908, pp. 290, 291.
b Op. cit., pp. 20, 21.
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OUTLINE OF THE EARLIER GEOLOGIC HISTORY OF VERMONT
GRANITES.

The general earlier history of the granites and associated rocks of
" -eastern Vermont may be tentatively put in the following simple
form:

(1) In Algonkian time a period of sedimentation followed by the
intrusion of granitic rocks into the sedimentary beds. These gran-
ites are the present gneisses of the Green Mountain range.

(2) At the close of Algonkian time a crustal movement metamor-
phosing the Algonkian sediments into schists and the granites into
gneisses. This movement was accompanied by folding and eleva-
tion. The earlier mountain system of the State was thus formed.

(3) In early Paleozoic time the submergence of a large area of
Algonkian rocks and the deposition thereon of sediments resulting

from the erosion of Algonkian land masses, together with calca- - -

reous sediments largely of organic origin.

(4) At the close of Ordovician time a crustal movement took
place, metamorphosing the Cambrian and Ordovician sediments
into schist, slate, and marble, and powerfully folding and also ele-
vating them. Some of these schists and slates are those which
now surround the granite areas in the eastern half of the State.

(5) After a long time interval, probably at the close of Devonian
or Carboniferous time, another crustal movement occurred, accom-
panied by the intrusion of the schist mass by granitic material in a
state of fusion with superheated water. The intrusion produced in
places further changes in the schist and also injected it with dikes
of pegmatite. Fragments of the schist became included in the
granite. : A

(6) Not long after the crystallization of the granite it was trav-
ersed by granitic dikes (pegmatite and aplite).

(7) The schist and granite masses were traversed, possibly in
Triassic time, by basic dikes (diabase, etc.).

(8) Atmospheric erosion of the Paleozoic schists and slates, begun
at the close of Ordovician time, has finally removed those parts of
the schist mass which covered the granite domes. This process of
erosion has been accelerated by successive uplifts.

IMPORTANT GEOLOGIC FEATURES AT THE QUARRIES.

The folllowingi paragraphs are devoted to those geologic features
of Vermont granite quarries which are of general interestbecause
of their bearing upon the origin and constitution of granite.
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DOUBLE-SHEET STRUCTURE.

Robeson Mountain, in Woodbury, is a narrow granite ridge, at-
taining an elevation of about 1,100 feet above Hardwick station
and some 930 feet above Woodbury (Sabin) pond. It is from 300
to 400 feet above the hollows on either side of it. Its axis trends
from N. 80° E. to S. 70° W., describing a slight curve. Near its
west-southwest end the Fletcher quarry cuts the ridge from south-
east to northwest, and in 1907 had reached a depth of 40 feet. The
sheets: exposed here are from 1 to 5 feet thick, horizontal at the
top of the ridge, but curving over on the southeast with a dip of
15° to 30°, as shown in Plate IV, B, and determmmg the slope of
the ridge on that side. These shee’cs are, however, intersected by
another set from 5 to 9 feet thick, dipping 5° to 10° S.70° W. in
the direction of the axis of the ridge. In the Woodbury Granite
Company’s .quarries, roughly about 1,750 feet N. 80° E. of the
Fletcher quarry, the sheets at the top of the ridge turn, dipping
to the northern horizon. Lower down on the southeast side of
the ridge they are from 2 to 18 feet thick and dip 20° SSE., with
an intersecting set which is horizontal and evidently corresponds
to the second set of the Fletcher quarry.

The only explanation offered for this double-sheet structure is
the existence at some time of a secondary compressive strain oper-
ating differently from that which produced the primary sheet struc-

-ture to which the ridge owes its form, and giving rise to a nearly

horizontal set of joints or sheet partings. There is now a marked
compressive strain in the IFletcher quarry, operating from north-
east to southwest, parting the sheets and giving rise even in the
upper part of the quarry to horizontal strain fractures. Its exist-

_ ence lends support to such an explanation.- In 300 granite quarries

visited thus far by the writer this is the first case of double-sheet
structure or horizontal jointing observed.

COMPRESSIVE STRAIN.

The existence of compressive strain in the granite quarries of
New England has long been known. It has also been observed
in other places and is believed to bear on the. origin of sheet struc-
ture.2 The eflfects of this strain have been noted at the following
quarries in Vermont: The Woodbury Granite Company’s quarry
at Bethel, direction of strain, east-west; certain quarries in Barre—
Boutwell, strain north-south; Bruce, north-south, strong; Wells
Lamson, north-south; Canton, west-east; in Woodbury, Fletcher
quarry (see above), about northeast-southwest; in Groton, Benzie

aSee Bull. U. 8. Geol. Survey No. 313, 1907, pp. 32-37, PL. VII, 4; and Bull. No. 354, 1908, pp. 25, 28.
4782—Bull. 404—-09
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quarry, in all directions; in Ryegate, on Blue Mountain, Tupper
quarry, east-west; in Dummerston, Black Mountain, Lyons quarry,
N. 10° E. to S. 10° W, marked.®

The usual effect of such a strain is the closing of channels or the
crushing of cores between drill holes. Figure 2 is reproduced from
a sketch. A fracture or fault plane has arisen extending tangentially
from the side of one drill hole to that of the next and a slippage of
part of the core has occurred along it, giving the drill holes an elhp-
tical outline and bringing them nearer together.

B

OO Qi

L

FIGURE 2.—Channel holes at Canton quarry, Barre, showing effect of compressive strain. A, Original
drill holes, 3 inches in diameter; B, the same after operation of strain, Displacement along fractures,
1 inch.

SCHIST INCLUSIONS.

Among the notable features of Vermont granite quarries are the
schist inclusions. Those at Barre have been briefly referred to by
Finlay.® Highteen schist inclusions were noticed by the writer in
the Barre quarries: Three at quarry 32 (Pl. I); one of these, 25 by
10 by 10 feet, has a foliation striking N. 30° W. and dipping 60° E.;
another is 20 by 8 by 5 feet. The granite is slightly darker for a
space of 7 feet from these inclusions. At quarry 25 several measure
up to 8 by 2 feet. At quarry 8 two are 10 by 6 by 2 to 3 feet. One
at quarry 6 is 20 by 5 feet. One at quarry 10,is 30 by 3 feet, tapering.
The largest was at the Boutwell quarry, No. 1, measuring 57 by 10
by over 6 feet, with a foliation striking N. 10° E. and dipping 55° W.
Another, 10 by 8 feet, has a foliation striking north and dipping
west. Some of these do not seem to have suffered much horizontal
displacement, for their foliation nearly agrees with that of the schist,
capping. In others it differs greatly.

aSee Bull. U. 8. Geol. Survey No. 354, P1. VIII, B.
b Finlay, George I., The granite area of Barre, Vt, Rept. Vermont State Geologist, No. 3, 1902, p. 51..
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The larger Boutwell quarry inclusion was examined in detail.
Parts of it are lustrous dark-gray muscovite-biotite-quartz schist
spangled with biotite flakes (0.15 inch long) and with® garnets (about
0.05 inch). Parts of it consist of small beds of medium greenish
gray fine-grained quartzite (grains to 0.2 inch) alternating with dark
beds of quartz-biotite schist. The quartzite bands contain plates of
green hornblende (to 0.75 by 0.37 millimeter) and larger garnets
which inclose the quartz grains of the rock. The schist bands contain
" similar plates of biotite lying transverse to the bedding and the
foliation. Both kinds of bands contain lenses of carbonate (up to
0.37 millimeter) and irregular particles and crystals of zoisite and
epidote. As the schists of Barre away from the granite are spangled
with various minerals (see p. 49) it is hardly possible to determine
- which if any of the isolated minerals in this mass was formed at the

time of the granitic intrusion. The hornblende and garnet may
have been. A few inches of the underside of this inclusion consist
of interbanded granite and schist, the schist having evidently at the
time of the intrusion been broken into slivers along its schistosity,
and the semlhqmd granite having been forced in between them.
The specimen in Plate IT, B, at the left, is from this point. It shows
two minute dikes of granite (0.5 to 1.2 inches wide) penetrating the
schist and ramifying. The main ones follow the foliation but the
minor branches form very acute angles with it and taper out. ‘A
thin section made across one of these little dikes and the inclosing
schist shows the former to be the typical biotite granite of Barre
and the latter a quartz-muscovite-biotite schist spangled with biotite
plates (to 0.1 inch). The quartz of the granite shows marked strain
effects. The demarcation between granite and schist is sharp and
no effect of granite upon schist appears.

At the Morrison quarry on Blue Mountain in Ryegate two schist -
inclusions were noticed measuring 8 by 4 and 3 by 1 foot. The
edge of the larger one is injected with: granite which fills lenticular
spaces, as shown in Plate II, B, right. In another specimen the
schist has sharp plications, 5 inches high, with lenses of smoky quartz
parallel to them, but the nearest edge of the inclusion is nearly a
plane surface. "A thin section, 1.6 by 0.7 inches, across the edge of
this inclusion shows a little granite dike, the quartz monzonite of
the quarry, 0.3 to 0.6 inch thick, with schist on both sides. The
latter is a quartz-microcline-biotite schist with a little muscovite and
rare grains of oligoclase. It has lenses of biotite and muscovite in
which large scales of each mica lie at right angles to one another.
The sheets of cavities in the quartz of the granite are about parallel
to the course of the dikelet and the foliation of the schist. Two
other sections of the schist show much apatite in minute crystals
and rare particles of allanite. The sheets of cavities in the quartz
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particles of the schist are at right angles to its foliation and do not
penetrate the quartz of the granite.c

The general inference from these observations is that where a rock
already schistose becomes included in granite the two may become
somewhat minutely interbanded because of the ready fracture along
the schist foliation, and that where such interbanding occurs the
mineral changes in the schistose rock may be relatively slight.b

CONTACT PHENOMENA.,

Those places where quarried granite is in contact with schist or
slate have already been mentioned. At some of the Bethel, Barre,
and Woodbury quarries the contact phenomena are of sufﬁc1ent
general interest to warrant more detalled descripitons. :

BETHEL.

As already stated, the white granite at Bethel appears to be encir-
cled by a zone of finer-grained light buff-gray granite, which is about
40 feet thick. Both
rocks are quartz monzo-
nites, but the finer con-
tains more biotite scales
than the coarser, and
they are mostly very
minute and evenly dis-

- " tributed. On the west
F1cURE 3.—Contact of quartz monzonite on the west side of Ellis . .
quarry, Christian Hill, Bethel, Vt., showing relationsof zoneof  Side of the Ellis quarry

fine granite to coarse granite and to bedding and cleavageof the plane of contact be-~
schist.
tween the coarse and

fine granite strikes N. 15° W. and dips 60° E. The fine-grained granite

is in contact on the west with a finely plicated, very fine grained
quartz-muscovite-biotite schist, and this granite is finer grained at
its contact with the schist than it is 20 feet away. The plane of
contact strikes and dips about as that between the two granites,
and the plications of the schist run parallel to this plane but are
crossed by a slip cleavage striking N. 70° W. and dipping 25° WNW.
The relations are shown in figure 3. Figure 4 shows how the granite
has been molded by the minute wrinkles in the schist. The schist
contains a few small garnets and plates of magnetite. In the glassy
zone the particles range from 0.009 to 0.03 millimeter. In the next
the porphyritic feldspars measure as high as 0.92 by 0.5 millimeter.
There are thus four grades of texture in the granite: The glassy, 1 to

a See Bull. U. 8. Geol. Survey No. 354, p. 46.

. b In connection with this and the next subject the general reader will find some instructlve matter in

Kemp, J. F., A handbook of rocks for use without the microscope, 4th ed., New York, 1908: Generalities
regarding contact metamorphism.
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2 millimeters thick; the very fine (porphyritic, at least toward the
glassy), about 20 feet wide; the fine with feldspar and mica not over
1 millimeter, about 20 feet wide; and the coarse with feldspars up
to 0.4 and 0.5 inch and mica to 0.3 inch, over 200 feet wide.

P MILLIMETER

FIGURE 4.—Camera lucida drawing of enlarged thin section across contact of schist and granite at Bethel,
Vt., shown in diagram in figure 3. A, Fine granite with some larger porphyritic feldspars and biotite
scales, The finer undistinguishable particles of matrix are not shown. B, Zone, 1 to 2 millimeters
wide, of glassy material with but few quartz and feldspar particles and biotite scales (in black); most
of the latter with their long axis parallel to the general contact surface; a few at right angles to it. A
fracture with limonite stain crosses this zone. C, Sharply plicated schist of fibrous muscovite with a
little biotite and much quartz (unshaded particles). The two shaded particles are nonmetallic opaque
mineral. .

BARRE.

The schist which overlies the granite is well exposed. at several
quarries. Finlay ¢ finds a darkened, more biotitic rim about a
centimeter wide in the schist along the granite contact. At two
quarries contact phenomena were well exposed at the time of the
writer's visit. At the Anderson quarry (No. 8, Pl. I) the under
surface of the schist is coarsely serrate, forming as it were a series
of folds, which, however, are not structural. The granite is darker
for a space of 25 feet from the schist, and a foot-thick pegmatite

. dike borders one of the schist tongues. (See fig. 5.)

a Op. cit., p. 51, and PL VIII.
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In the southern corner of this quarry pieces of the mica slate have
scaled off from the mass and been carried a few inches into the
granite. (Seefig. 6.) At this point the schist is a purplish-gray, very
quartzose mica slate of quartz-feldspar-biotite, in places with mus-
covite also,in others without feldspar. Generally the rock resembles
the mica slates used for whetstones. The slate has little dikes of
pegmatite which start from the granite surface with a thickness
of 0.5 inch and taper out at a distance of 4 feet. The course of
these dikes has no reference to the cleavage of the slate and their
thickness is apt to be very irregular. The pegmatite consists, in
descending order of abundance, of quartz, orthoclase, microcline,
oligoclase-albite, and biotite. The quartz has cavities in sheets,
some parallel to the dike, others across it. Minute particles of slate
are here and there included in the pegmatite. The slate within

Length 161 feet

FIGURE 5.—Diagrammatic sketch showing relations of granite and mica schist and slate at Anderson
quarry, Barre, Vt. Length, 175 feet.

a few inches of the granite is marked by very fine-grained, oval
greenish-white spots, 0.1 to 0.5 inch and rarely 4 by 2 inches. These
lenses lie with one of their major axes in the plane of the slaty cleav-
age. In some the biotite is zonally arranged, or the lens has a flange
of biotite extending considerably beyond it and parallel to the
slaty cleavage. Small ones (0.15 to 2.2 by 0.1 to 1 millimeter)
were found in thin section to consist of granitic quartz with biotite
and muscovite scales transverse or diagonal to the longer axis of the
lens, and to be surrounded by a zone, 0.11 millimeter wide, of apatite
particles. One has a little pyrite; another has apatite disseminated
throughout it; another a little carbonate. The schist for a little
space about the lens is finer grained than it is farther away. The
little dikes-do not show apatite except in rare, very minute prisms.
Such dikes and lenses are shown in figure 7.
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These lenses have usually been regarded as the result of vaporous
impregnation from the granite along the cleavage foliation.¢ The
slate about the lenses shows dark in-

tersecting streaks which are due to A
more or less complete fractures lined ZZZ”// ' Granits l
. . . . G
with chlorite with a wide border of 4/,,;;//%/ { !
exceedingly minute undeterminable %%Z% \\ :
black particles. ¢% |
At the Bailey quarry (No. 6, P1. I) =
the contact is somewhat obscured by . /////Z% 3
an inclusion which lies very near the /\ ©
schist capping. As the bedding of the Slate 7 //////,,/////%
inclusion strikes nearly east and west b |
and that of the capping N. 20° to |
60° B., the inclusion has been revolved. o
Both capping and inclusion have been ' |
shattered and injected with aplite i

and pegmatite. The schist, which is ,

A . . FIGURE 6.—Details at contact of mica slate
like thatof the lﬂ,l'ge inclusion at the and granite at south corner of Anderson
Boutwell quarry, described on page 18, ~ quarry, Barre, Vi, as viewed along tho

. . .. strike of cleavage. Height, 6 fect.
consists of little beds of whitish quartz-

ite dotted with greenish hornblende and a few garnets, alternating

Yo Y2 I 2 3Inches

[SunsseEsusEEEEENEESEEERARERREE)

“‘Spec.D. XXIX.43.b.07.

FIGURE 7.—Specimen of purplish-gray mica slate with minute dikes of pegmatite and lenses of apatitic
granite, obtained near contact with granite at Anderson gquarry, Barre, Vt. Cleavage parallel to length
of block. At bottom several lenses (enlarged one-half) from other side of same specimen, showing biotite
flanges and relation to cleavage.

a Vogt regards apatite in veins as having been formed by pneumatolytic agencies. Vogt, J. H. L., Ueber
die durch pneumatolitische Processe an Granitgebundenen Mineral-ncubildungen: Zeitschr. praks. Geolo-
gie, 1894, p. 458; and Die Apatit-Ganggruppe: Idem, 1895, pp. 367, 444, 465. Barrell describes the occur-
rence of apatite in a banded hornstone at contact with granite. He attributes this apatitization to pneu-
matolyticimpregnation. See Barrell, Joseph, Geology of Marysville mining district, Montana: Prof. Paper
U. 8. Geol. Survey No. 57,1907, pp. 128,130. For the formation of apatite at contact of diabase and granite,
see Bull. U. 8. Geol. Survey No. 354, p. 50.
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with little beds of quartz-biotite schist spangled with biotite scales
(0.2 inch long). These beds are crossed by large and minute dikes
of pegmatite. Some of them, only 0.3 to 0.4 inch wide, run trans-
verse to the bedding for a space and then subdivide to pass at right
angles within one of the little beds. Small hand specimens com-
bining both transverse and longitudinal dike courses can be obtained
here. The aplite here has a matrix of quartz, oligoclase-albite,
microcline, particles 0.25 to 0.1 millimeter, with porphyritic feldspar
and quartz from 0.25 to 1 millimeter.

WOODBURY.

The contact of granite and schist is finely exposed on the north-
west side of Robeson Mountain along the granite railroad. The
axes of the schist folds strike N. 70° W. and pitch 30° S., while the
axis of the hill runs about N. 70° E.  The plane of contact appears
to be about parallel to the strike. The schist is of two sorts. One
is a dark, rather coarse biotite-muscovite-quartz schist with minute
black particles and speckled with lenticular biotite plates (up to
0.75 by.0.25 millimeter) lying across the schistosity of the rock.
Some plates have a nucleus of magnetite. There are also a few
lenses of pyrite. The other sort, a thin bed of which touches the
gr anite,is a dark, bluish-gray calcareous muscovitic quartzite abound-
ing here with slender flattish six-sided prisms (up to 2 by 0.34 mil-
limeters) of a light-colored hornblende. These are evidently the
product of contact metamorphism. The granite sends little pegma-
titic dikes into the schist. At the Webber quarry north of the
mountain the capping is similarly injected.

All these contact phenomena lead to the following general infer-
ences:

The 40-foot zone of fine-grained granite, with its three grades of
texture, which intervenes between the coarse granite and the schist
at Bethel, shows the effect of more rapid cooling upon texture. The
material nearest the schist is glassy but that farthest away is coarsely
crystalli‘ne The semiliquid condition of the granite when it met the
schist is shown by its having been molded by the delicate plications
of the schist.

. That the gxamtlc intrusion at Barre was accomphshed under
great pressure is indicated by the intrusion of minute granitic dikes
into such narrow transverse and longitudinal fissures in the schist
and slate. ) '

That the granitic intrusion at Barre was also attended by sufficient
heat and moisture to inject the constituent elements of quartz,
feldspar, biotite, pyrite, and apatite in vaporous condition into
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the cleavage foliation of the slate is shown by the position and char-
acter of the lenses described: The formation of these lenses also
affected the texture of the slate. '

That at Woodbmy the same causes sufficed to ploduce minute
hornblende prisms within a calcareous quartzite along the granite
contact.

ORBICULAR GRANITE.

The white quartz (muscovite-biotite) monzonite of Bethel is
crossed on the east side of the Ellis quarry (see p. 113 and fig. 25) by
a belt a few feet thick which has a marked flow structure consisting
of vertical micaceous bands half an inch or less wide, a foot or more
apart, and with a northerly strike. The micas in these bands tend to
arrange themselves about the quartz and feldspar particles and are
roughly parallel. Near the granite surface there is here a branching
mass of wrinkled bronze-colored micaceous material a foot thick
lying in the plane of flowage. Biotite appears to be the chief con-
stituent in this mass. In thin section it consists of coarse stringers
of an olive-greenish biotite, more or less completely surrounding
particles of quartz and soda-lime feldspar. There are also small
scales of muscovite penetrating the quartz and feldspar particles.
In this same flowage belt there are crowds of elliptical discoid nodules
of bronze-colored mica from 0.7 to 0.5 to 2 by 1.5 inches, and about
0.2 inch thick. The surfaces of these disks are either longitudi-
nally or concentrically corrugated. While most of these nodules are
discoid, some of the smaller ones are nut shaped, resembling those in
the well-known butternut granite of Craftsbury and Northfield, Vt.e

Aside from their discoid form, the noticeable features of the Bethel
nodules are that they lie in sheets parallel to the flow structure and
that the major axes of the disks are parallel to the micaceous flowage
bands. Plate II, A4, is from a photograph of a hand specimen con-

taining one of the larO'er disks.
~ The attention of geologists was first called to the nodular granite
of Craftsbury (“‘Craftsbury pudding granite’’) by Hitchcock and
Hager in 1861. It was next described by Hawes in 1878,> and in 1885
in greater detail by Chrusthov, and again by the same geologist in
an elaborate monograph in 1894.¢ He found that the nodules con-
tained over. twice as much calcite as the granite. As both the
granite and nodules of Craftsbury differ from those of Bethel, his

aSee Hitchcock and Hager, Report on the geology of Vérmont, 1861, vol. 2, pp 563, 564, 721; also Dale,
T. N., Bull. U 8. Geol. Survey No. 275, 1906, p 90; Perkins, G. H chort state gcologis(. of Vermont;,
1906, p 108, P1. XXXII, fig. 2.

b Hawes, G., Geology of New Hampshire by C. H. Hitchcock, vol. 3, pt. 4, 1878, p. 203, pl. X1, fig. 4.

¢ Chrusthov, Konstantin Dmitrijevie, Note sur le granite variolitique de Craftsbury en Amérique: Bull.
Soc. min. de France, 1885, vol. 8, pp. 132-141.

d Ueber holokrystalline makrovariolitische Gesteine: Mém. Acad. imp. des sciences de St. Pétershourg,
ser. 7, vol. 42, No. 3, 1894, Pudding granit von Craftsbury, Vt., pp. 132-146, pl. 2, fig. 9, and pl. 3, fig. 22.
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inferences do not exactly apply to the Bethel nodules. But a con-
clusion of Frosterus from the study of a nodular granite in Finland
applies well to that of Bethel, and shows the real significance of its
nodules. It is that the nodules are basic segregations lying in a more
basic part of the granite, indicating that the orbicular structure is
simply a basic flowage band (““Schliere”) and that the nodules them-
selves lie in this as stlll more basic segregations.®

The nodules in orbicular granite vary greatly in composition, size,
and structure. Orbicular granites have been described from Bohe-
mia, California, Corsica, Finland, France, Germany, Greece, Ireland,
North Carolina, Norway, Ontario, Portugal, Rhode Island, Sardinia,
Scotland, and Sweden. The literature of the subject is already
large, embracing forty-six papers and probably more.b

DELIMONITIZATION ON THE UNDER SIDE OF SHEETS.

At the Frazer quarry on Blue Mountain, in Ryegate, there is a band
of rusty stain or “sap” along the base of a sheet 12 feet thick which
dips 25° SW. away from the mountain. Usually this limonitic stain
affects the upper and lower parts of granite sheets for several inches
from the sheet surface, but in this case the rusty band, which is only
an inch thick, is separated from the lower sheet surface by an interval
of 1 or 2 inches of clear granite. These rusty bands are due either to
the oxidation of ferruginous minerals by clear water or to the depo-
sition of limonite by ferruginous water—in both cases circulating
between the sheet surfaces. (See, further, Bull. 354, pp. 35, 56.)

A careful examination of the specimen shows that all the minerals
in the rusty band are stained a medium brown, and that the space
below it, although of the same color as that above it, yet has dots 0.1
inch wide of very dark brown. A thin section of this part shows
limonite proceeding from biotite and allanite crystals. A thin section
of the clear granite above the band shows no limonite whatever about
a crystal of allanite. There seems, therefore, to have been a partial
delimonitization of the lower part of the zone of “sap,” which may be
attributed to organic acids in the water circulating between the sheets
after that whlch produced the stain.

aFrosterus, Benj., Ueber ein neues Vorkomnis von Kugelgranit unfern Wirvik bei Borga in Finland,
nebst Bemerkungen iiber dhnliche Bildungen: Tschermaks Min. pet. Mitt., Vienna, vol. 13, pt. 3, 1893,
p. 187.

bSee Zirkel, F., Lehrbuch der Petrographxe 2d ed., vol. 2, 1894, Kugelbildung, pp. 50, 51; also Rosen-
busch, H. MLkroskopische Physiographie der Mmcrahen und Gesteine, 4th ed., vol. 2, 1907, Kugelstruktur,
Pp. 85-94.



PART II.—ECONOMIC DISCUSSION.
THE GRANITE RAILROADS. -

The granite industry of Vermont owes no small part of its present
prosperity to ‘‘granite railroads,” which connect not only groups of
quarries, but every quarry in each group with the main-line, although
these quarries are situated at considerable elevations and are incon-
veniently related to one another. Plate I shows the intricate char-
acter of the granite railroad about Millstone Hill near Barre; figure 8
gives a general idea of that connecting Robeson Mountain in Wood-
bury with Hardwick, and figure 24 that leading from Christian Hill
to Bethel.

DESCRIPTION OF THE GRANITES AND QUARRIES.
CALEDONIA COUNTY.

The quarries of this couhty are in the towns of Hardwick, Kirby,
Newark, Ryegate, and Groton.

HARDWICK.

Professor Perkins, in 1906, called attention to a fine light granite
quarried in this town by the Northern Granite Company, from which
stone more than 50 statuettes had been cut. He also mentioned
granite quarries at Mackville, a mile east of Hardwick village as then
operated by the same company.® As none of these quarries were in
operation in 1907 they were not visited by the writer.

The Buffalo Hill quarry is on Buffalo Hill about 24 miles S. 60° W.
from Hardwick village and about 500 feet above it. (See map, fig. 8.)
Operator, Hardwick Granite Company, Hardwick, Vt. )

The granite (specimen D, XXIX, 58, a and d), ‘‘dark-blue Hard-
wick,” is a quartz monzonite of dark-gray shade, a little darker than
‘‘dark Barre” and a trifle lighter than ‘‘dark Quincy.” Its texture is
medium, with feldspars up to 0.3 inch and mica to 0.2 inch, generally
even grained but with sparse, clear, porphyritic feldspars up to 0.4
inch, inclosing the feldspars, quartz, and mica. Its constituents, in
descending order of abundance, are smoky quartz with hairlike
crystals of rutile, with cavities in sheets parallel to rift cracks and

a See Perkins, George H., Report state geologist of Vermont, n. s. 5, 1906, p. 105.
27
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with another shorter and rarer set at right angles to the first;
milk-white soda-lime feldspar (oligoclase to oligoclase-andesine),
much kaolinized, somewhat micacized and epidotized,-and containing
calcite; in about equal amount with this feldspar a clear to bluish-
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FIGURE 8.—Map compiled from various sources showing approximate locations of granite quarries in
Woodbury, Washington County Vt. Quarries: 56, Fletcher; 57, Woodbury Granite Company; 61,
Carter; 62, Carson; 63, Ainsworth; 65, Drenan; 67, Webber, new; 68, Webber, main; 69, 70, old quarries;
72, Leach; 73, Chase. ' . )

white potash feldspar (microcline with a little orthoclase), some
of it kaolinized, some inclosing particles of all the other constituents;
olive-colored biotite (black mica) with a little muscovite or bleached
biotite. The accessory minerals are pyrite, magnetite, ‘apatite,
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zircon (crystals), and allanite; the secondary, kaolin, a white mica,
epidote, and calcite. The soda-lime feldspar is radially intergrown
with quartz.

The stone effervesces slightly with dilute muriatic acid.

An estimate of the mineral percentages by the Rosiwal method
gives. these results with a mesh of 0.4 inch and a total linear length
of 38.8 inches.

Estimated mineral percentages in ‘‘ dark-blue Hardwick” granite.

Feldspar. - .ottt 62. 05
QUATEZ - - oot i 21.75
Mica (blotlte) ................................................. 16. 20

100. 00

The average diameter of all the particles by the same calculation
in 0.093 inch; that of feldspar, 0.106 inch; of quartz, 0.122 inch;
and of mica, 0.052 inch.

This is a bright stone with strong contrast between the white
feldspar and black mica. It takes a fair polish, and hammers light
with marked contrast to the polished face, whlch shows some pyrite
and less magnetite.

The quarry, opened about 1887 is a small irregular opening 20 to 30
feet deep. It is a bowlder quarry without sheets. There are the fol-
lowing joint systems: (a), strike, N. 30° W., dip 35° W., spaced
about 10 feet; (b), strike, N. 45° E., dip 40° NW., spaced about 10
~ feet; (c), strike, N. 25° W., dip 50° to 75° NE., spacing irregular.
The rift is reported as vertical with N. 50° E. course, and the grain
as about like joints (a), but neither is marked. There are some
white, probably feldspathic, and black biotitic ‘‘streaks,” really
veins, with curving course. Rusty stain up to 6 inches thick appears
on joint faces.

The plant consists of one horse derrick.

Transportation is by cart 24 miles to Hardwick.

The product is used for monuments, particularly for polished and

rock-faced work.
: KIRBY.

The quarries are all on Kirby Mountain in the east part of the town-
ship and about 9 miles northeast of St. Johnsbury. (See map, fig. 9.)

GROUT QUARRY.

The Grout quarry is on the south side of Kirby Mountain in Kirby,
2% to 3 miles N. 20° W. of North Concord and about 450 feet above
the station there.” (Seefig.9.) Operators, Carlton & Lake, East St.
Johnsbury, Vt. '



30 THE GRANITES OF VERMONT.

Grout quarry gray granite (specimen D, XXTX| 76, a) is a biotite
granite of light to medium, slightly bluish-gray color and of medium
inclining to fine, even-grained texture with feldspars up to 0.25

1
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FicURE 9.—Map of Kirby and Newark, from Beers’s Atlas. 74,
Bugbee; 76, Grout; 77, Kearney Hill; 78, Burke Granite Company.’

and mica to 0.1 inch.
Its constituents, in de-
scending order of abun-

- dance, are: Clear to

translucent potash
feldspar  (microcline,
with inclusions of the
other constituents, and -
also orthoclase); light
smoky quartz with cav-
ities in sheets with a
set of cracks parallel
to them; milk-white
soda-lime feldspar (al-
bite to oligoclase-al-
bite) much kaolinized
and with some white
mica; biotite (black
mica) and a little
muscovite or bleached
biotite. Zircon is an
accessory mineral.
Neither magnetite nor
pyrite was detected.
Secondary minerals are
kaolin and a white
mica. The granite

X does not effervesce in

cold dilute muriatic
acid.

This isabright stone,
but the fineness of its
mica and the light
shade of its quartz pre-
clude strong contrasts.

The quarry, opened
about 1899, consists of
two openings, the
northern and wupper

one 40 by 25 feet and 10 feet deep; the lower one 70 feet square

and 3 to 5 feet deep.
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The sheets, from 6 inches to 4 feet thick, but obscure in the upper
opening, strike N. 55° E. and dip 25° SE. The joints are: (a), ver-
tical, strike N. 25° W, spaced 1 foot to 2 feet 6 inches to 50 feet; (b)
strike N. 85° E., dip 55° N., forming the south wall, spaced 6 to 8 feet;
(c) strike N. 80° W., dip 40° N. 20° E., spaced 9 feet. The rift is
reported as vertical, with N. 70° E. course, and grain as horizontal.
The flow structure, consisting of streaks of biotite, is parallel to rift.
There are some biotitic knots. A vertical quartz vein, half an inch
thick, strikes N. 65° E. Rusty stain is confined to the surface and the
thinnest sheets next to it. S

Three aplite dikes strike N. 80° E. and are 6 feet 6 inches, 6 feet, and
1 foot thick. This aplite (specimen D, XXIX, 76, b) is dark gray and
of very fine porphyritic texture. But few particles can be distin-
guished; feldspar 0.1 inch, mica 0.05 inch. It effervesces slightly
with cold dilute muriatic acid. In thin section the particles of
groundmass range from 0.037 to 0.148 millimeters, and consist, in
descending order of abundance, of quartz, microcline (possibly also
orthoclase), rare soda-lime feldspar, minute biotite scales, muscovite
or bleached biotite, and secondary zoisite. The porphyritic particles
and crystals are quartz, soda-lime feldspar, orthoclase, and biotite.
One of the former feldspars has curved twinning planes, another is
faulted across them, and has much secondary quartz about it, all
indicating motion after crystallization. Calcite was not detected
microscopically, but is present.

The plant consists of one horse derrick and one hand derrick.

Transportation is by cart 5 to 6 miles to rail at Concord.

The product is used for monuments.

KEARNEY HILL QUARRY.

The Kearney Hill quarry is on the west foot of Kirby Mountain, in
Kirby, about 2% miles, roughly, N. 55° W. of North Concord. (See
fig. 9.) It is operated by the Kearney Hill Quarry Company, Con-
cord, Vt.

Gray granite of Kearney Hill (specimen D, XXIX| 77, a, b) is a
quartz monzonite of light-gray shade with conspicuous fine black
specks and medium inclining to coarse, generally even-grained tex-
ture, with feldspars up to 0.3 inch and mica to 0.2 inch, but with
sparse porphyritic clear feldspars, embracing the other constituents,
up to 0.5 inch. Its constituents, in descending order of abundance,
are: Clear, colorless quartz with hairlike crystals of rutile and fluidal
cavities in sheets; bluish to milk-white soda-lime feldspar (oligoclase),
somewhat kaolinized and micacized, and inclosing much carbonate;
some of it is intergrown with quartz in vermicular structure; clear
potash feldspar (orthoclase and microcline, some of the orthoclase
micacized); a large porphyritic orthoclase embracing all the other
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constituents; biotite (black mica), some of it chloritized; and a little
muscovite. The accessory minerals are pyrite, allanite, apatite,
zircon, and rutile. The secondary are kaolin, a white mica, chlorite,
and calcite. There is some eﬁervescence with cold dilute muriatic
acid.

Owing to the larger size of the biotite scales and the clearness of the
quartz the contrasts are more marked than in the stone of the Grout
quarry, and the sheen of the porphyritic feldspars on the rough face
is marked.

The quarry, opened in 1906, measures about 100 by 35 feet and 5
feet in depth.

The sheets, from 1 to 3 feet thick, are horizontal or inclined 15° S.
There is but one set of joints, which strikes N. 65° E. and is vertical,
and is spaced 5 to 20 feet. The rift is reported as horizontal and the
grain as vertical, with N. 20° W. course. Biotitic knots are up to 1.5
inches across. A ‘“shake’ structure extends down to 16 inches from
the surface. .

The plant consists of one hand derrick.

Transportation is by cart 54 miles to a cuttlng ﬁ1m and rail at
Concord.

The product is used for monuments.

BURKE QUARRY.

The Burke quarry is on the west foot of Kirby Mountain, in Kirby,
about 1,000 feet N. 60° . from the Kearney Hill quarry, and about 2%
miles, roucrhly, N. 50° W. from North Concord. (See map, fig. 8.)
Operator Burke Granite Company (Incorporated), East Burke, Vt.

The granite (specimen D, XXIX, 78, a) is a quartz monzonite of
light to medium gray shade, and of medium inclining to fine, even-
grained texture, with feldspars up to 0.25 inch and mica to 0.1 inch.
Its constituents, in descending order of abundance, are: Light smoky
quartz with hairlike crystals of rutile, and sheets of cavities with
cracks parallel to them; milk-white soda-lime feldspar (oligoclase)
much kaolinized and micacized, with some carbonate and epidote,
and in places intergrown with quartz in vermicular structure; clear to
scarcely bluish potash feldspar (microcline with inclusions of oligoclase,
quartz, and mica, also orthoclase micacized); biotite (black mica)
some of it chloritized; and muscovite (white mica). Accessory min-
erals are very little magnetite, apatite, zircon, and rutile. Secondary
minerals are kaolin, a white mica, epidote, zoisite, carbonate, and
chlorite. There is no effervescence with cold dilute muriatic acid.

This stone closely resembles that of the Grout quarry in its shade
and weakness of contrasts.

. The quarry measures about 175 by 100 feet and from 10 to.20 feet
in depth. v
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Between this and the Kearney Hill quarry there is an outcrop of
schist, either an inclusion or the original schist capping, which strikes
N. 15° E. The sheets, from 1 to 5 feet thick, dip 10°S. There are
three sets of joints: Set (a), striking N. 25° to 30° W., dipping 30° W.,
forms the east wall, recurs 100 feet west, and has some parallel sub-
joints; (b), discontinuous, strikes N. 5° W., dips 65° E. to 90°, and is
spaced 100 feet; (c), discontinuous, strikes N. 75° K., is vertical, and
is spaced 2 to 50 feet. The rift is reported as horizontal and marked,
and the grain as vertical with N. 70° E. course. Biotitic knots are up
to 2 inches across. There is little or no rusty stain below the top
sheet.

The plant consists of a derrick and hoisting engine, an air com-
pressor (capacity 100 to 200 cubic feet of air per mmute) two large
rock drills,’and three air plug drills.

Transportation is by cart 53 miles to rail at Concord.
The product is used for rough and cut monuments, and finds a-

market mostly in the West.
' NEWARK.

The Bugbee, Alexander & Packer prospect is in the eastern part
of Newark, on the west side of a ridge between Center Pond on the
west and the East Branch of the Passumpsic on the east. This
ridge lies north of Burke Mountain and southeast of Ball Hill. There
is a marked east-west sag in the ridge. The prospect is a little north
of the sag on a gently-sloping bench below the steeper part of the
ridge and 363 feet above Center Pond, about east-southeast from its
south end. (See map, fig. 9.) The intending operators are E. H.
Bugbee and W. S. Alexander, of Barre, and H. D. Packer, of
Newark, Vt.

The granite (specimen D, XXIX, 74, b), “Newark pink,” is a
biotite granite of light pinkish gray color and of coarse, even-grained
texture, with feldspars up to 0.8 inch and mica to 0.15 inch. Its
constituents, in descending order of abundance, are: Light pinkish
gray potash feldspar (orthoclase and microcline), some of it inter-
grown with soda-lime feldspar or with inclusions of it, slightly kaolin-
ized; medium smoky quartz with cavities in sheets; cream-colored,
in plaoes slightly greenish gray, striated soda-lime feldsp&r (albite
to oligoclase-albite), much kaolinized, and with some white mica and
carbonate; biotite (black mica), some of it chloritized. Accessory
minerals are magnetite, pyrite, titanite, and allanite. Secondary
minerals are kaolin, a white mica, epidote, and calcite.

4782—Bull. 404—09——3

o
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An estimate of the mineral percentages by the Rosiwal method,
with a mesh of 0.6 inch and total linear length of 46 inches, yields
these results:

Estimated mineral percentages in granite at Newark.

Feldspar. - . .. ..o . 64. 80
QUATEZ . « . o e et e e e 30. 30
Mica. oo s 4. 64
Magnetite. .. ... ... ... 26

100. 00

The average diameters of the particles obtained from the same
calculation are: Feldspars (adding 20 per cent to the number as an
estimate of the uncounted soda-lime particles), 0.162 inch; quartz,
0.106 inch; mica, 0.0406 inch. Average diameter of all particles,
0.123 inch.

The rock effervesce jslightly with cold dilute muriatic acid. W.T.
Schaller, chemist, of the United States Geological Survey, finds that -
it contains 0.23 per cent of CaO (lime) soluble in warm dilute acetic
acid (10 per cent), which indicates a content of 0.4 per cent of CaCO,
(lime carbonate, calcite), the presence of which mineral is also shown
by the microscope.

The contrasts in this granite are chiefly between the smoky quartz
and the combined feldspars. It has very sparse porphyritic feldspars
up to 1.5 by 0.5 inches, but these are hardly numerous enough to
impart to it a technically porphyritic texture. The polished face
shows magnetite in minute particles and very few of pyrite. The
polish is fairly good, the mica particles, although somewhat large,
not being very abundant.

The sheets on the steeper, higher part of the ridge 110 feet above
the bench carrying the outcrop sampled, are from 3 to 6 feet thick
and not far from horizontal. Joints (a) strike N. 30° E., dip 70° W.;
(b) strike N. 5° W. and are vertical. The rift is possibly N. 85° E.
and vertical. The granite for a thickness of 110 feet and presumably
to the top of the ridge is the same as that described.

The nearest railroad is 8 miles away.

RYEGATE.
TOPOGRAPHY.

The Ryegate quarries are on the southwest and northeast sides of
Blue Mountain, a ridge with a northwest-southeast trend situated
about 5 miles west of Connecticut River in the east-central part of
the town. (See maps, figs. 1.and 10.)

-
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GENERAL GEOLOGY. ~

A mica schist crops out in the village of South Ryegate with avery
steep dip, and appears to continue 3 miles north onto a bench on the
southwest side of Blue Mountain and 770 to 800 feet above the village.
The granite extends from the back or northeast part of the bench to

“the top of the ridge. At a point about 770 feet above the village the
foliation and bedding of the schist strike N. 50° W. and dip 55° NE.
In places the schist is coarse and speckled, but with it is interbedded
a very quartzose mica slate (quartz-biotite-muscovite-epidote).

DESCRIPTION OF RYEGATE GRANITE.

The granites of Blue Mountain are quartz monzonites and biotite
granites of light and medium more or less bluish gray color and of
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FIGURE 10.—Map of Ryegate, Groton, and part of Topsham, from lieers's Atlas. Quarries:

80, Benzie; 87, Ricker.
medium, very rarely fine to medium, even-grained texture, and are
used chiefly for rough or hammered monuments. All the quartz

monzonites of Ryegate ought to cut light.

GEOLOGY OF RYEGATE QUARRIES.

The inclusions of schist in ‘“Ryegate granite” have already been
described on page 19 and shown in Plate II, B, at the right. The
sheets, ranging from 6 inches to 12 feet thick, are in places horizontal
and in others dip from 5° to 25° S. 25°, 45°, 60° W., also gently S.
and S. 45° E., on the southwest side of the mountain. Their relation
to that slope of the mountain is apparent at the Frazer quarry and
on the ridge northeast of the Italian quarry for some 300 feet above it;
but at the Rosa quarry, on the other side of the axis of the ridge, the
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sheets range from horizontal to 10° E., thus indicating a broad anti-
clinal sheet structure. There are four sets of joints or two sets, each
with its complementary one. The strikes are N. 70° to 90° W., N. 5°
E., N. 50°W., and N. 30° E. The flow structure, shown by biotitic
streaks and planes, strikes N. 70° W., and dips 20° to 25° N. 20° E.
The rift is reported as vertical with north-south or N. 55° K. course,
and the grain as horizontal. A 22-inch basic dike crosses the granite
on the northeast side with a N. 65° W. course. The granite for a foot
on either,side of it has subjoints one-half to 3 inches apart parallel
to the dike. Small pegmatite dikes have N. 50° W. and N. 15° E.
courses. The delimonitization of the rusty stain on underside of
sheets has been noticed on page 26.

GIBSON QUARRY.

The Gibson quarry is on the southwest side of Blue Mountain, 940
feet above the village of South Ryegate. Operator, Ryegate Granite
Works, South Ryegate Vt.

The granite (specimen D, XXIX, 81, a, from upper sheets) is a
quartz monzonite of light to medium gray shade and medium, even-
grained texture with feldspars up to 0.4 inch and mica to 0.1 inch.
Its constituents, in descending order of abundance, are: Very light
smoky quartz with fluidal and other cavities in sheets and a set of
cracks parallel thereto, also with traces of another set of sheets at
right angles to these; milk-white soda-lime feldspar (oligoclase)
slightly kaolinized with a little white mica and epidote, some of it
intergrown with quartz in vermicular structure ; bluish potash feldspar
(microcling, also orthoclase) similarly intergrown ; biotite (black mica)
and a little muscovite or bleached biotite. Accessory, titanite; zircon
crystals apatite, and pyrite. Secondary, epidote, kaolin, and white
mica.

The rock does not effervesce Wlth cold dilute muriatic acid. TIts
contrasts are weak.

The quarry, opened in 1906, is about 200 feet square and from 2
to 4 feet deep. _

The sheets, from 6 inches to 4 feet thick, dip 15° S. 25° W. and are
normal. There is but one set of joints, which strike east-west, and
are vertical, at irregular intervals, and discontinuous. The rift is
reported as vertical north-south and the grain as horizontal. The'
flow structure (biotitic streaks) strikes N. 70° W. and dips 20° N.
20° E. A schist inclusion measures 12 by 8 inches. Small vertical
pegmatite dikes strike N. 15° E.

The plant consists of a derrick, hoisting engine, two air com-
pressors, a steam drill, and two air-plug drills.

Transportation is by cartage 3 miles to cutting sheds at South
Ryegate, 940 feet lower.
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" The product is used for monuments and bases, and to some e‘(tent
for building.

MORRISON QUARRY.

The Morrison quarry is on. the southwest side of Blue Mountain,
in Ryegate, about 940 feet above the village of South Ryegate and
about 700 feet southeast of the Gibson quarry. Operators, D. A.
Morrison & Co., South Ryegate, Vt.

The granite (specimen D, XXIX| 82, b) is a quartz monzonite of
medium gray shade and medium, even-grained texture, with feld-
spars up to 0.4 inch and mica to 0.2 inch. Its constituents, in
descending order of abundance, are: Very light smoky quartz with
_ hair-like crystals of rutile and cavities in sheets in two rectangular
directions and cracks parallel thereto; milk-white soda-lime feldspar
(oligoclase), somewhat kaolinized, with some white mica and rarely
epidote, also intergrown with quartz in vermicular structure; bluish
potash feldspar (microcline and orthoclase), intergrown w1th quartz
in the same way; biotite (black mica); and a little muscovite or
bleached biotite. Accessory: Zircon, apatite, rutile. Secondary:
Kaolin, epidote, a white mica, and calcite, as shown also by muriatic
acid test.

This stone is identical with that of the Gibson quarry, but its
contrasts area little sharper, as the quarry had got down to thicker
sheets. Although the contrasts are feeble the smoky quartz is
somewhat conspicuous.

The quarry, opened in 1900, measures about 400 by 200 feet, with
an average depth of 20 feet.

The sheets, from 1 to 5 feet thick, dip very gently south and south-
east. There are two sets of joints: (a), striking N. 85° E., dipping
70° S, forms a heading on the north side; (b), striking N. 30° E.,
dipping 75° N. 30° W, is discontinuous and spaced very irregularly.
The rift is reported as vertical north-south, and the grain as hori-
zontal. Schist inclusions measuring 3 feet by 1 foot and 8 by 4 feet
are described on pages 19,20. (See also PL.II, B, at the right.) Small
pegmatite veins, ‘“tight sets,” are bordered w_1th large biotitic spots
and muscovite flakes.

The plant consists of two horse derricks.

Transportation is by cartage 3 miles to South Ryegate, 940 feet
lower.

The product is used for bases and hammered monuments.

ITALIAN QUARRY.

The Italian quarry is on the southwest side of Blue Mountain, 940
feet above the village of South Ryegate and about 400 feet N. 60° W.
from the Gibson quarry. Operator, Caledonia Quarry Company,
South Ryegate, Vt.
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The granite is a quartz monzonite of light to medium gray shade
and medium, even-grained texture, identical with that of the Mor-
rison and Gibson quarries. -

The quarry, opened in May, 1907, measures about 250 by 100 feet
and from 1 to 5 feet in depth.

The sheets, from 10 inches to 5 feet thlck dip 20° W. Only one
set of joints, which strikes N. 50° W. and dips 30° E., and is spaced
50 feet. The rift is reported as vertical with N. 55° E. course and
the grain as horizontal, and both as equal. Two pegmatite dikes
(0.25 and 2.5 inches thick) strike N. 50° W. and dip 45° N. 50° E.
There is a biotitic segregation 3 inches by 1inch. There is little or
no rusty stain on sheet surfaces.

The plant consists of one horse derrick.

The product is carted 3 miles to South Ryegate and is used for
bases and hammered monuments.

TUPPER QUARRY.

The Tupper quarry is on the southwest side of Blue Mountain,
about 600 feet S. 20° E. of the Italian quarry and from 940 to 960
feet above South Ryegate. Operators, W. S. Tupper & Co., South
Ryegate.

The granite is a quartz monzonite of light to medium gray shade
and medium texture, identical with that of the Morrison, Gibson, and
Italian quarries.

The quarry, opened in May, 1907, measures about 100 by 50 feet
and 3 feet in depth.

The sheets, from 1 to 3 feet thick, dip 5° 8. 60° W. There is only
one joint, which strikes N. 40° W. and dips 35° S. 40° E. Little
pegmatite dikes up to 0.75-inch wide occur at irregular intervals,
striking N. 50° W. and dipping 30° N. 50° E.

There is a compressive east-west strain.

The plant comprises one horse derrick.

Transportation is by cartage 3 miles to South Ryegate, 950 feet
lower.

The product is used for bases and hammered monuments.

ROSA QUARRY.

The Rosa quarry is on the northeast side of a southeast spur of
Blue Mountain, which is about 300 feet below its top and in line with
its main axis. This quarry is about one-third mile by road fromthe
Frazer quarry and about 1,100 feet above South Ryegate. Operator,
Vermont Gray Granite Company, South Ryegate, Vt.

The granite is of two kinds. The first is fine gray (specimen D,
XXIX, 79, a), a biotite granite of medium gray shade and of fine
inclining to medium, even-grained texture, with feldspars up to
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0.2 inch and mica to 0.1 inch. Its general shade is a trifle darker
than that of the quartz monzonite of the Morrison quarry. Its
constituents, in descending order of abundance, are translucent to
very light bluish gray potash feldspar (orthoclase and microcline);
light smoky quartz with hair-like crystals of rutile, and fluidal and
other cavities in sheets with cracks parallel thereto; whitish soda-lime
feldspar (oligoclase) slightly kaolinized, micacized, and epidotized,
in places intergrown with quartz in vermicular structure; biotite
(black mica), a little muscovite or bleached biotite. Accessory:
Apatite, zircon crystals, titanite. Secondary: Kaolin, a white
mica, epidote, limonite. _

W. T. Schaller, chemist, of the United States Geological Survey,
finds that this stone contains 0.03 per cent of CaO (lime) soluble in
warm, dilute (10 per cent) acetic acid, which indicates the presence
of 0.05 per cent of CaCO, (lime carbonate). No carbonate was
detected in thin section nor any effervescence with cold dilute muri-
atic acid.

“The fineness of the texture of this stone precludes mineral contrasts.

The other granite (specimen D, XXIX, 79, b), ‘‘coarse gray,” is
a biotite granite of medium bluish-gray shade, and medium, even-
grained texture, with feldspars up to 0.3 inch and mica to 0.15 inch.
This is also a trifle darker than that of the Morrison quarry. Its
constituents, in descending order of abundance, are: Translucent
bluish-gray potash feldspar (microcline and orthoclase); light smoky
quartz with fluidal and other cavities in sheets, with cracks parallel
to or coinciding with them; milk-white soda-lime feldspar (oligo-
clase) somewhat kaolinized, a little micacized, with some carbonate
and less epidote; biotite (black mica), some of it bleached. Accessory:
Apatite in slender prisms, allanite. Secondary: Kaolin, calcite,
white mica, epidote. The stone effervesces with cold dilute muriatic
acid. '

Its contrasts are stronger than those of the quartz monzonites of the
Morrison and Gibson quarries. It contains more biotite.

The quarry, opened in 1906, measures about 150 by 75 feet and
from 10 to 25 feet in depth.

The sheets, from 1 to 10 feet thick, are horizontal or dip to 10° E.
There are three sets of joints: (a), striking east-west, dipping 65° S.,
forms a 3-foot-wide heading on the north; (b), striking N. 70° to 80°
W., dipping 40° N. 10° to 20° E., is spaced 1 to 25 feet, coated with
epidote and slickensided; (c), striking N. 5° E., vertical, one only.
The rift is reported as vertical with N. 60° E. course, and the grain
as horizontal. The fine granite (specimen 79, a) occurs only north of
heading (a). On the south edge of the quarry a vertical basic dike,
22 inches thick, strikes N. 65° E. (See page 36.) Rusty stain does
not exceed 2 inches. In a surface sheet it measures an inch.
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The plant includes, at the quarry, a 45-ton derrick, a hoisting en-
gine, a small air compressor for two air plug drills, a large steam rock
drill, and a steam pump, besides at the cuttmg shed a hand derrick
and a 10-ton overhead crane.

The product is carted nearly 4 mﬂes to the cutting shed at South
Ryegate, and is used for hammered and rock-faced monuments and
bases.

FRAZER QUARRY.

The Frazer quarry (formerly known as Hall’s) is on the southwest
side of the southeast spur of Blue Mountain, about 950 feet above
South Ryegate. It was not in operation in 1907. The owner is Mrs.
Margaret Hinchey, Hydeville, Vt. '

The granite (specimen D, XXIX| 85, b), gray gr&mte is a quartz
monzonite of light to medium gray shade and of medium inclining to
coarse, even-grained texture, with feldspars up to 0.4 inch and mica
to 0.2 inch. Its constituents, in descending order of abundance, are:
Light smoky quartz with hair-like crystals of rutile and cavities in
sheets, with a set of cracks parallel to them; milk-white soda-lime
feldspar (oligoclase) somewhat kaolinized, with some small plates of
white mica and a few grains of epidote. In places it is intergrown
with quartz in vermicular structure ; translucent bluish potash feldspar
(microcline), some of it slightly kaolinized ; biotite (black mica) and a
little muscovite. Accessory: Titanite, allanite, apatite, zircon. Sec-
ondary: Kaolin, a white mica, epidote, and carbonate shown by
slight effervescence with cold dilute muriatic acid.

While the general shade of this stone differs but little from that of
the Morrison and Gibson quarries, the contrasts between its minerals
are much more marked. ‘

The quarry measures about 300 feet square and from 5 to 20 feet

in depth.

The sheets are normal and from 1 to 12 feet thick, dipping 25° SW.
There is but one joint (southwest side), striking N. 70° W, dipping
35°N. 20° E. A flow structure of biotitic streaks and sheets strikes
N.70°W., and dips 45° N. 20° E. In the west half of quarry thisis so
prominent as probably to detract from the value of the stone. Rusty
stain along sheet surfacesisup to 3 inches thick. (See, further, p. 26.)

The plant comprises two horse derricks. o

The product must be carted 34 miles to South Ryegate.

GROTON.

The Benzie quarry is in Groton about a mile S. 25° W. from the
Wells River Bridge at Groton and 300 feet above it, and about 4%
miles S. 85° W. from Blue Mountain in Ryegate (See fig. 10.)
Operators, McCrae, Benzie & Co., Groton, Vt.
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The granite (specimen D, XXIX, 80, a), ‘“Vermont blue,” is a
quartz monzonite of medium, very bluish gray color and even-
grained medium inclining to fine texture. Its constituents, in de-
scending order of abundance, are: Clear, colorless to very light smoky
or very light bluish quartz, with few cavities and brightly polarizing
rift and grain cracks; light-bluish translucent soda-lime feldspar (oli-
goclase), somewhat kaolinized and with white fibrous mica, also a
white mica in small scales, and some calcite; a little clear potash feld-
spar (microcline, also orthoclase), with inclusions of oligoclase, quartz,
and biotite; biotite (black mica); and a little muscovite or bleached
biotite. Some of the feldspars are minutely intergrown with quartz
in vermicular structure. Accessory: Titanite, pyrite, zircon crystals,
apatite, allanite. Secondary: Kaolin, a white mica, calcite, leucox-
ene. The granite effervesces with cold dilute muriatic acid.

This stone is brilliant and markedly bluish, but its mineral con-
trasts are feeble owing to fineness of texture and similarity in shade
of feldspar and quartz.

"The quarry, opened in 1896, measures about 200 by 175 feet and
from 40 to 60 feet in depth.

The sheets are normal, from 1 to 10 feet thick, and range from the
horizontal to a very low dip north and also east. There are three
sets of joints: (A), striking N. 55° E. and vertical, spaced 15 to 50
feet, forms a rusty heading on the west wall, with short vertical sub-
joints at right angles to it ; (B), striking N. 50° E. (diagonal to quarry),
dipping 60° S. 50° E., discontinuous and at irregular intervals; (C),
striking N. 20° W. and vertical, discontinuous and rare. The rift is
reported as horizontal and the grain as vertical, with N. 55° E. course.
There is a coarse ‘‘shake’ structure in bands up to a foot thick
parallel to the sheets, at points 25, 40, and 60 feet below the surface.®
There are biotitic masses on the west side parallel to joints (A), the
course of which is also that of the grain, and thus also that of the
flow. On the west wall is a dike of quartz monzonite (specimen D,
XXIX, 80, b) 5 feet thick, of medium bluish-gray color and very
fine, even-grained texture, with feldspars up to 0.1 and mica mostly
under 0.05, exceptionally 0.1 inch. Its constituents are the same as
those -of the main granite. - There are two dikes of similar quartz
monzonite but of dark, slightly bluish-gray color and extremely fine
texture, with feldsparsup to 0.06 (exceptionally 0.1) and mica to 0.04
inch. These dikes are 6 and 2 inches thick, strike N. 5° and 20° E.,
and dip 70° E. and 90°. Several pegmatite dikes from 1 to 6 inches
- thick cross the entire quarry, cutting the first granite dike, some
striking N. 17° W., others in various directions. There is also a
3-inch diabase dike on the west wall. It contains porphyritic augite

o See glossary (p. 132); also Bull. U. 8. Geol. Survey No. 354, p. 31.
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crystals, some of which have been replaced by quartz or calcite or
chlorite. These structural features are shown in diagram in figure 11.
A compressive strain is reported here as from all directions. Rusty
stain is only an inch thick on sheets 10 feet below the surface.

The plant at the quarry consists of a 50-ton derrick, hoisting
engine, steam pump, and large rock drill, to which were added in
1908 a 90-foot derrick and an air compressor with a capacity of 130
cubic feet of air per minute, sufficient for two large rock drills and
four air-plug drills. At the cutting shed there are two hand der-
ricks, two steam derricks, an air compressor, two surfacers, 20 air
hand tools, two steam engines, and three polishers.

The product is carted 14 miles to the cutting shed at Groton. It
is used for monuments and buildings. The fine stone of the granite
d1ke is used for special orders and carved work. Examples are the
Davison monument at Woods-
ville, N. H., and the Dr. S. N.
Eastman monument at Gro-
ton, Vt.

ORANGE COUNTY.

The quarries of Orange
County are in Williamstown,
but as these closely adjoin
those of Barre, as shown on
the map (Pl. I), they will be
considered in connection with
the Barre quarries.  (See pp.
85-87.) A quarry in Tops-
ham and 2 prospect in Randolph properly belong here.

Fi1GURE 11.—Structure at Benzie quarry, Groton.

TOPSHAM.

Granite was formerly quarried at two points in Topsham. One
was very near the village of South Ryegate, the other on Pine
Mountain about south-southeast of Groton.¢ Hitchcock and Hager’s
geologic map represents a granite area extending from Groton into
Topsham, but it seems too far west. (See map, fig. 10.)

The Ricker quarry is in Topsham at the west foot of Pine Moun-
tain, roughly about 5% miles west-southwest of Blue Mountain, 2%
miles southeast of the Benzie quarry, and 24 miles south-southeast
of Groton and 490 feet above it. (See fig. 10.) Owner is Isaac N.
Ricker, Groton, Vt. :

The granite (specimen D, XXIX, 87, a), ‘‘Pine Mountain,” is a
quartz monzonite of medium bluish-gray color and medium, some-

a This last, here described, is probably the one referred to by the state geologist in 1900 as operated then
by the Pine Mountain Granite Company. (See Perkins, G. H., Mineral resources of Vermont, 1899-1900,
p. 75.)
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what even-grained texture with feldspar up to 0.4 inch and mica
to 0.1 inch, but with sparse, clear, porphyritic feldspars, including all
the other chief constituents. The stone is not quite so bluish as that
of the Benzie quarry in Groton, nor do its feldspars seem to be as
evenly distributed. Its constituents, in descending order of abun-
dance, are clear colorless to very pale smoky quartz with cavities in
intersecting sheets; bluish translucent to milk-white soda-lime feld-
spar (oligoclase) somewhat kaolinized and ‘micacized, and with cal-
cite; clear potash feldspar (microcline and orthoclase) inclosing
oligoclase, quartz, and biotite; biotite (black mica); and a little
muscovite or bleached biotite. Accessory: Titanite, allanite, apa-
tite, zircon. Secondary: Kaolin, a white mica, calcite, zoisite.
There is some intergrowth of feldspar and quartz. The stone effer-
vesces with cold dilute muriatic acid. '

The porphyritic clear feldspars enhance the brilliancy of the rough
surface. Its contrasts are greater than those of the Benzie quarry
stone, but there are minute rust spots on the long-exposed blocks
about the quarry, the cause of which was not manifest.

The quarry is about 40 by 32 feet and the working face on the east
is 20 feet high from the road and quarry level. It has been idle a
number of years.

The sheets, from 5 to 12 feet thick at their widest parts, are nor-
mal and horizontal or inclined as high as 10° N. 45° W. There are
two sets of joints: (a), striking N. 70° E., vertical, forms the north
wall, and a 25-foot heading north of it with joints 2 to 4 feet apart,
and another on the south wall; (b), striking N. 40° E. and dipping
55° N. 45° W., forms the east wall and recurs 10 feet east. The
flow structure has a N. 35° E. course. Vertical pegmatite dikes up
to 1.5 inches thick strike N. 25° W. Aplite <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>