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", ...The history of the Taconics and of the southern

Appalachian belt will have to be worked out gradually and
each area that is studied will have to be regarded in the
light of its relation to the whole province. For no
explanation of the strﬁctg;gﬂin one area, however alluring
in its simplicity, can staﬁé:fast unless it fits in witﬂ
all the facts that havé been established in other adjoining
areas."

(Knopf, E. B., 1935).
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Abstract

The Plainfield-Danielson area includes the Danielson, Hampton,
Plainfield and Scotland quadrangles near the northeastern cormer of
Connecticut. It is part of the ;astern highlands of Connecticut, and
is underlain by medium- to high-grade met#morphic Paleozoic rocks. The
area is predominately rural and wooded.l The hilly topography is largely
conérolled by the attitude and erodibility of the underlying bedrock,
but a thin blanket of glacial till covers most of the bedrock.

Most of the central portion of eastern Comnecticut is within the
southern extension of the Merrimack synclinorium of New Hampshire. The
synclinorium in Connecticut is bordered on the west by the folds of the
Bronson Hill anticlinorium, and on the south and east is cut off by a
ma jor thrust fault, the Honey Hill-Lake Chargoggagoggmanchauggagogg-
chaubunagungamaugg fault (known as the Lake Char fault). The internal
structure within th;”syhclinbrium'in Connectiéut is'iAterpreted'to be
a lafge, recumbent syncline overturned from west to east. The recumbent

syncline has been mapped in three segments and is designated the Hunts

xi

Brook-Chester-~Hampton syncline. The Plainfield-Danielson area is situated

between the Lake Char thrust fault on the east edge of the synclinorium
and the axial surface of the recumbent Hampton syncline in the core of

the synclinorium. The rocks of the area are, therefore, primarily those

in the upper plate of the thrust fault and the normal limb of the recumbent

syncline. The rocks of the lower plate are exposed in a small area along

the eastern edge of the area, and those in the overturnmed limb of the
syncline are exposed in the northwestern cornmer of the area.
The bedrock units of the Plainfield-Danielson area include various

metasedimentary and metavolcanic rocks of lower to middle Paleozoic age,
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and plutonic gneisses of probable igneous origin. The oldest rocks
are those of the Plainfield Formation of Cambrian(?) age in the lower
plate of the Lake Char fault. 1In the Plainfield-Danielson area the
Plainfield Formation is primarii& quartzite with lesser amounts of
mica-quartz schist and hornblende gneiss. . It occurs as lenses interleaved
with thicker layers of the Sterling Plutonic Group.

| The oldest unit in the upper plate of the Lake Char fault is the
Quinebaug Formation of probable Middle Ordovician age. The unit consists
of a lower and an upper member of layered hornblende gneiss, biotite gneiss
and amphibolite, and a middle member, the Black Hill Member, of calcareous
mica schist. The rocks were apparently well-layered, mixed volcanic tuffs
and sediments and subsidiary nonvolcanic sediments, although the Black
Hill Member was probably mostly reﬁorked.volcanic material. The unit
has an approximate apparent thickness of about 7,000 feet, but it thins to
the north as it is cut out at thé'base along the Lake Char fault. The
rocks were regionally metamorphosed to the sillimanite grade. The unit
is strongly folded, faulted and cataclastically deformed. All the rocks
of the lower member and many of the Black Hill and upper members are
mortar gneiss, mylonite gneiss, mylonite and blastomylonite.

The Tatnic Hill Formation overlies the Quinebaug Formation in apparent
conformity. It consists of a sequence of metasedimentary rocks of probable
Middle Ordovician age. The formation has been subdivided into a lower
member consisting of various micaceous gneisses, commonly with garnet and
sillimanite, the Fly Pond Member of calc-silicate gneiss in the middle,
and the Yantic Member of micaceous schist at the top. The unit has a
maximum apparent thickness of about 6,000 feet. .It thins toward the

north, and the thinning is reflected in all subunits of the formation
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except the Yantic Member at the top. The grade of metamorphism of the
formation varies from sillimanite-potassium feldspar at the base to
staurolite-kyanite at the top of the Yantic Member; most of the unit is
in the lower sillimanite grade,. fhe rocks are well folded, and those in
the lowér part of the lower member, especially, are strongly faulted and
commonly cataclastically deformed.

fhe Hebron Formation overlies the Tatnic Hill Formation in apparent
conformity. It consists primarily of thinly layered calcite-biotite schist,
biotite schist and calc-silicate rock. The Hebron Formation in the
overturned limb of the Hampton differs from the Hebron in the normal limb
in that it is less well layered and contains a higher proportion of
biotite schist and less abundant calc-silicate rock. The Hebron was
apparently originally deposited as a series of calcareous siltstones
of Middle Ordovician to Silurian age. The unit has an approximate
thickﬂés§’of 500 to 1,000 feet. The rocks are:mostly in the staurolite-
kyanite grade of metamorphism, but locally are in sillimanife grade. The
rocks are weli folded but only locally are they faulted and cataclastically
deformed.

The Hebron Formation is overlain by the Scotland Schist. The contact
is apparently conformable and is gradational across a few feet. The lower
part of the Scotland Schist consists of interlayered biotite granular
schist and coarse muscovite schist, and local exposures of graded bedding
indicate that the Scotland Schist is on top of and younger than the Hebron
Formation; locally a thin quartzite occurs at the base. Above the basal
zone the unit consists of massive muscovite schist commonly with staurolite
and garnet, and less commonly kyanite. Within the Plainfield-Danielson

area the unit has a maximum thickness of about 800 feet, but the top is



not exposed. The unit is primarily in the staurolite-kyanite grade of
metamorphism, but along the western edge of the area is in sillimanite
grade.

The Canterbury and Eastford;Gneisses form two large sills primarily
within the Hebron Formation. The Canterbury Gneiss occurs in the normal
limb of the recumbent Hampton syncline and consists primarily of biotite
granodiorite gneiss with common accessory epidote and allanite. The
Eastford Gneiss is in the overturned limb of the syncline and consists
primarily of biotite quartz monzonite gneiss, without accessory epidote
and with less abundant biotite than the Canterbury. Both sills are
either pre- or syntectonic. Two foliation‘planes, as defined by the
orientation and alignment of biotite flakes are commonly developed in the
Eastford Gneiss and less commonly in the Canterbury Gneiss. A strong
lineation is formed in both by streaks of biotite at the intersection of
the two foliation.ﬁlanes. ‘

The gneisses of the Sterling Plutonic Group form sills interleaved
with the Plainfield Formation in the lower plate of the Lake Char fault.
The Sterling in the Plainfield-Danielson area has been subdivided into the
Hope Valley Alaskite Gneiss and the Scituate Granite Gneiss primarily on the
basis of exposures in the adjoining areas, as the rocks within the area
are of limited exposure and are almost all cataclastically deformed. The
Hope Valley Alaskite is a quartz-microcline-plagioclase gneiss with minor
muscovite and biotite and typically containing aligned quartz rods. The
Scituate Granite Gneiss of this area differs only in that it contains
slightly more biotite. The rocks adjacent to the Lake Char fault are
mylonite, mylonite gneiss and blastomylonite,and in the rest of the area

they are primarily mortar gneisses. The Sterling gneiss is probably

Car
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pfetectonic, but the age is not well established.

Dikes and sills of pegmatite occur in all the major bedrock units of
the area. The largest pegmatites and the greatest concentration of them
occur in the Fly Pond and the Yaﬁiic Members of the Tatnic Hill Formation.
These are close ‘to the Canterbury Gneiss and may have formed as residual
liquids from the Canterbury. Other pegmatites in the area, however,
probébly are not related to the Canterbury, and some may have formed
at different times. The majority of the pegmatites are foliated and the
foliation is parallel to the regional foliation of the host rock. A
few small pegmatites are unfoliated. A small sill of unfoliated gabbro
is exposed in the Plainfield quadrangle. The gabbro is probably satallitic
to the Preston Gabbro south of the Plainfield-Danielson area.

Rocks in the Plainfield-Danielson area were regionally metamorphosed
to staurolite-kyanite, sillimanite and sillimanite-potassium feldspar
grades of metamorphism. éubsequent to reéional metamorphiém the rocks
were éataclastically deformed and converted to mortar gneiss, mylonite
gneiss, mylonite and blastomylonite. The appearance and fabric of the
cataclastic rocks vary considerably depending on the composition of the
original rock, the degree of granulation, and the degree of recrystallization
and of neomineralization. The mortar gneisses and mylonite gneisses contain
small to coarse grains of the resistant minerals, primarily feldspars,
hornblende and locally garnet, in a very-fine-grained matrix of quartz,
biotite and feldspar. The mylonites are rather uniformly very-fine-grained
rocks in which all minerals have been granulated. In many of the mylonite
gneisses and mylonites quartz, biotite, some hornblende, and to some
extent plagioclase recrystallized during cataclasis. The blastomylonites

were more or less thoroughly neomineralized during cataclasis with the



formation of chlorite, epidote and sphene from hornblende and biotite,
and sericite, epidote and calcite from plagioclase.

The Lake Char thrust fault, across the eastern edge of the Plainfield-
Danielson area traces south to tﬁe Preston Gabbro where it is continuous
with the Honey Hill fault. The fault forms the contact between the
Quinebaug Formation in the upper plate and the Plainfield Formation and
Sterling Plutonic Group in the lower plate. The fault trace parallels
the structural trend of the units above and below the fault plane and
no actual displacement can be proved along the fault within the
Plainfield-Danielson area, although the indications are that the
Quinebaug Formation is progressively cut out northward by the fault. The
fault is mapped primarily by the cataclasis of the rocks in a wide zone
above the fault and a narrower zone below it. The cataclasis increases
in intensity toward the fault contact. The amount of stratigraphiq
dispiacement betweeﬁ the Quinebaug Forﬁation_and the Plainfield Formation
cannot be determined. ‘A well developed lineatioﬁ in many of the
cataclastic rocks adjacent to the fault indicates the movement direction
was toward the southeast.

A number of smaller thrust faults occur primarily in the upper plate

of and are subparallel to the Lake Char fault. The rocks adjacent to
these faults are also strongly cataclastically deformed although the zone
of cataclasis is not as wide as that adjacent to the Lake Char fault.
The smaller thrust faults are most commonly observed in the lower member
oi tne Tatnic Hill Formation, but they are probably equally common in
the Quinebaug Formation.

A system of northwest-trending high-angle faults offset the rocks

in the upper plate of the Lake Char fault. These probably originate

C;w:a
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in the zone of the major thrust plane, but indications are that some, at
least, offset the Lake Char fault slightly. Most of the northwest-trending
faults have offsets of one or two thousand feet, but a few have offsets
of more than a mile. Less commo@ are north-northeast-trending high-angle
faults. These are subparallel to the structural trend of the bedrock
units of the area and are more difficult to map. Both sets of high-angle
faults offset the thrust faults. Features which indicate late faulting
are common in the rocks of the lower member of the Tatnic Hill Formation
and the Quinebaug Formation. These include slickensided foliation surfaces,
abundant small faults observed in outcrop which offset both cataclastic
and noncataclastic rocks, ultramylonite dikes cutting the cataclastic
rocks, breccias in which the clasts are mylonite and quartz veins.

The recumbent Hampton syncline is the major fold of the area and
is continuous with the Chester-Hunts Brook syncline southwest of this area.
The axial surface of the Hampton syncline goes through the northwestern
part of the area primarily in the Scotland Schist and locally in the
Hebron Formation. The bedrock units south and east of the axial surface
are in the normal limb and those north and west of the surface are in the
overturned limb. The emplacement of the Hampton syncline into its present
position must have involved two stages of folding. During the first
stage the major folds of the area, including thé Hampton syncline, were -
formed. 1In the second stage the early folds were refolded around a
" north trending axis, and were overturned from west to east. A third,
and later stage of folding probably accompanied formation of the
Willimantic dome west of the Plainfield-Danielson area, and resulted in
an open syncline in the normal limb of the Hampton syncline across the

western half of the area.



Successive stages of deformation can be demonstrated to some extent
in the small scale structures of the area. The dominant regional foliation
strikes northeast and dips northwest and is subparallel to the present
attitude of the axial surface of \the Hampton syncline as well as to the
general attitude of the thrust faults. The regional lineation plunges
gently north and is parallel to the axial plunge of the Hampton syncline,
Both.the regional foliation and lineation probably formed during the
second stage of folding, or the overturning from west to east, of the
Hampton syncline. Many small scale folds which have a gentle north
plunge also probably reflect this stage of folding. The earlier stage of
folding is reflected by other foliation directions, mineral lineations
which are folded by the later folds, and small scale folds with varying
plunge directions. The general direction of movement on the thrust faults
and of the overturning of the Hampton syncline is the same, and the thrust
surface is_about parallel to the axial surface of the syncline; it seems
likely, therefore, that the general west t; east movement of the two
structures took place at about the same time.

The major economic use of the rocks and minerals of the Plainfield-
Danielson area in the past has been for various construction purposes,
such as crushed rock for roads, and supports for bridges, dams and buildings.
There are no indications in the rocks of mineral concentrations of economic
significance, and it is probable that the major use of the rocks in the

future will continue to be in the construction industry.



INTRODUCTION

The Plainfield-Danielson area includes the Danielson, Hampton,
Plainfield and Scotland 7 1/2" quadrangles, and covers approximately 210
square miles w?thin the eastern ;ighlands of Connecticut (see fig. 1)[
The four.qu§drangles are near the northeastern corner of the state, and
include all of the townships of Scotland, Hampton, Brooklyn and Canterbury,
and most of Plainfield and Pomfret. The area is underlain by medium-
to high-grade metasediméntary and metavolcanic rocks and granitic gneisses
of probable lower Paleozoic age, that are truncated by a major thrust
fault along the eastern side of the area. Above the fault the rocks were
folded into a major recumbent syncline, the axial surface of which goes
through the northwestern part of the area. The major pértion of the rocks
in the report area are, thus, in the normal limb of thé recumbent syncline
and in the upper plate of the thrust fault.

The northeastern part of Connecticut is predominately a rural area.
It is now about 80 percent forest covered, although at one time about the
same amount was cleared farm land. As small industries came into the area,
mostly mills along the rivers, the farm land was gradually abandoned and
allowed to go back to timber, and today about the only remaining evidence
of the earlier land development is the maze of stone walls that criss-cross
the country side. The main industries of the area are small scale farming
and small industrial plants in some of the villages. The largest
community within the report area is Danielson with a population of about
6,000; other villages include Plainfield, Moosup, Wauregan, Dayville,
and Rogers. Large coumunities serving the area are Norwich to the south,

Willimantic to the west and Putnam to the north.
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An excellent system of hard surface roads throughout the area
provides easy access to all parts. There are very few points within the
four quadrangles which are as muéh as a mile from a good road. Major
highways include U. S. Rt. 6, across the southern part of the Hampton
and Danielson quadrangles, and U. S. Rt. 44, in the northern part of
the Hampton quadrangle. The Conmnecticut turnpike and the new extension
of the turnpike north to Massachusetts go through the eastern edge of
the Plainfield and Danielson quadrangles. A branch of the New York, New
Haven and Hartford Railroad from Norwich to Putnam, goes through the
eastern part of the area, and a second branch, from Norwich to Willimantic
goes through the southwest corner, along the Shetucket River. A-third
branch, from Willimantic to Putnam, went across the Hampton and the
‘northwest corner of the Danielson quadrangles, but was recently abandoned
and the tracks removed. .

The Quinebaug River is the largest drainage system within the map
area. It drains all of the Plainfield and Danielson quadrangles, and
has a flood plain as much as a mile wide through the central parts of
the two quadrangles. Other rivers include the Shetucket River in the
southwestern corner of the Scotland quadrangle, thé Natchaug River in the
western part of the Hampton quadrangle and Little River, draining the
central parts of the Hampton and Scotland quadrangles. The rivers are

all shallow, and bottom on bedrock in several places.
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Topography of the area is gentle, and local relief is commonly about
200 to 300 feet. The lowest elevation is 100 feet along the Quinebaug
River in the southern part of tﬁh Plainfield quadrangle and along the
Shetucket River. The highest point is 810 feet on Sunset Hill in the
central part of the Hampton quadrangle. Although a mantle of glacial
till covers the bedrock of the area, the till is not thick enough in
most places to mask the strong bedrock control of the topography.
Details of the topography in the uplands are most commonly parallel or
subparallel to the strike of the layering or foliation in the bedrock.
Many small valleys of the area follow either the trend of the easily
eroded rock units, or follow faults and fractures in the bedrock., A
similar bedrock control cannot be demonstrated, however, for the larger

rivers of the area.
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Bedrock exposures are irregularly distributed throughout the map
area. Two fairly large areas where exposures are few and scattered are
the flood plain of the Quinebaug River and the central part of the
Hempton quadrangle, where most of the underlying bedrock is flat lying,
easily eroded célc-silicate schist. The calc-~silicate rocks of the
Hebron Formation and the Tatnic Hill Formation are the most susceptible
to erosion of any of the rock types in the area. Several streams,
such as Little River and Kitt Brook, follow the trend of units of calc-
silicate rock for several miles. In many places exposures of the
calc-silicate rock are present only because they have been intruded
by pegsmatite, The pegmatites are about the most resistant rocks in the
area, but few are large enough to influence the topography. The hornblende
and biotite gneiss and amphibolite in the Quinebaug Formation are only
slightly more resistant than the calc-silicate rocks. They are well
preserved oply'along the western edge.of the unit, where they occur on
east facing ;ill slopes capped by the more resistant mica schists ;f the
Tatnic Hill Formation, and along the eastern edge where they are strongly
cataclased. The sillimantic mica schists and gneisses of the Tatnic Hill
Formation and the granodiorite gneiss of the Canterbury and Eastford
Gneisses are fairly resistant to erosion, and commonly form uplands
separated by valleys cut into calc-cilicate rock. The muscovite rich
schists of the Scotland Schist are the most resistant of the major rock
units in the area, and commonly form high bluffs above the Hebron vslleys.

The relative erodibility of the rocks of this area is in rather
marked contrast to that in the area several miles to the southwest.

Lundgren (1964, p. 31-33; 1966a, p. 39) reports that in the Essex and

.



Hamburg quadrangles fhe most easily eroded rocks are the sillimantic

mica schists of the Brimfield Schist and Tatnic Hill Formation, while the
most resistant are the biotite-quartz-feldspar gneisses of the Monson E
Formation (compositionally similér to the rocks of the Quinebaug Formatioh)
and calc-silicate gneisses. The reason for this difference in erodibility

of similar rock types is not understood.

Previous work

Since the early 1860's eastern Connecticut has been mapped by
several reconnaissance studies., The earliest account of the area was the
'Sketch of the Geology and Mineralogy of New London and Windham Counties"
by W. W. Mather (1834). The report included a colored map on Which Mather
distinguished nine lithologic units, all with a roughly north-south trend,
and cross sections. This report is now primarily of historical interest
as it generally locates ?an§~old and long abandoned quarries, bog iron
deposits and peat bogs. It is also one of the earliest attempts to
portray geologic relationships of an area by structure sections.

In 1835 the state of Connecticut contracted with J. C. Percival,
as geologist, and C. U, Shepard, as mineralogist, to make a study of the’
geology and mineralogy of the state and to assess its mineral potentia1.>
Shepard's work "A Report on the Geological Survey of Conmmecticut" (1837)
is a listing of the various useful minerals occurting in the state,
including building materials. Very little mention is made of the Plainfield-
Danielson area in the report. Percival spent two summers making east-west
traverses across the state, and four m;re summers engaged in more detailed
studies. He was finally forced by the state to cease his field investi-

gations and prepare a report. In 1842 his "Report on the Geology of the

State of Conmnecticut" was written and published. Although Percival



State of Connecticut'was written and published. Although Percival
considered the report to be only a "hasty outline" it dutifully records
many of his observations in confusing detail. Both the report and the
accompanying map are difficult to read, but both are more accurate in
detail, at least in easternm Conn;cticut, than many subsequent reports.

A number of his ideas on the distribution and relationships of the

various rock units, which were forgotten or ignored in later studies,

have been revived by recent detailed work. One of these is the

correlation of the Brimfield Schist and the Tatnic Hill Formation, and

the suggestion of an overturned fold structure across the central part

of eastern Connecticut between the two units. In summing up his description
of Unit F (Putnam Group) Percival states, '"This range presents several
analogies to the formation (D) [ﬁfimfield Schis§7 in the character and
arrangement of its rocks, and the two might indeed be considered as

forming a whole, ‘enclosing the range (E) [ﬁébron Formatiog? on the East

and West; the coarser grained rocks, partly with‘bucholzite, extending in

a narrow band along the borders of the S. West extremity of the latter,
apparently forming a connecting link between them....The resemblance of
these [;érts F and 27 is so obvious that it can.hardly escape the attention

of the casual observer" (Percival, i8L2, p. 289).
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Between 1898 and 1902 H. E. Gregory directed a reconnaisance stu&y '
of eastern Connecticut carried out by Gregory, W. E. Ford, Jr., J. H.
Perry and C. H. Warren. This wo;k, combined with more detailed work -~
in specific areas by G. F. Loughlin, H. H. Robinson and L. G. Westgate,
was incorporated into the '"Manual of the Geology of Connecticut" by Rice
and Gregory (1906) and the "Preliminary Geologic Map of Connecticut" by -
Gregory and Robinson (1907). The Manual is a generalized account of the
geology of the state intended to reach a wide variety of users (see Rice
and Gregory, 1906, Preface). By now the principal value of the report ié
that it is the source of most of the geologic names used in Connecticut,
although the names are poorly defined and, though typical outcrops are
given for some units, type localities are not cited. In 1949 "The Geology
3of Eastern Connecticut' by Foye was published, also as a popular account.
Foye's field work was primafily in the central and southernlparts of
the area, and he relied on the earlier field work for the northern and
eastern parts. Both the maps of Gregory and Robinson (1907) and Foye
(1949) are essentially similar to Percival's (1842) map, and differ only
in detail. A general resume of the rock units in Connecticut was also
given by Barrell and Loughlin (1910) and of the granitic rocks of the
state by Dale and Gregory (1911).

Specific areas in eastern Connecticut were mapped in more detail -
than the reconnaisance studies mentioned above. Of particular interest
to the area of this report are the studies of the Preston Gabbro and
surrounding rocks by Loughlin (1912) and by Sclar (1958). Martin (1925)

continued the work of Loughlin from the.gabbro south to Long Island Sound.



The most recent compilation of Connecticut geology was ''The Preliminéry
Geologic map of Conmnecticut" by Rodgers and others (1956) followed by an
explanatory text by Rodgers and éthers (1959). Although no new field
work was carried out in eastern Connecticut for the map, it incorporated
work done during the 1940's and 1950's by Aitken (1951, 1955), Collins
(195&), Herz (1955), Lundgren (1963, 196L4), Mikami and Digman (1957),
Perhac (1958) and Sclar (1958). This map and text were the prelude to
the recent detailed work in Connecticut, and the problems outlined in the
text provided much of the justification for the present cooperative
program between the Connecticut State Geological and Natural History
Survey and the U. S. Geological Survey. Work on the current program
began in 1955 and mapping has been carried out by both organizations on
T 1/2" quadrangle mapé at a scale of 1:24,000. Quadrangle maps and
reports iﬁ'eastefn Connecticut which have resulted from the program
include Lundgren (1963, 1964, 1966aand 196T7) published by the state of
Connecticut, and Feininger (1965 a and b), Goldsmith (1967 a, b, c, and
d), Moore (1967), Snyder (1961, 1964 a and b, 1967) and Dixon (plates 2-5)
published by the Geological Survey.

The primary purposes of the current bedrock mapping program are to
delineate and define the bedrock units of the state, to determine the
stratigraphic and structural relationships of the various units and to
evaluate the economic potential of the rocks and mineral resources of
the state. Under the cooperative program most of the area of the
crystalline rocks of eastern Connecticut has been mapped, and it is
primarily the quadrangles along the northern and eastern edge that remain
to be mappea, though field work is in progress in some of these (fig. 1).



Present work and acknowledgements

Bedrock mapping in the Plainfield-Danielson area was carried out
between 1957 and 1965. Mapping was started in the Scotland quadrangle
and proceeded through Hampton, Rlainfield and Danielson. Mapping and
compilation were on topographic base maps at 1:20,000 for publication
at 1:24,000. During the course of the work I was assisted by Rachel
Barker, Frances Gilbert, Ann Hetzel, Betsy Levin, Grace Nolan, Mary
Tisue, and Barbara Voorhies, and for short periods of time by Shirley
McDowell, Anita Mook, and Dorothy Rainsford. In the summer of 1957
G. J. Neuerberg, of the U. S. Geological Survey, spent four weeks
mapping in the Plainfield quadrangle, and his field notes, maps, and
samples were available to me.

The surficial geology of the Hampton quadrangle was mapped by Fred
Pessl, Jr., of the Geologic Division of the U. S. Geological Survey, and
combined with the bedroék mapping for publication (plate 3). The
surficial geology of the rest of the area was mapped by members of the
Water Resources Division of the U. S. Geological Survey as part of a
water resources inventory of Connecticut. The eastern half of the area
is included in the "Water Resources Inventory of Connecticut, Part I.
Quinebaug River Basin" (Randall et al, 1966, Thomas et al, 1966), and
the western half will be iﬁfluded in a similar report on the Shetucket
River basin which is currently in preparation. In addition the surficial
geology of the Scotland quadrangle by C. E. Shaw, Jr., was combined with
the bedrock geology for publication (plate 5), the work in the Danielson
quadrangle by A. D. Randall is in pre;; as a surficial geologic quadrangle
map, and Randall's work in the Plainfiéld quadrangle is planned for future

release as a surficial geologic quadrangle map.
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I am indebted to numerous associates and coworkers for continuing
advice, criticism and assistance during the course of the work, both
in the field and in the office. Many field trips and discussions with
people working in surrounding.aréas enabled me to gain a better under-
standing of the.geology of eastern Connecticut as a whole as well as of
the Qlainfield-Danielson area. Among those actively working in the area
whose assistance was mést valuable are Dr. L. W. Lundgren, Jr., of the
University of Rochester and the Connecticut State Geological and Natural“
History Survey, and G. P. Eaton, T. G. Feininger, Richard Goldsmith,
M. H. Pease, Jr., G. E. Moore, Jr., and G. L; Snyder of the U. S.
Geological Survey. I was visited in the field and received many useful
suggestions from Prof. M. P. Billings and Prof. J. B. Thompson, ir.,
of Harvard University, Dr. J. W. Peoples, Director of the Comnecticut '
State Geological and Natural Histoiy.$urvey, Prof. John Rodgers, Yale
University, ﬁev; J. W. Skehan, S. J., of Boston College, and Dr. L. R.
Page of the U. S. Geo}ogical Survey. Prof. Billings, Prof. Thoﬁpson
and Dr, Page critically reviewed and substantially improved the manuscript.
Mr. A. D. Randall, of the Water Resources Division, provided valuable
information on the location of many isolated bedrock exposures. Mr.
R. W. Bromery and Mr. D. R. Mabey advised me on the interpretation of
the aeromagnetic maps. I am grateful for the friendly cooperation of
the residents of the Plainfield-Danielson area who, almost without

exception, allowed me free access to their property.



Definitions and laboratory procedures

Nomenclature of metamorphic rocks and textures is in a particularly
confused state. There are almost as many definitions of 'gneiss' and
"foliati;n" as there are geology textbooks, and very few are the same.
Almost every rock in eastern Connecticut has been called a gneiss by
one Br another of the previous workers, and by one or another definition
of gneiss, almost every rock could fit the term, while by other definitions
there would not be a gneiss in Connecticut. For this reason the
terminology used in this report is defined here.

The term "foliation" is used in a general sense to designate any
parallel fabric element of the rock. The foliation plane is commonly,
but not necessarily, a plane of easy cleavage. In most rocks the
foliation consists of either or both a schistosity and a compositional
banding;"Schistosity is defined as a parallel Brientation of platy
(primarily micas) or tabular (amphiboles and in some rocks feldspars)
minerals. By this definition a gneiss which contains only a few per cent
of scattered, but oriented micas may possess a schistosity, as well as
a schist which contains abundant micas. In most of the metasedimentary
and metavolcanic rocks the schistosity is parallel to the comﬁositional
banding, and in many of the rocks the compositional banding is probably
parallel to the original bedding. In some rocks, however, the plane of
compositional banding can be demonstrated to be a plane of shearing. The
term bed@ing is used, therefore, both in the text and on the geologic
maps (plates 2-5) only where layering can be demonstrated to be primary
bedding on the basis‘of preserved sedimentary features. In most other

rocks bedding is assumed to be parallel to the banding.
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e term "schist'" is used here as a foliated rock in which the platy
or tabular minerals are abundant enough and so oriented that the rock
commonly breaks in rough slabs ﬁarallel to this orientation. This is
a fairly standard definition of a schist, and is essentially the ome
given in the AGI Glossary (1957). In most schists the platy minerals
are coarser (in diameter of flakés) than the granular minerals of the
rock. The term '"granular schist" is used to designate those schists in
which the platy minerals are of the same order of size as the granular
minerals. The term 'gneiss" is used for a foliated rock in which the
platy and tabular minerals are not so abundant as to control the breaking
of the rock, and it breaks more across the foliation planes than along
them. Many of the gneisses, especially in the metasedimentary and
metavolcanic rocks are compositionally banded,. but others are not.

The term "graﬁulite“ is used here for only a few, rare quarté-feldébar-

epidote rocks which contain no oriented minerals.



For most rocks the names gneiss and schist are modified by the three
or four essential constituents of the rock listed in order of increasing
abundance. Thus in a biotite~qu£rtz-p1agioclase gneiss, plagioclase is
the most abundant mineral, and biotite the least abundant of the three.
Other minerals which commonly occur in the rocks of a given unit will
be mentioned separately. For a general reference to a lithologic unit,
however, a characteristic, but not nécessarily abundant, mineral may
be used, as in the sillimanite gneiss unit in the Tatnic Hill Formation.
In describing a specific rock or sample the same system is used except
that all essential minerals of the rock are listed. This is done
primarily in the descriptions of the samples for which modal amalyses
are given. The first part of the description of these samples gives the
megascopic appéargnée;'and the sggond part gives detgils-observed in thin
section. In the méga;copié deséription all.ﬁineraié which are visible
wiﬁh a hand lens are listed in increasing.order of abundance. If a
rock contains a fairly high percentage of very-fine-grained quartz which
is not apparent in hand sample, quartz is unlisted, or indicated as a
minor mineral. The mineral order for a given rock may not, therefore,
necessarily agree with the order of abundance shown in the modal analysis.
This discrepancy is retained because the descriptions are given primarily
as an-aid in field identification, and the situation commonly arises,

especially in the cataclastic rocks.



Nomenclature for the cataclastic rocks is even more confused than
is that for regional metamorphic rocks. A number of terms have been
proposed and used, but few have ﬁken consistently used. Reviews and
definitions of the terminology for cataclastic rocks are given by Quensel
(1916), Knopf (1931), Waters and Campbell (1935) and Christie (1960).

‘The one basic distinction which is commonly made in cataclastic
rocks is between granulation only, with little or no recrystallization,
and granulation with accompanying recrystallization. Thus Bryant and
Reed (in press) use the terms mylonite (rare porphyroclasts) and mylonite
gneiss (10-90 per cent porphyroclasts) for unrecrystallized cataclastic
-rocks and blastomylonite (where recrystallized material is largely.qﬁartz
and feldspar) and phyllonite (where recrystallized material is largely
sericite) for recrystallized cataclastic rocks. Knopf (1931, p. 5), however,
distinguished betweén recrystallié;tion "where certain constituents suéh
as calcite and quartz have newly crystallized without change of chemical '
constitution" and what she terms neomineralization or '"transformation
of the old mineral constituents into minerals of new and different
composition" as "formation of chlorite, albite, hornblende, and epidote
in a rock that originally contained pyroxene and a calcic plagioclase".
Lapworth (1885) may have had a similar distinction in mind in his
original definition of mylonite as he refers to '"shattered fragments of
the original crystals of the rock set in a cement of secondary quartz,
the lamination being defined by minute inosculating lines (fluxion lines)
of kaolin or chloritic material and seéondary crystals of mica" (Lapworth
1885, p. 559). Blastomylonite was originally defined by Sander (1912,

p. 250) as a cataclastic rock in which neomineralization is extemnsive
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enough that the cataclastic fabric is difficult to recognize.
Recrystallization (in the sense of Knopf, 1931) of quartz and biotite
is apparent in most cataclastic.kocks of the Plainfield-Danielson areg;
quartz is commonly fine grained and strongly sutured, and biotite forms
a very-fine-grained network either in streaks with granulated quartz
and‘feldspar, or in the rock as a whole. Recrystallization of quartz
and biotite does not, however, mask the cataclastic fabric of the rock.
Likewise recrystallization of quartz and mica is not apparent
megascopically, though extensive neomineralization is commonly apparent
without the aid of a thin section. For these reasons Knopf's distinction
between recrystallization and neomineralization is used in the definitiomns
here, and a mylonite may contain recrystallized quartz and mica, but does
not show significant neomineralization of thelpre-existihg minerals.
" The terminology for cataclastic rocks used here is as follows:
Mylonite: A coherent, aphanitic microbreccia, with or without
lamination, in which neomineraliation (of Knopf, 1931) is minor, but
quartz and biotite may be recrystallized. A few porphyroclasts of

uncrushed mineral grains or rock fragments may be present.

Mylonite gneiss: Similar to mylonite except that porphyroclasts
form 10-90 per cent of the rock (See Bryant and Reed, in press).

Blastomylonite: A fine grained, cataclastic rock, with or without

lamination in which neomineralization (of Knopf, 1931) is far enough
advanced that cataclastic textures are difficult to recognize. The

most common new minerals are chlorite and actinolite from the pre-existing
mafic minerals and sericite, epidote, calcite and albite from pre-existing

feldspars. Possibly some pods of amphibolite which are surrounded by



by cataclastic rocks but which do not themselves show cataclastic
textures are blastomylonites,

Ultramylonite: A cryptocrystalline, commonly dark-colored, structure-

less cataclastic rock, which occurs as thin (commonly less than 1 inch)
sill- or dike-like stringers in the other cataclastic rocks. The rock
is similar to pseudotgchylyte, except that there is no indication of
fusion.

Mortar gneiss: A partially cataclastic rock in which granulation

is primarily along grain boundaries, or as streaks or lenses between
bands of ungranulated rock (See Bryant and Reed, in press).

Porphyroclast: A relict mineral grain or, -less commonly rock

fragment, in a fine grained granulated matrix. The matrix may or may
not be recrystallized or neomineralized, but the relict grain or
fragment is not. - »

The definitions given here in general follow those of Knopf (1931,
p. 13). The terms may differ from their usage in previous Connecticut
reports (Snyder, 1961, 1964a; Lundgren, 1962, 1963, 19663, but the terms
have not been defined in any of these earlier reports. Lundgren (1962,
p. 19) refers to "extensively crushed, though largely recrystallized
blastomylonite gneisses', and later compares the mineral assemblages of
the uncrushed rocks with those of the crushed and recrystallized rocks,
suggesting his use of blastomylonite is-in general similar the use here.
Snyder (1961) states: '"Most of the blastomylonites are very-fine-grained
biotite gneiss without any later alteration minerals" though elsewhere in
the same report he refers to "Blastomylohites with recrystallized biotite

and muscovite'.



Grain size is not used as a factor in the definitions of the various
rocks, other than that schists are not so fine grained as to be classed
as phyllites. The rock name is; instead, qualified by a general grain
size designation. The grain size designations used here follow those
given by Niggli (1954, p. 197) and are as follows: very fine grained is
1es§ than 0.1 mm, fine grained is 0.1 to 0.33 mm, small grainmed is 0.33 |
to 1 mm, medium grained is 1 to 3 mm, and coarse grained is greater than
3 mm. Rocks with an average grain size greater than 1 mm are rare in
this area, The average grain size given for various rocks is based on
the equigranular minerals, primarily quartz, feldspar and amphibole.

A range in the average grain size given for some rock units indicates
that different layers within the unit have different average grain

sizes; some have the’lower value, some the upper value and others are
between the two ;éiues. An aﬁerage grain size for the mortar gneissgsxié
difficult to determine, and of questionable significance, and for these
rocks the grain size is commonly designated as variable.

Color terms used for both rocks and minerals are the terms of the
Rock-Color Chart issued by the National Research Council (1948). The
colors cited are the closest match between the color chips and the indicated
rock or mineral. The color charts have been used both for megascopic
rock and mineral colors and for microscopic mineral colors. The color
formula (as moderate brown, 5 YR 4/4) is used only for describing a

specific mineral, as in the tables of modes.
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Petrographic study involved examination of about 900 thin sectiomns.
Modal analyses were determined by point counting using a Chayes type
mechanical stage. Between 1000 and 1500 points were counted along
evenly spaced traverses across tﬁe thin section. The approximate
composition of the plagioclase was determined by extinction angles on
grains perpendicular to a bisectrix, and plotted on the curves of Troger
(1956, p. 101).

Optical properties of a few of the minerals were determined by use
of the spindle stage. Refractive indices were measured by the method of
Wilcox (1959) and optic angles by the method of Wilcox and Izett (1968).

The chemical analyses which are reported with the various rock
units were put through a computer and recalculated to a C.I.P.W. Aorm,
Barth cation percentages, Niggli numbers and various sets of oxide and
feldspar ratios. The C.I.P.W. norms are recorded only with the analyses
of rocks of ignecus rock compoéigion, including the metavolcanic rocks.
For all analyses the Barth cation per cents were recalculated into
mesonorms using the methods and standard normative mineral formulae of
Barth (1959, 1962), though with some variations depending on the rock.

For all analyses instead of subtracting H and recalculating to- 100 percent,

H is reported as water (H;0). Water is present in several hydrous

minerals which are not calculated into the norm, such as sericite, staurolite
and epidote, and it seemed advisable to retain the standard formulae of the
hydrous minerals as given by Barth, rather than calculating water into

them, and to leave the water as water. In many of these rocks muscovite

is common and potassium feldspar is nogg for these rocks excess K (over

than combined wiéh FetMg for biotite) is'converted to muscovite by the

formula KAlgSig01o. Ti is combined with an equal amount of Ca and Si



as sphene for all samples except the micaceous schists and gneisses of

the Tatnic Hill Formation and the Scotland Schist (tables 13 and 14) as
sphene is not a phase in these rocks; Ti in these samples is combined with
Fe to form ilmenite. ‘

In the tables and in the text, sample numbers for rock samples are
preceded by an initial designating the quadrangle from which the sample
was collected. Thus a D indicates a sample from the Danielson quadrangle,
H from the Hampton quadrangle, P from the Plainfield quadrangle, S from
Scotland quadrangle, T from Thompson quadrangle and E from East Killingly
quadrangle. The sample numbers of samples from the collection of G.
Neuerberg from the Plainfield quadrangle are preceded by PN.

The location of samples cited in the tables and exposures described
in the text is given as thousands of feet north and west of the southeast
corner of the respective quadrangles, using an initial to designate the
quadrangle. Thus a location of D-27.7 N; 0.5 W indicates an outcrop 27,700
feet north and 500 feet west of the southeast corner of the Danielson

quadrangle.

-
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REGIONAL GEOLOGY

The central portion of eastern Conmecticut represents the southern
limgt of the Merrimack synclinorium as mapped in New Hampshire by Billings
(1956). As in New Hampshire, thé synclinorium is bordered on the west by
the Bronson Hill anticlinorium, which in Connecticut consists of the
Monson and Glastonbury anticlines and the intervening Great Hill syncliné
(see.fig. 2). On the south and east the synclinorium is cut off by the
Honey Hill-Lake Char thrust fault, and the extension of the Lake Char
fault northward probably bounds the synclinorium across most of eastern
Massachusetts (Novotny, 1961). The internal structure within the synclinorium
is interpreted to be a large recumbent syncline, overturned to the east
(Dixon and Lundgren, in press). The recumbent syncline can be traced from
the upper plate of the thrust fault, around the western end of the Honey:
Hill fault and into the lower plate. The Willimantic dome forms a large,
o#en structure about in the center of the Commecticut portion ofothe:
synclinorium, It differs from the domes of the Bromson Hill anticlinoriuﬁ,
which are elongate north=-south structures, in that the core is about circular
in outline. The major structural features of eastern Connecticut are shown
on the tectonic map (fig. 2). The geologic map of eastern Comnecticut
(plate 1) was compiled from recent mapping in the area by Goldsmith (1963)
and was revised and updated for this report. The fence diagram in plate g“;
illustrates the interpreted structural relationships in and around the |

Connecticut portion of the Merrimack synclinorium.
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The structural and stratigraphic sequences of the various bedrock units
of eastern Connecﬁicut are shown in table 1. Also given in the table are the
radiometric ages which have been determined for some of the units. Whether
or not these numbers do, in facﬁ; represent the real age of the rocks is
questionable. The numbers of Brookins and Hurley (1965) for the units west
of the Monson anticline are low for a probable middle Ordovician age, but
thei do support the field evidence of the relative ages of these units,

The stratigraphic succession of units in the area is fairly well
established west of the Monson anticline, south of the Honey Hill fault, and
on the east above the Lake Char fault. The youngest rocks of the area are
the Siluro-Devonian racks of -the Bolton Group of Rodgers et al (1959) in the
Great Hill syncline. These rocks have been traced north across Massachuéetts
to correlate with the Clough, Fitcﬁ, and Littleton Formations of New Hampshire
(Rodgers et al, 1959; Eaton and Rosenfeld, 1960). Unconformably beneath the
Bolton Group are successi;el; the Brimfield Schist, Middletown Formation:andm
Monson Gneiss. Brimfield and Middletown are correlated respective;y with the
Partridge Formation and Ammonooéuc Volcanics of middle(?) Ordovician age»in
New Hampshire (Cady, 1960; Billings, 1956). Monson is gradational into
Middletown, and where the anthophyllitic gneiss characteristic of the
Middletown is not present, the two are difficult to distinguish (iundgren,
1963). Monson Gneiss occupies the core of the Monson anticline and of the
Killingworth dome., Older rocks are observed to the south in the domes and
complex folds south and west of the Honey Hill fault. In these structures
Monson is underlain successively by the New London Gneiss, Mamacoke Formation
and Plainfield Formation, all of which are intruded by or interlain with

granitic gneiss and alaskite of the SCeriing Plutonic Group (Goldsmith, 1966).

3
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The Plainfield Formation is the oldest bedrock unit recognized in eastern
Connecticut (Lundgren, 1967).

The core of the Monson anticline is steep to overturned to the east,
and the degree of overturning iﬁbreases to the north. On the eastern, or
overturned flank of the anticline the séquence of units is Momson Gneissl
over Middletown Formation over Brimfield Schist, 1In the central part of
the‘area the sequence of Middletown over Brimfield over Hebron Formation
is observed in the Hopyard basin (Lundgren, 1966a) and to the north the
main mass of Brimfield overlies Hehron (plate 1), Further east, in and
around the Plainfield-Danielson area, the sequence of units is Scotland
Schist over Hebron Formation-over Tatnic Hill Formation over Quinebaug
Formation; this sequence can be demonstrated to be right side up by a few
preserved sedimentary structures, Thé fact that both Brimfield and Sﬁotland
overlie Hebron Formation, and that both are largely micaceous schists led
}'ﬁoye (193&,'19h9) to conclude that the two units are.the same rock. Recent
mapping indicates, however, that the Tatnic Hill Formation, not the
Scotland Schist, is correlative with ‘the Brimfield. The Tatnic Hill can
be traced from the Fitchville quadrangle southwest above the Honey Hill
fault into the east 1limb of the Chester syncline (Snyder, 196L4a; Lundgren,
1963, 1966a). Brimfiéld Schist, likewise, can be traced southward from
the main belt, and from the Hopyard basin, along the east flank of the
Monson anticline into the west limb of the Chester syncline (plate 1). A
few miles north of the coast, where the Chester syncline is folded around
the Selden Neck dome, the Hebron in the core of the syncline plunges out;
and the Tatnic Hill and Brimfield make‘up the core of the eastern extension
of the syncline, where it is known as the Hunts Brook syncline (Goldsmith,

1961). The Tatnic Hill is therefore correlated with the Brimfield, and



the sequence of Middletown over Brimfield over Hebron is interpreted to
be a reverse, or up-side-down sequence,

The Hunts Brook-Chester-Hampton syncline constitutes the major,
overturned syncline in the center. of the Merrimack synclinorium; the Hampton
syncline designates the extension of the fold in the Plainfield-Danielson
area. The core of the Hunts Brook syncline is Brimfield Schist and Tatnic
Hill‘Formation, and is flanked by Monson Gneiss and older rocks symmetrically
arranged on either side, although some units are very thin on the south side
(Goldsmith, 1961). West of the Commecticut River the axial surface of the
fold is refolded around the Selden Neck dome (see fence diagram, plate 1),
and it traces northward as the steep, seemingly simple Chester syncline,

The core §f the Chester syncline is Hebron Formation, and is flanked by

~ the Tatnic Hill and Monson on the east, and by Brimfield, locally Middletown,
. and Monson on the west.y The core of the Hampton syncline is partly Hebron
Formation and partly Scotland Schist, and is flanked by Tatnic Hiil and
Quinebaug Formations on the east and by Brimfield, Middletown and Monson
on ihe west., The axial surface of the syncline thus goes successively
through Tatnic Hill-Brimfield, Hebron and Scotland. The trace of the axial
surface is well established in the Hunts Brook syncline and the steep part
of the‘Chester syncline west of the Connecticut River, but it is not so
well lécated in the recumbent part of the fold. North of the Honey Hill
fault and east of the Connecticut River, it must trace east through the
Hebron between the Brimfield of the Hopyard basin and the Honey Hill fault,
To the east the trace may go through the isoclinal belt of Scotland Schist
in the Fitchville quadrangle (Snyder, 196ka), or it may stay in the Hebron,
in which case the Scotland is in a smaller fold on the normal limb of the

recumbent fold., The axial surface must be warpéd up over the Willimantic



dome (plate 1), so that the trace wraps around the south, west and north‘v
sides of the dome, and is in Hebron throughout this area. Northeast of
the dome, Scotland Schist is in the core of the fold again, and the trace
remains in the Scotland most of éhe rest of the distance it has been
followed,

The major thrust fault that borders the Comnecticut portion of the
Merrimack synclinorium has been mappeé in two segments, both of which are
traced primarily by intense cataclasis of the rocks on and near the faﬁlt
plane. The Honmey Hill fault has been traced from west of the Connecticut
River east to the Preston Gabbro areé. The Lake Chargoggagoggmanchaugga-
goggchaubunagungamaugg fault (henceforth referred to as the Lake Char fault)
has been traced from Lake Chargoggagoggmanchauggagoggchaubunagungamaugg |
in southern Massachusetts southward to the Preston Gabbro (see fig. 2).

The area of the gabbr§ hgg’not yet been adequately mapped, but reconnaiséance
in thgt area indicatés that the Honey Hill and Lake Char segments are |
continuous around the gabbro, and form a single fault plame. North and
west of the gabbro the fault Splits‘into two main brancges, one of which
goes above the gabbro and the other goes beneath it. The lower thrust
plane, which puts gabbro and Quinebaug Formation over Plainfield Formation‘
and Sterling Plutonic Group is the one of major displacement,

| The Honey Hill-Lake Char fault is a gently, northwest to west dipping
surface.‘ So far as can be determined within the limit of exposure it |
consists of a.single plane which separates the Tatnic Hill Formation (above
the Honmey Hill fault) and the Quinebaug Formation (above the Lake Char
fault) from the Monson Gneiss (below the Homey Hill fault) and the
Plainfield Formation (below the Lake Char fault) and interleaved gneisses

of the Sterling Plutonic Group. There are numerous smaller thrust faults

< G



both above and below the main fault plane, but only very locally does
there appear to be a zone of imbricate faults in which rock types of the
upper and lower plate are intermixed.

Movement on the Honey Hill-Lake Char fault was apparently from
northwest to soﬁtheast. This is indicated by large, west plunging drag
foldg in the upper plate of the fault in the Fitchville quadrangle
(Snyder, 196L4a) and by a persistent N. 60° to 7C? W. mineral lineation in
the cataclastic rocks along the Lake Char fault, The amount of displace-
ment cannot be determined. Displacement appears to increase to the east
along the Honey Hill segment and to fhe north along the Lake Char segment.

Throughout most of the length of the fault trace, the structures of the
rocks above and below the fault are subparallel to the fault plade.

Sharp truncation of units along the fault is observed only along the
eastern part of the Honmey Hill fault in the Fitchville (Snyder, 196k4a),
Nérwich (Snyder, 1961) and Uncasviile(Goldsmith, 196Ta) quadrangles,

where the lower part of the Tatnic Hill and the Quinebaug Formations are
cut off. The Lake Char fault apparently truncates the Quinebaug Formation
in the upper plate at a low angle,-as the Quinebaug appears to be thinning
to the north, and reconnaissance around Lake Chargoggagoggmanchaugga-
goggchaubunagungamaugg suggests that north of the. lake it might be cut

out entirely.

Several lines of evidence indicate a general sequence of tectonic
events in the area, though the exact sequence is not well established.
There were at least two major periods of folding; faulting probably
started.during the second stage of folding and continued after folding.
Regional metamorphism probably reached a peak during the early stages of
folding, but the area apparently was still warm at the outset of cata-

clastic deformation and the early stages of movement on the thrust faults.
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If the structural picture shown in the fence diagram of plate ﬁz is
essentially correct, the major Hunts Brook-Chester-Hampton syncline was
formed fairly early in the tectonic history, and was subsequently refolded
around the Selden Neck dome, during which the upper 1limb of the refold was
overturned to the east., The Monson anticline would represent the core
of the anticline lying above or west of the overturned syncline, The
recumbent portion of the overlying anticline apparently has been eroded
away in Connecticut, ghough the Brimfield Schist area in northern Connecticut
and Massachusetts has not yet been.mapped, and rocks equivalent to the |
Middletown or Monson may locally overlie Brimfield in that area. If the
corollary anticline was present beneath, or on the east side of the syncline,
.it has apparently been overridden by the Honey Hill fault.

The axial plane of the Selden Neck dome is essentially parallel
to the Honey Hill fault, and it is probable that movement on the fault
plane wﬁs contemporaneous with refolding around thé dome, Cataclastic
rocks occur locally near the axial plane of the Chester~Hampton syncline,
near the overturned Hebron-Brimfield contact and in the Brimfield. These
suggest subsidiary thrusting in the overturned structure during refolding,
or during the push eastward. Cataclasis of metamorphqsed rocks, folding\
of early formed cataclastic rocks (Snyder, 196ka, Lundgren, 1963), and
truncation of metamorphic isograds (Snyder, 1964a, 1961) all indicate
faulting took place over a long period of time, and continued after

other tectonism stopped.
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2-7

GENERAL GEOLOGY

The Plainfield-Danielson area lies near the eastern edge of the
Jomnecticut portion of the Merrimack synclinorium. Within the area a
section of rock having a maximum thickness of about 15,000 feet is exposed
in the upper plate of the Lake Char ;hrust fault and the normal 1limb of
the recumbent Hampton syncline (plates 1 and 6, fig. %). The Lake Char
fault traces along the eastern side of the Plainfield and Danielson
quadrangles (plates 2 and 4), and only a few of the gneisses of the lower
plate are exposed near the eastern boundary of the area. The trace
of the axial surface of the Hampton syncline goes through the northern
part of the Hampton quadrangle and the northwestern corner of the Danielson
quadrangle (plates 2 and 3) and the rocks north of this trace are in the
overturned limb of the syncline.

Rock units in the lower plate of the Lake Char fault consist of thin
layers of the Plainfield Formation interleaved with biotite quartz monzonite
gneiss and alaskite gneiss of the Sterling Plutonic Group. 1In this area
the Plainfield is primarily quartzite with lesser amounts of hornblende
gneiss, actinolite gneiss and quartz-mica schist. The Plainfield is
provisionally dated as Cambrian(?) (Goldsmith, 1966) as southwest of this
area it underlies probable middle Ordovician metavolcanic rocks. The
Sterling gneisses include the Hope Valley Alaskite and the Scituate Granite
Gneiss. The age of the rocks of the Sterling Plutonic Group has not been
established except that they are older than the Pennsylvanian focks in
the Narragansett Basin of Rhode Island (Quinn, 1951).

In the upper plate of the Lake Char fault the stratigraphic units, from
oldest to youngest include the Quinebaug Formation, Tatnic Hill Formation,

Hebron Formation and the Scotland Schist. The Quinebaug and Tatnic Hill
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Formations make up the Putnam Gneissiof Gregory (in Rice and Gregory, 1906)
and are now included as formations in the Putnam Group (Dixon, 1964). The
Quinebaug Formation consists of interlayered hornblende gneiss, biotite
gneiss and amphibolite of'metavoicanic origin, and subordinate amounts

of micaceous gneiss, some containing sillimanite, and calc-silicate rocks

of metasedimentary origin. The rocks overlying the Quinebaug are a series
of ﬁetasedimentary rocks, mainly micaceous gneisses and schists and
calc-éilicate rocks. The Tatnic Hill Formation is made up mostly of various
mica schists and gneisses, with lesser amounts of interlayered calc-silicate
gneiss, although one mappablé unit of calé-silicate gneiss is separated

as the Fly Pond Member. The Hebron Formation is a unit of thinly layered
calc-silicate schiét and biotite schist. The Scotland Schist consists mainly
of coarse muscovite schist and minor quartzite,

Ro;k units in the overturned limb of the Hampton syncline include the
Scotlééa Schist, Hebron Formation and Brimfield Formation. The Hebron
Formation in the overturned limb differs from that in the normal limb
in that it céntains a higher proportion of biotite schist and less inter-
layered calc-silicate schist, and the rocks commonly are less thinly
layered. The Brimfield which underlies the extreme northwest corner of
the Hampton quadrangle is not exposed in the afea, but is exposed in the
Spring Hill and Eastford quadrangles to the west and north.

Gregory (in Rice and Gregory, 1906) described two units, the Pomfret
Phyllite and the Woodstock Quartz Schist, in the northern part of the
Hamptcn and Danielson quadrangles. Rocks in this area are here mapped
as either Scotland Schist or Hebron Formation, and the names Pomfret
Phyllite and Woodstock Quartz Schist are dropped as useful names in eastern

Connecticut.

¥



The Pomfret Phyllite as delineated on the geologic map of Rice and
Gregory (1906) includes both Hebron Formation and Scotland Schist, and
Gregory's description of Pomfret suggests he included rocks of both units.
The Pomfret is described as: "..é.phyllite is well foliated, the foliation
planes being made of minute flakes of mica, which give the rock a purplish
tone and a silky luster....this formation also exhibits distinctly
schistose varieties, containing much muscovite in fairly large plates...."
(Rice and Gregory, 1906, p. 129). The first part of the description souﬁds
like Hebron as here mapped, and the latter part sounds like Scotland,
though there are thin lenses of muscovite schist in the Hebron. Foye
(1949) does not separate Pomfret Phyllite from Hebron on his map, but has
a separate discussion (p. 80-81) in which he equates Pomfret with the
Worcester Phyllite of Massachusetts. He cites three "best outcrops" of
Pomfret, all of which are in the Putnam quadrangle. Preliminary mapping
‘in the Putnam quadréngle has shown that two of these outcrops are in the:
Hebron Formation and one is in Scotland Schist. Probably the exposures
which prompted the name Pomfret Phyllite were of the extremely rusty
weathering, graphitic muscovite schist which occurs locally in the Hebron.

The_Wbodstock Quartz Schist is shown on the mép of Rice and Gregory
(1906 ) between the Pomfret Phyllite on the east and the Brimfield Schist
on the west. This is primarily the area of the biotite-quartz-plagioclase
schist and interlayered calc-silicate schist.of the Hebron Formation in
the overturned limb of the Hampton syncliné. The rocks in the area included
in the Woodstock Quartz Schist can be traced continuously south-west to
typical Hebron schists in the area of Hebron.

Two large biotite granodiorite to quartz monzonite sills occur

primarily in the Hebron Formation, but locally cut across it to the upper
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part of the Tatnic Hill below or into the Scotland Schist above. The
Canterbury Gneiss is in the normal limb of the recumbent Hampton syncline
and the Eastford Gneiss is in the overturned limb. The two sills are
probably genetically related, bué there are compositional differences
between the rocks.

There is no direct evidence in Comnecticut for the age of the rocks
and age assignments are based primarily on correlations. The Tatnic Hill
Formation in the normal 1limb of the Hampton syncline is correlated with
the Brimfield Schist in the overturned limb, and in the central and westerm
part of eastern Connecticut Brimfield is correlated wifh the Partridge
Formation of New Hampshire of middle Ordovician age (Billings, 1956;

Cady, 1960). The underlying Quinebaug Formation is correlated with

the metavolcanic rocks of the Middletown Formation and Monson Gneiss;
Middletown Formation is correlated with the Ammonoosuc Volcanics of New
Hampshire, of middle Ordovician age (Billings;.i956; Cady; 1960). Thus
the Quinebaug Formation, the Tatnic Hill Formation and the Brimfield
Schist of this area are provisionally dated as middle Ordovician. The
Hebron Formation and Scotland Schist are younger than the Tatnic Hill,

and could be middle or upper Ordovician or could be as young as lower
Devonian (see table 1). The Canterbury and Eastford Gneisses cut the
Hebron Formation, and apparently also Scotland Schist, and must be younger
than these rocks. A radiometric age on the Canterbury Gneiss (Zartman et al,
1965) suggests an uppér Ordovician or Silurian age for the Canterbury,

if the number does, in fact, date the emplacement of the gneiss.

Ail the rocks of this area were regionally metamorphosed to upper
amphibolite facies, subjected to at least two major periods of folding

and an extended period of cataclastic deformation and faulting. The major



period of deformation was probably during the post-lower Devonian Acadian
orogeny. Pre-Acadian folding may have affected the Ordovician rocks,

but if so it is not yet possible to distinguish the pre-Acadian folds from
the Acadian folds, During the Ai:adian deformation the rocks were folded
into the Hampton syncline; regional metamorphism probably accompanied this
stage of folding. During subsequent deformation the Hampton syncline was
overturned to the east, and the rocks of the Tatnic Hill Formation,
Quinebaug Formation, Plainfield Formation and Sterling Plutonic Group

were cataclastically deformed, and faulted along the Lake Char and
subsidiary thrust faults, This later deformation may have started during
the final stages of the Acadian orogeny, but movement on the faults continued
beyond any other tectonic activity in the area and may have continued into
the Permian. The rocks of eastern Connecticut are within the area of the
250 m.y. event which affected the K/Ar mica ages throughout much of
southern New Englan& (Faul, et al, 1965; Zartman, et al,‘1965). Late
stages of deformation in this area may, therefore, be related to this
event,

Eastern Connecticut was covered by at least one major ice sheet during
the Pleistocene glaciation. Pessl (1966) believes he has evidence for two
tills, and thus two glacial advances, in a quarry just north of the Hampton
quadrangle. Glaciofluvial deposits are found in the valleys of several
streams, but the only major glaciofluvial drainage system in the area is
the valley of the Quinebaug River. The upland areas are covered by a
blanket of till which is commonly 5 to 10 feet thick, and conforms to the
bedrock topography. Drumlins, with tﬂ;ir own topographic expressionm,
occur principally in the northwestern corner of the Scotland and the

northern part of the Hampton quadrangles.



DESCRIPTIONS OF THE STRATIGRAPHIC UNITS
Plainfield Formation

The Plainfield Formation in the Plainfield-Danielson area consists
of lenses of predominately quarté rich rock interleaved with the Sterling
Plutonic Group in the lower plate of the Lake Char fault. In the two
main belts of Plainfield Formation shown on plate 6 the most prominent
rock is quartzite, with subsidiary amounts of quartz-mica schist, horn-
blende gneiss and actinolite gneiss. The tﬁird area, between two slices
of the thrust fault is tentatively assigned to the Plainfield Formation,
and is made up almost entirely of hornblende gneiss and amphibolite.

The Plainfield Quartz Schist was named by Gregory (in Rice and Gregory,
1906) for exposures in the town of Plainfield. The unit is, however, better
exposed in other places than in Plainfield and Lundgren (1963, 1964) and
Goldsmith (1966) redefined the unit as the Plainfield Formation on the
basis of exposuresﬂéouthwest of this area, retaining the name Plainfield
because of common usage. Gregory (in Rice and Gregory, 1906) and Loughlin
(1912) and Foye (1949) failed to recognize the presence of the Lake Char -
thrust fault between the Plainfield Formation and the overlying Putnam
- Group, and thought the Plainfield represented the base of the Putnam.
Because rocks of the same general lithology, that is biotite gneiss and
hornblende gneiss, occur in both units, they considered the Plainfield to
be gradational into the Putnam.

The Plainfield Formation is a prominent unit along the eastern and
southern edges of eastern Conmecticut. It is however, so abundantly
interleaved with sills of the Sterling.flutonic Group that a complete
section cannot be seen in any-one area, with the possible exception of

the East Killingly and Thompson quadrangles, where detailed mapping is



not completed. On the basis of the regional pattern Goldsmith (1966)
divided the Plainfield into three parts; the upper and lower parts are
characterized by thickly layered quartzite with minor mica-quartz schist;i
calc-silicate gneiss, and feldspa%hic quartzite, and the middle part
consists of intérlayered quartz-feldspar gneiss with sillimanite 6r with
hornblende-and diopside, calc-silicate quartzite and gneiss, amphibolite,
garnet schist and subordinate quartzite., Lundgren (1967, p. 1k-15)
describes the lower unit of the Plainfiéld in the core éf the Lyme Dome
as consisting primarily of biotitic or hormblendic quartz-feldspar gneiss.
G. Moore (personal communication, 1966) also recognized these three sub-
divisions within the Plainfield Formation in the East Killingly quédrangle.
The two main belts of Plainfield in the Plainfield and Danielson‘quadrangles
are continuous with the largér mass of ?lainfield in East Killingly, and
thus are apparently part of the upper part of the formation. '

The thickness and contacthrelations of the Plainfield Formatioﬁ cannot
be determined within the Plainfield and Danielson quadrangles, since such
a limited part of the unit occurs here. Individual belts of the formation
have a maximum thickness of about 800 feet, though commonly they are much
thinner. A contact between the Plainfield and the Hope Valley Alaskite is
exposed in Ekonk Brook south of Moosup (P-31 N; 0.5 W), but both rocks here
are strongly cataclastic and the original nature of the contact cannot be
determined. The grade of metamorhism of the rocks prior to cataclasis
also cannot be determined within the area. About 2 1/2 miles east of the
Danielson quadrangle, in East Killingly, sillimanite, kyanite and staurolite
have be;n observed in the mica-quartz schist of the Plainfield Formation,
and it is reasonable to assume that the rocks in the Plainfield and

Danielson quadrangles were sillimanite or kyanite grade.



All the Plainfield Formation in the Plainfiéld and Danielson
quadrangles is close to the Lake Char thrust fault and has been cataclast-
ically deformed during movement on the fault. A description of the rocks
of this area cannot, therefore, ﬁe considered to be characteristic of
the unit, or evén of the small part of the unit which occurs in this
area. Some of the Plainfield Formation in the Thompson quadrangle is‘
far enough away from the fault that it is not cataclastic. The rocks
there are predominantly medium gfained, light.gray, weathering grayish-
orange quartzite and medium to coarse grained, silver-gray mica-quartz
schist. A thin section of a quartzite from the Thompson quadrangle showed
the quartz has an average grain size of 0.7 mm.and.occurs as granular
grains with little or no suturing of grain boundaries (plate T, fig. 1).

A modal analysis of this sample is given in table 2. Both plagioclase

and potassium feldspar are very fine graiqed, and plagioclase is too
aité?éd to sericite to determine its comp&éition, but the refractive index
is about the same as quartz and it is probably about oligoclase. Biotite
is also strongly altered to chlorite and 1im6nite.

Belt in the southern half of the Plainfield quadrangle.~-(Plate 4 and

plate 6). The belt of Plainfield Formation in the southern part of the
Plainfield quadrangle was originally.mapped as two separate, thin belts :
(plate 4). Work by D. Harwood (written communication, 1968) in the adjacent
parts of the Oneco quadrangle has shown, however, that east of Moosup the
belt of quartzite and quartz;mica schist is wider and more extensive

than was previously thought, and that the southern contact between the
Plainéield and the Hope Valley Alaskite must be about a mile south of

where it is located on the Plainfield map (plate 4). It therefore seems

likely that the Plainfield Formation in this area forms a continuous belt,



The belt has a maximum thickness of about 800 feet in the Oneco quadrangle
(Harwood, written communication, 1968) and apparently thins to the south.
The rocks in general trend norgh or northeast and dip about 25° west;

Directly beneath the Lake Char fault surface.west of Starkweather Road
(P-25 N; 5 E)‘are a few exposures of quartzite mylonite or blastomylonite.
The rock is extremely fine grained, thinly laminated and grayish yellow
green to very light gray (plate 7, fig. 3). In one small exposure the
rock looks like a breccia except that the very fine-grained matrix is
apparently mostly quartz and isAstrongly indurated. The clasts are
rounded to angular, fine-grained cataclastic quartzite and quart;-chlorite
rock, and have a maximum size of about 1/2 inch.

Away from the fault the average grain size of the'quartziée increases
to'about 0.2 mm. The rock is very light gray, pinkish gray, or grayish
orange, and is massive to thinly laminated.‘ The qugrtéite typically
contains T5 to 90 percent quartz; and secondary amount; of plagioclase;
potassium feldspar, muscovite and biotite, and accessory amounts of opaéue
minerals zircon and apatite (sample'P2-262, table 2). Eithexr or both
plagioclase and potassium feldspar may be present; both are very fine
grained and untwinned. Biotite in some samples is very pale orange, and
difficult to distinguish frém muscovite, and in others it is light broﬁn.
Quartz grains are commonly elongated (in P2-262 the length to width ratio
is about 2:1; plate T, fig. 2), and show moderate to strong suturing of
grain boundaries.

The exposures near the southern limit of this belt contain very-fine-
graiﬁed light-gray quartzite interlayere& with fine-grained, dark-gray
hornblende gneiss (sample P2-1T2, table 2). The hornblende gneiss is
thinly laminated with discontinuous light-gray streaks of quartz and

feldspar. The average grain size is about 0.2 mm. Quartz shows moderately
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strong undulose extinction and suturing of grain boundaries. The
plagioclase is probably about andesine, but the grains are too small and.
too much altered to determine their composition. In general the horn-
blende gneiss resembles cataclaétic rocks of similar composition in the
Quinebaug Formétion, but the interlayered quartzite was not observed

in the Quinebaug.

Belt along the eastern edge of the Danielson gquadrangle.--The second

belt of Plainfield Formation can be traced from the northeastern cormer
of the Plainfield quadrangle (pléte L) to the northern part of the
Danielson quadrangle (plate 5). Most of the exposures in this belt are
of quartzite which is in general similar to the quartzite in the southern
belt. Other lighologies were observed primarily in Whetstone Brook (D-29.7 N;
0.5 E) where the quartzite is associated with medium gray, thinly laminated
muscovite-biotite-quartz schist, greenish-gray quartz-actinolite gneiss
and blueish-gray actinolite quartzite (sample D5-1k, table 2). The
The laminations in the quartz schist and the actinolite gneiss are tightly
isoclinally folded

All the rocks of this belt in the Plainfield and Danielson quadrangles
are mylonite or blastomylonite. Average grain size in all the samples
studied is less than 0.1 mm. Quarté boundaries are moderately to strongly
sutured. A sample of quartzite mylonite from exposureé along the Connecticut
Turnpike near the western edge of the East Killingly quadrangle contains
rounded quartz grains set in an ultrafine-grained matrix which is apparently
a mixture of .quartz and clay (plate 7, fig. 4; plate 8, fig. 1 and 2). The
quargzite Q&lonite which occurs within a foot or two of the Lake Char fault
plane is a laminated, light-olive-gray or greenish-gray rock which is

difficult to distinguish from alaskite mylonite.



Belt of Plainfield(?) Formation in the slice between two thrust

faults, Danielson quadrangle.--(Plates 2, 6). The hornblende gneiss and

amphibolite which is provisionally assigned to the Plainfield Formation

' Py
on plate 6 was originally assignéd to the Quinebaug Formation (plate‘;O.
The rocks occur‘between the Lake Char thrust fault and a subsidiary fault
in the lower plate. The hornblende gneiss.is in general lithologically
similar to though not exactly the same as some rocks in the Quinebaug
Formation, and no associated quartzite or quartz-rich rocks were ébserved
in the slice. Similar hornblendic rocks have, however, been observed
in the lower plate of the fault south of this area, where they are inter-
layered with Plainfield quartzites and quartz schists. The hormblende
gneisses in the slice are cut by biotite-quartz-feldspar gneiss indis-
tinguishable from the Scituate Gneiss, which is commonly associated with |
the Plainfield Formation, but has not yet been demonstrated to occur with
thé Quinebaug Formation. Since the rocks of the fauit slice are bemneath
the main Lake Char fault plane and rocks of similar lithoiogy do occur in
the Plainfield Formation elsewhere, it seems probable that these rocks
are part of the lower plate units, rather thanm part of the Quinebaug,
which so far has been observed only in the upper plate.

The rocks in the fault slice are medium~ to dark-gray, fine- to very-
fine-grained hornblende~quartz-feldspar gneiss and amphibolite, with or
without biotite as a major or minor constituent. Epidote may also occur
as}a major constituent in some rocks (sample D2-27k4, table 2), and local
layers in the rock contain as much as 75 percent epidote. The rocks
adjacen; to the faults on either side of the slice are strongly cataclastic,
and all samples observéd in the Danielson quadrangle are moderately to

strongly cataclastic. In these quartz and feldspar are commonly difficult



to distinguish. Feldspar appears to be mostly plagioclase, though minor
potassium feldspar occurs in some rocks. The plagioclase is commonly
very fine grained, untwinned and altered, and its composition is
difficult to detgrmine; in most r;cks it apéears to be about albite or
oligoclase. Much of the epidote in rocks is the resuit of alteration of
plagioclase. Quartz grains are moderately to stroﬁgly sutured, Horn~-
blende grains are ragged, and in some roqks broken, and in other samples
are bleached to almost colorless and are chloritized. In the large

cuts along the Connecticut Turnpike just east of the Danielson quadrangle
some of the hornblende'gneisses and amphbolites are granoblastic gneisses
which show little or no indication of cataclasis. These rocks, however,
are interlayered with and grade into mylonite and blastomylonite,.

especially near the fault contact with the underlying quartzite.

Origin and age.--The origin and age of the Plainfield Formation

cannot be readily determined in the Plainfield-Danielson area, since such
a small part of the unit occurs here, and what is here has been regiomnally
metamorphosed and cataclastically deformed subsequent to deposition. The
rocks were probably deposited as clean quartz sands with interlayered
dirty sands, in which the impurities were clays in some layers and
calcareous sediments in others. The hornblende gneisses may have been
dolostones or may have been tuffaceous volcanic rocks.

The Plainfield Formation is provisionally dated as Cambrian(?), but
no direct evidence of fhe age has been found. Goldsmith (1966) and
Lundgren (1966a) have established that the Plainfield Formation is
stratigr;phically older than the metavolcanic rocks of the Monson Gneiss
and Middletown Formation of middle(?) Ordovician age. The Cambrian age

is supported by the presence of fossil bearing quartzite cobbles in the

i



conglomerates of the Narragansett basin of Rhode Island, and in the

beach sands of southern Rhode Island and eastern Massachusetts (Shalef,
Woodworth and Foerste, 1899). The quartzite of the cobbles is in

general similar to the Westboro quartzite north of the Narragansett basin,
which has been correlated with, and is in part continuous with the

Plainfield Formation.
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Plainfield Formation:

T2-3 (T-12.4N; 14.3W): Yellowish-gray, small-grained quartzite, with
thin micaceous planes of pérting. Feldspar is fine-grained, mostly
untwinned, and is strongly sericitized. Biotite is dark yellow
orange (10YR 6/6), and is partially chloritized. Quartz grains have

' fairly smooth boundaries. Average grain size is about 0.7 mm (plate
7, fig. 1).

P2-262 (P-BO.%N; 0.6W): Grayish-§range, fine-grained, massive, quartzite.
Sample is very hard and brittle. Foliation is defined by a diffuse
lamination; a stained cut surface shows streaks of fine-grained
potassium feldspar parallel to the lamination. A prounounced
lineation commonly has an orange stain and possibly represeﬁts
micaceous streaks. Quartz grains are elongated parallel to the

. foliation;.the ratio of length to width is abéut 2:1. Quartz
boundaries are modefately sutured. Biotite is very pale orange,
and in the very fine grains is difficult to distinguish from
muscovite. Average grain size is 0.2 mm (plate 7, fig. 2).

P2-172 (P-T.TN; 9.2W): Greenish-black, fine-grained, poorly foliated
plagioclase-quartz-hornblende granulite. A strong lineation is
represented by white quartz-feldspar streaks and orientation of
hornblende grains. The weak foliation is a diffuse lamination of
alternating light and dark streaks. Quartz is moderately sutured.
Hornblende is moderate yellow green (10GY 6/4), though in part it
is bleached almost colorless and chloritized. The unidentified
aiteration appears to be mostly after plagioclase, and may be a

mixture of sericite and something else., Average grain size is 0.2 mm.
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D5-14 (D-29.7N; 0.3W): Light-blueish-gray, very-fine-grained quartzite.
Foliation is defined by a diffuse lamination. Thin quartz bandg
(less than 1 mm thick) cross the lamination at a low angle. Finef
grained, very-pale-green actinolite is subhedral to euhedral. Quar#z
grains are»moderately sutured ahd commonly elongate. In the quartzA

‘bands, the grains are strongly sutured, lérger and more elongate
(as much as 2 mm long by 1/4 mm wide) than in the rest of the rock.
Average grain size (except fér the quartz bands) is 0.05 mm (plate 1T,
fig. 4).

D2-2T4 (D-T.3N; 1.1W): Greenish-gray, fine- to small-grained epidote-
hornblende~-quartz-plagioclase gneiss. Foliation is‘defined by planar
streaks of hornblende and plagioclase grains. Sample contains an
epidote-rich layer about 1/2 inch thick, with minor hornblende,
quartz and plagioclase., The layer crosses the foliation at a low
angle. Pl;gioclase is poorly twinned and is distinguished from‘
quartz primarily by very-fine sericitic dust; the composition is
probably sodic oligoclase. Hornblende color varies from grayish
green (5G 5/2) to dusky yellow green (5GY 5/2), and grain boundaries
are shredded and irregular. Biotite is light olive (10Y 5/#);
Epidote is partly after hornblende and plagioclase, but may be
partly primary metamorphic. Quartz boundaries are weakly sutured.

Average grain size is 0.1 mm.



Quinebaug Formation

The Quinebaug Formation is ¢ 'mit cf primarily metavolecanic rocké,
with secondary amounts of incerlgyered metasedimentary rocks. It forms
the lower half of the Putnam Gneéss of Grezory (in Rice and Gregory, 1906)
and includes Foye's (1949) hornblende gneiss and amphibolite unit and
limestone and dolomite unit of the Putnam Series. The Putnam Gneiss
was redefined as the Putnam Group (Dixon, 1964) and separated into two
formations, the lower of which was named the Quinebaug Formation for
the Quinebaug River which courses through the formation from the Lake
Char thrust fault at the base to the upper part.

The Quinebaug Formation can be separated into three main units.
The upper and lower units are made up primarily of hornblende gneiss,
biotite gneiss and amphiboiite of probable volcanic origin. The middle
member, named the Black Hill Member, consists of micaceous schist and
gneiss of p%ébable sedimentary origin. In the northern part of the
Danielson quadrangle a felsic gneiss mostly of tonalitic composition
is associated with the Black Hill Member, and apparently occurs be-
tween the Black Hill and the upper members. The Quinebaug Formation
has a maximum apparent thickness of about 7,000 feet. It thins to the
north as it is cut out by the Lake Char faﬁlt.

The Quinebaug Formation is.bounded on the east by the Lake Char
thrust fault and on the west it is overlain by the Tatnic Hill Formation.
How much of the lower part of the Quinebaug has been cut out by the
fault cannot be determined, as the unit has not been studied in an area
where it is not faulted. The unit extends nor:hward to the vicinity
of Webster in southern,Massachusetts, where it is apparently cut out

entirely by the Lake Char fault; to the south it is cut off by the
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Honey Hill fault (plate 6). In general the unit trends north-northeast
and dips west at moderate angles, although local areas of almost vertical
dips are observed in the cataclastic lower part.

Most of the Quinebaug Formatéon is, or prior to cataclasis was, in
the sillimanite-muscovite gr.de of metamorphism. Rocks containing
«luminun-silicate minerals are rare, but a few lenses occur in the Black
Hill ﬁember and the lower member, and in these rocks sillimanite is
associated with primary metamorphic muscovite. Subsequent to regioaal
metamorphism most of the Quinebaug was subjected to cataclastic deformation.
All rocks of the lower member which were studied are cataclastic and
in the Black Hill and upper memb=2r; cataclastic rocks are common.

Lower Member

The lower me-ber of the Quinebaug Formation is a complex, hetero-
geneous unit of mixed metavolcanic rocks and subsidiary metasedimentary
and probable intrusive rocks. The intrusive rocks occur only as mylonite
gneisses in the strongly cataclastic lower part of the unit; The lower
member has a maximum apparent thickness of about 4,000 feet in the
Plainfield quadrangle and of about 750 feet in the northern pért of
the Danielson quadrangle. The thickness decreases to the north as
the unit is cut out by the Lake Char fault. The thickness figures are,
however, very approximate as the unit commonly shows abundant small
scale folds and faults. The folds, which could not be mapped out, would
exaggerate the thickness, and the faults, whose displacement cannot be
determined, could either exaggerate or recduce the thickness.

All rocks of the lower member are cataclastic rocks; in general
the degree of cataclasis increases in intensity downward toward the Lake

Char fault. Interlayered mylonite, mylonite gneiss and locally blasto-
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mylonite form a zone of rocks about 500 feet thick at the base of the
unit, and rocks in this belt are so thoroughly granulated that the |
mineralogy of the rock cannot be recognized in hand sample. These
rocks were separated on the Danielson and Plainfield maps (pl. 2 and 3)
as glc, and differ from the rest of gl only in the degree of cataclasis.
They grade fairly rapidly into myloni.e gneiss in which the fine- to
small-grained minerals are recognizable. 1In the rest of the unit the
rocks are mortar gneisses, mylonite gneisses and locally mylonite or
blastomylonite. The probable intrusive gneisses in the mylonitic lower
part of the unit were separated as glg on the Plainfield map. These rocks
are, however, in places difficult to distinguish from myionite gneiss
in glec, and on the compilation map (pl. 6) the distinctions were not
made, but glg and glc were combined with gl.

"Thefrocks of the lgwer mgmber of the Quinebaug are interlayered
light- to dark-gray, olive-gray, and dark-g?een{sh-gray, very~-fine-
to small-grained gneisses. The rocks are well layered with layers
an inch to a foot or two in thickness. The layers are commonly uniform
in thickness for tens of feet along strike, and the boundary between
layers is sharp. Massive amphibolite or hormblende gneiss 10 to 20
feet thick was observed locally, but could not be traced beyond a
given outcrop area. 1In most large exposures the layers are commonly
folded into small, tigat, Isoclinal folds. The ca-aclastic foliation
is cvmmonly parallel to the layering. 1In the mylonite and mylonite
gneiss in the lower part of the member, closely spaced planes of
cataclastic foliation may be strongly slickensided,

Modal analyses of the more common vork <y;es in the lower member

-

are given in table 3. The characteristic rrck >f the unit. though not



necessarily the most abundant, is a mottled, medium- to dark-gray,
locally light-gray, hornblende gneiss with medium to coarse hornblende
and plagioclase grains (table 3, samples P2-191 and P2-208). Whether it
is the dominant rock of an exposdxe, or in thin layers, the hornblende
gneiss can be found in almost every exposure of any size, except in the
mylonite and mylonite gneisses in the lower part of the unit where rock
typeé cannot be recognized. The hornblende and plagioclase are in a
fine-grained, granulated matrix of quartz, plagioclase, biotite and
epidote. The gneisses have a wide variation in the proportion of the
constituent minerals. The major minerals are quartz (5 to 35 percent),
plagioclase (5 to 50 percent), hornblende (5 to 60 percent), biotite
(0 to 30 percent) and epidote (3 to 30 percent). Muscovite may be
present in amounts up to 15 percent. In many rocks muscovite is
gradational into sericite and is secondary after plagioclase, but in
others it may be a primary metamorphic mineral. Garnet also may be
present in minor amounts. Accessory minerals include sphene, allanite
(commonly surrounded by epidote), apatite, opaque minerals, zircon and
locally tourmaline. Potassium feldspar is also an accessory mineral in
some rocks; it is associated with and probably exsolved from plagioclase.
Not all hornblende gneisses in the unit have the mottled appearance,
but many are essentially granular, fine-grained gneisses, with or
without coarse plagioclase grains. The mineralogy of these rocks is
about the same, with the same variations, as the mottled hornblende
gneiss. With a decrease in the amount of quartz, the hornblende
gneiss grades into amphibolite, consisting primarily of hornblende and

plagioclase and lesser amounts of biotite and epidote (table 3,
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samples P2-154 and PN-55). Biotite is commonly less than 5 percent

in the amphibolites, but may make up as much as 20 percent of the rock.

Muscovite and garnet were not ob§erved in amphibolite. Anthophyllite

was observed in one sample (tablé 3, P2-330); this is the only antho-

phyllite bearing rock found in the lower member of the Quinebaug,

although anthophyllite was specifically looked for. Scapolite,

probably secondary after plagioclase, occurs in some amphibolite.
Interlayered with the hornblendic rocks are a variety of rock

types. The most common is light- to dark-gray biotite-quartz-plagio-

clase gneiss, which is probably the most abundant rock of the lower

member (table 3, samples P1-16L4, D2-220, and P2-3%24). The rocks

consist of plagioclase (15 to 60 percent), quartz (15 to 50 percent),

biotite (5 to 35 percent) and secondary amounts of epidote (O to 30

percent, but in most rocks less than 10 percent)-and muscovite (O to

15 percéﬁt). Garnet is mére common in these rocks than in the hormblende

gneisses, but rarely amounts to more than one percent. Minor amounts

of microcline, less than 5 percent, may occur locally in the biotite

gneiss, Lenses of muscovite-biotite gneiss containing sillimanite and

garnet were noted at three widely separated localities, The sillimanitic

gneisses are similar to those in the Tatnic Hill Formation, and suggest

some metasedimentary rocks are interlayered with the metavolcanic rocks

in the lower member of the Quinebaug. A few small lenses of calc-silicate

gneiss occur locally; these consist of orange grossularitic garmet, diopside,

hornblende, quartz and plagioclase. Other varieties in the lower member

include rocks rich in epidote or in scapolite. The former contain 50 to

80 percent epidote and minor hormblende, quartz, chlorite or calcite.

Accessory minerals in all rock varieties are in general similar to those

yiardy)



in the hornblende gneisses, except that sphene is less common in the
biotite gneiss,

In the lower part of the lower member two feldspar gneisses are
intermixed with the hornblende a&d biotite gneisses (table 3, P2-185).
These are best seen in the road cuts along the Plainfield conmector
to the Comnecticut turnpike (P-21.6N; 9.7W) and on the east slope of
the long hill north of the cuts. 1In places the two feldspar gneisses
appear to have an intrusive relationship with the other rocks, but
all rocks in this area are mylonite and mylonite gneiss, and original
relationships are difficult to determine. The two feldspar gneisses
are medium- to dark-gray mylonite gneisses, with porphyroclasts of
pink to white microcline and white plagioclase in a very-fine-grained
granulated matrix. These rocks can be distinguished megascopically
from the bornblende and biotite mylonite gneisses, which also contain
porphyroclasts of white plagiocléée, only by the pink microcline, and
where the microcline is also white, they can be distinguished only in
thin section. The rocks consist of approximately equal amounts of
quartz, plagioclase and microcline, although the latter is commonly
slightly less abundant than quartz and ;lagioclase. All samples examined
are so thoroughly granulated, however, that aside from the feldspar
porphyroclasts it is difficult to distinguish the two feldspars and
quartz. Biotite (or chlorite after biotite) commonly makes up 5 to
20 percent of the rock. Muscovite and epidote may comprise as much
as 10 percent of the rock, but either or both may be secondary after
feldspar. Accessory minerals include apatite, zircon, sphene, opaque

minerals and minor allgnite.
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Blastomylonites in which most minerals are neomineralized to lower
grade mineral assemblages are exposed locally adjacent to the fault
planes (table 3, P2-381, P1-212). These are commonly dark-gréenish-gray,
very-fine-grained, dense, chloriéic rocks. They are commonly thinly
laminated with hlternating, diffuse light and dark streaks. They
consist primarily of chlorite, sericite and quartz, and secondary amounts
of épidote, calcite and sphene, although epidote is a ﬁajor mineral
in some blastomylonites. Plagioclase is recognizable in most samples,
but is filled with very-fine-grained sericite. Fine-grained muscovite
occurs in some rocks, and is gradational into sericite. A minor amount
of hornblénde may be present in even the most strongly neomineralized
hornblende gneiss. The hornblende is surrounded by chlorite of about
the same color. Minor biotite may be present in some rocks, but in

‘most it is all altgred to chlorite. One sample contained about 20
percent fine-grai;;d scapolité; The scapolite is uniaxial negative,
has a low birefringence and the refractive index is a little higher
than quartz; it is prob;bly a sodium rich scapolite formed from
plagioclase.

All samples of the lower member which were examined show a
catacl#stic fabric. Although there is a large variation in fabric,
the samples illustrated in plates 14 and 15 are typical for most of
the unit (sample P1-141 in plate 15, fig. 3 is from the upper member
of the Quinebaug Formation, but is similar to much of the lower member).
The cataclastic foliation is produced by streaks of very-fine-grained
minerals which are deflected around the fine- to medium-grained porphyro-
clasts of feldspar, hornblende and, where present, garnet. Hornblende

grains especially, and less commonly, plagioclase grains, may be ground



to an ellispoidal shape, with the long axes parallel to the cataclastic
foliation. In the matrix streaks of very fine-grained quartz or |
quartz and feldspar commonly alternate with streaks of quartz, biotite,
epidpte or chlorite. The mylonftes are more uniformly very-fine-grained
rocks, commonly with a few fine- to small-grained feldspar porphyroclasts.
Thelblastomylonites are also a fairly uniformly very-fine-grained

mixture of chlorite, sericite, epidote, and quartz, although some
chlorite and calcite may form fine to small size grainms.

The characteristics of the minerals in the rocks of the lower
member also show a wide variation. The hornblende porphyroclasts in
the mortar gneisses and some mylonite gneisses have ragged, irregular
boundaries (pl. 13, fig. 1 and 2; pl. 14; pl. 15, fig. 3 and 4). The
fragments of hornblende broken off from the larger grains are commonly
altered to actinolite, epidote or chlorite (pl. 14, fig. 3 and 4). In
mogeréﬁoroughly granulated rocks, hornblend;vgrains are very fine.
Locally hornblende has recrystallized to a network of fine-grained
subhedral to euhedral grains (pl. 13, fig. 3). In most of the horn-
blende gneiss the color of the Y direction is dark to moderate yellow
green (5GY) and Z is gray blue green (10BG), dusky yellow green (5GY)
or yellow green (10GY). In partially neomineralized rocks hornblende
is bleached to almost colorless, and in strongly neomineralized rocks
it is altered to chlorite and epidote.

Feldspar may occur both as very fine grains mixed with quartz
in the matrix of the rock, or, more prominently as porphyroclasts with
ragged, irregular boundaries (pl. 13, fig. 1; pl. 14, 15, and 16). 1In
the mortar gneisses and many mylonite gneisses plagioclase grains have

granulated boundaries, may have bent twin lamellae and may be zoned.



In the more strongly cataclastic mylonite gneisses the grains are
broken and the fractures filled with very-fine-grained quartz and
feldspar. 1In the mylonites most. plagioclase is granulated to very-fine-
or fine-grained. The compositioh of the plagioclase varies from
labradorite to almost pure albite. In the least altered hornblende
gneiss and biotite gneiss the composition is about An 40, and in
amphibolite it is about An 65, and these are probably close to the
composition of the plagioclase prior to cataclasis and recyrstallization.
The plagioclase within one thin section may vary in composition by

as much as 20 percent anorthite (An 5 to An 28 was measured in one
section; An 13 to An 30 in another). A minor amount of potassium
feldspar occurs as fine grains along or near the edges of plagioclase

in some rocks, and apparently was exsolved from the plagioclase during
recrystallization. In thé two feldspar gneisses, both plagioclase and
microcline commoni& contain wavy exsolution lamellae ofxfhe other feld-
spar. Some plagioclase in these gneisses is myrmekitic, but coarse
_coronas of .myrmekite, such as described by Lundgren in the cataclastic
Canterbury Gneiss (1966a) were not observed. Plagioclase shows varying
degrees of alteration from fresh to almost completely sericitized or
saussuritized.

Biotite in most of the rocks forms as a very-fine-grained network
either in streaks or throughout the rock. In the mortar gneisses some
biotite may be slightly coarser grained, but even in these the coarser
biotite occurs omly in the lee of plagioclase, hornblende or garmet
porphyroclasts. The color of the Z direction of the biotite is commonly
a shade of olive brown. (5Y), but may also be yellowish orange (1OYR) or

green (10GY or 5G). The green biotite can be dis.inguished from chlorite



only by the high birefringence. Biotite is partially altered to chlorite
in many rocks, and in the blastomylonites almost all biotite is altered.

Garnet occurs in fine to small, subhedral to anhedral grains. In
thin section it is colorless and:in hand sample it is deep red. The
composition of the garnet is not known but probably it is rich in
almandite. The boundaries of the garnet grains show no indications
of granulation (pl. 15, fig. 1 and 2). 1In some rocks part of all garnet
is pseudomorphed by sericite, chlorite or biotite.

Quartz is commonly uniformly very fine grained. Rocks in which
quartz grains are as much as O.1 mm in diameter are rare, and where
it is this coarse it shows strong undulose extinction. The quartz is
either in streaks of granular grains (pl. 15, fig. 1 and 2), or, more
commonly is strongly sutured (pl. 1k and 16). The granular quartz
occurs mostly in rocks which show little or no neomineralization of
feldspar and m#fic.min;rals, é;d in the Blastomylsnites éll quartz
'is strongly sutured.

Black Hill Member

The middle part of the Quinebaug Formation is a unit of micaceous
schist and quartz rich gneiss of probable sedimentary origin. The
unit was named the Black Hill Member (Dixon, 1964) for exposures on
the soﬁthern end of Black Hill in the Plainfield quadrangle (P-23-25N;
19-?2W). Many rocks in the Black Hill Member contain calcic minerals,
and the rocks are non-resistant to»erosion and poorly exposed. The
broad valley of the Quinebaug River south of Black Hill is suggestive
of an underlying non-resistant rock. in the Jewett City quadrangle
Loughlin (1912) and Sclar (1958) reported dolomite lemses in the

undifferentiated Putnam Gneiss. Reconnaissance in that area indicates



that the dolomite is associated with a calcic biotite schist similar to
much of the :lack Hill Member, and occurs between belts of hornblende
gneiss equivalent to the upper and lower members of the Quinebaug. North
of the Black Hill area, boulders §f calcic biotite schist occur between
the scattered outcrop areas, suggesting a continuity of the unit. It

is possible, however, tnat the Black Hill Member is not as continuous

as ié is shown on the Danielson and Plainfield geologic maps (pl. 2 and
L), but is, instead, a series of lemnses.

The apparent thickness of the Black Hill Member is probably about
1,500 feet, but neither the top nor the bottom are exposed, and the
unit is strongly folded. On the east side of Black Hill the loyer
contact of the unit is probably just above Cedar Swamp. The lowest
exposed rocks west of the swamp are hornblende gneiss and amphibolite,
suggesting the contact between the lower member and the Black Hill.
Member is gradational. The upéer contact of the unit is not exposed
in the Plainfield-Danielson area, and its nature is ﬁot knowa.

The rocks of the Black Hill Member consist of a variety of well-
layered, light- to dark-gray, fine- to small-grained micaceous or
hornblendic schists and gneisses, quartz rich gneisses, and minor
quartzites. Many of the rocks are calcite bearing, and the weathered
Surfaée is typically pitted with solution cavities. Layers most
commonly are from less than an inch to several inches in thickness.

The layering in the quartz-rich gneisses especially appears to be
primary bedding and small scale graded bedding, cross bedding and
channeling suggest that most of the rocks are right side up. The
unit characteristically shows strong internal folding, however, and

every outcrop is a series of isoclinal folds. Most of the rocks show



only minor indications of cataclastic deformation, but locally they
are mylonite or, more commonly, blastomylonite..

The rocks of the Black Hill Member contain various combinations of
quartz, plagioclase, biotite, mu;covite, hornblende, epidote and calcite,
and less abundantly, garnet, sillimanite and scapolite. Modal analyses
of some typical rocks are given in table 4. Probably the most common
rock\of the unit is a medium- to dark-gray, biotite=-quartz-plagioclase
granular schist with or without calcite and muscovite (table 4, P2-157).
Biotite ranges from 10 to almost 50 percent of these rocks, but commonly
is about 20 to 25 percent. Quartz and plagioclase have about the same
range as biotite, and in most rocks are 30 to 40 percent. Calcite,
epidote and muscovite each may constitute O to 15 percent of the rock.
With an increase in the amount of quartz and feldspar in proportion
to the micas, the rocks are light- to medium-gray, fine-grained gneisses,
and mica rich varieties are interlayered ;igh mica poof varieties on
a small scale.

Another fairly common rock type is a medium- to dark-gray biotite-
hornblende-plagioclase~-quartz gneiss (table 4, PN-82). These rocks
also have a wide variation in the proportion of the constituent minerals,
and mafic rich and mafic poor varieties are interlayered on a fine scale.
Epidote commonly makes up 2 to 10 percent of the hornblende gneiss.
Calcite and muscovite were not observed. The rocks are commonly fine
enough grained that hornblende and biotite are difficult to distinguish
megascopically.

Less abundant interlayered rock types include muscovite schist
and quartzite., The schist is a medium-gray, commonly orange stained,

plagioclase-muscovite-quartz schist with or without biotite, garnet and



and less commonly sillimanite (table 4, P1-155). The most abundant
minerals are quartz (30 to 7O percent) and muscovite (25 to 35 percent).
Plagioclase commonly forms less than 10 percent of the rock and biotite
is from 0 to 15 percent. Garnet; where present, is less than 5 percent,
and in some rocks is partially to completely.pseudnmorphed by chlorite,
sericite and biotite. Sillimanite was observed in only one sample,

and only minor unaltered sillimanite was present; the majority was
altered to sericite. White, small-grained quartzite, commonly orange
stained, occurs as local layers as much as a few inches thick. The
rock contains about 95 percent quartz, 5 percent muscovite and minor
plagioclase,

On the east side of Black Hill is a lens of light- to medium-gray,
fine-grained quartz-rich gneiss. The lens has a maximum apparent
.thickness of about 700 feet, and can be traced along strike for about
i/é mile; Siﬁilar rocks wére no£ ;bserved in outérop eisewhere in
the member, although scattered boulders of the rock occur in the
Danielson quadrangle, and probably it occurs as lenses throughout the
unit. The rock is primarily a muscovite-quartz granular schist with
secondary amounts of plagioclase, calcite, biotite, epidote, and locally
scapolite (table 4, P1-160).~ Quartz makes up 50 to 75 percent of the
rock and muscovite is commonly 10 to 20 percent, although in some layers
muscovite is minor. Plagioclase in most rocks is less than 10 percent,
but locally is as much as 20 percentl Biotite constitutes O to 15
percent of the rock. Calcite, epidote, and where present, scapolite
are commonly 5 percent or less. Minor dark-gray hornble#de gneiss and

amphibolite is interlayered with the quartz gneiss.



The minerals in the Black Hill Member are mostly fine to small
grained and have fairly regular smooth boundaries. The average grain
size of the rocks is commonly 0.2 or 0.3 mm. Quartz grains in most
rocks are a fairly uniform size,:and weakly to moderately sutured;
only locally is quartz strongly sutured. The composition of the plagio-
clase varies from An 20 to An 35, except in the stromngly altered rocks
where it is more sodic. Biotite is commonly light or moderate olive
brown (5Y), although in some rocks it is yellow brown (1OYR). Horn-
blende is dark yellow green (10GY 4/4) to moderate blue green (5BG L4/6).
The rocks commonly show minor amounts of alteration of biotite and hornblende
to chlorite, of plagioclase to sericite and of garnet to sericite, chlorite
and biotite; and rocks which are granulated and cataclastically deformed
are more strongly altered than those which are not. Blastomylonites occur
locally, and in these most of the mafic minerals are chloritized and most
of the plagioélase sericitized, so the rocks contain quartz, chlorite,
sericite-muscovite, epidote and some unaltered sodic plagioclase. Garnet
in the blastomylonites is also completely altered. Accessory minerals in
the unit include apatite, sphene, tourmaline, opaque minerals, rutile and
zircon,

Tonalitic Gneiss

In the northern half of the Danielson quadrangle (pl. 2 and 6) is
a lens of light-gray felsic gneiss which is associated with the Black
Hill Member. The gneiss varies somewnat in composition, but is commonly
tonalitic. On the eastern side, or at the base, the gneiss is gradational
into the Black Hill Member. It is probably overlain by the upper member
of the Quinebaug Formation, although there are no exposures to indicate

the nature of the upper contact or the overlying rock. The northern



part of the lens is in fault contact with the upper member both on
the east and on the west. The lens has a maximum thickness of about
1,400 feet in the thickest part.

The tonalitic gneiss is commonly a light-gray, fine-grained,
thinly-laminated muscovite-quartz-plagioclase gneiss. In places
the plagioclase gneiss grades into a medium-grained two feldspar gneiss
with coarse splotches of biotite. Elsewhere it grades into a small-
grained, biotite granular schist which is similar to some of the
schist in the Black Hill Member. Minor hornblende gneiss and amphibolite
are interlayered with the gneiss; these were observed only in the
northern part of the unit. A thin band of quartzite, about 10 feet thick,
was traced for about a mile in the middle of the unit. The lamination
is produced by alternating streaks of micaceous and quartz-feldspar rich
layers, and the laminae are commonly less than 0.1 inch thick. Schistosity
.is paréllel to the lamination, although many rocks show two directions of
mica orientation. Most of the rocks are mortar gneisses with streaks
of granulated mineral grains parallel to botﬂ directions of mica
orientation. Locally the rocks are strongly granulated and contain only
a few streaks of nongranulated minerals in a fine-grained granulated matfix.

Modal analyses of the tonalitic gneiss are given in table 4. The
most common rock is light-gray, fine-grained laminated biotite-muscovite-
quartz-plagioclase gneiss with or without minor amounts of potassium
feldspar, calcite and epidote (table 4, D3-75). Quartz and plagioclase
are commonly about equal in amount and make up 25 to 50 percent of the
rock each. Many rocks contain a small amount of fine-grained irregular,

untwinned potassium feldspar which occurs with, and is probably exsolved
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from plagioclase. Locally the gneiss may contain as much as 10 percent
microcline (table 4, D2-31). Muscovite is commonly more abundant
than biotite but locally the rocks are biotite rich (table 4, D2-82)
and either mica may make up as m@ch as 20 percent of the rock.
Calcite and epidote each constitute 1 or 2 percent of most rocks,
although calcite is lacking in some rocks. Accessory minerals include
allanite (associated with the epidote), apatite, sphene, zircon,
magnetite, and locally small red garnet.

The tonalitic gneiss is commonly fine to small grained, although
most is somewhat granulated and the grain size is quite variable;
the average of the ungranulated grains is about 0.5 mm. Plagioclase
grains may have either smooth, regular boundaries, or may be irregular.
The composition of the plagioclase is An 15 to An 30, except where it
is altered, in which case it is more sodic and may be zoned. Muscovite
in some rocks, and possibly some of the calcite is sécondary after
plagioclase. Pleochroism of the biotite is from almost colorless to
moderate olive brown (5&) or grayish olive (10Y). Biotite in some
rocks is partially altered to chlorite. Quartz grains also may have
smooth, regular boundaries in the ungranulated part of khe rock and
be moderately to strongly sutured in the granulated parts.

The thin quartzite lens was observed only in the northerm part
of the tonalitic gneiss. The rock is white, grayish yellow weathering,
fine-grained quartzite composed of about 90 percent quartz, minor
muscovite and accessory albite, sphene, magnetite, and limonite.
Streaks of granular quartz with an avefage size of about 0.3 mm
alternate with thin grfnulated streaks of very-fine-grained quartz.

Most of the muscovite and limonite is contained in the



granulated streaks, and is oriented parallel to the streaks.
Upper Member

The upper member of the Quinebaug Formation is, in general, similar
to the lower member except that éhe rocks are not so thoroughly cata-
clastic, The upper member overlies the Black Hill Member and underlies
the Tatnic Hill Formation. The unit has an approximate apparent thick-
ness of TS50 to 2,000 feet. The variation in thicknéss may be original
in part, but it is also in part tectonic. The contact between the
upper member and the Black Hill Member is not exposed; it is in part
a fault contact, and may be more extensively faulted than is shown
on the Danielson and Plainfield maps (pl. 2 and 4). Only the upper
100 to 200 feet of the upper member is well exposed. These rocks form
a series of east facing cliffs capped by the rusty weathering gneiss
at the base éf the Tatnic Hill Formation. A typical exposure is on
the east side of Tatnic Hill (D-0-6N; 22.5;23w), where 120 feet of
interlayered hornblende gneiss and biotite gneiss are exposed below
the rusty weathering gneiss at the top of the hill. Within 10 to 20
feet of the contact the Quinebaug gneisses are also slightly iron
stained.

The rocks of the upper member consist of interlayered medium- to
dark-greenish-gray, fine- to medium-grained hornblende gneiss, biotite
gneiss and amphibolite. The rocks are well layered; individual layers
are from a few inches to a few feet thick, and commonly maintain a
uniform thickness for tens of feet along étrike. The layering in part
probably represents primary bedding, and in the upper part of the unit
most bedding top critgria indicate the rocks are right side up. 1In

places, however, the plane of layering can be demonstrated to be a



shear plane. A common feature of the upper member is small pods, a
few inches to a foot in diameter, of amphibolite, epidote granulite,
or diopside=~scapolite-~hornblende granulite. These pods commonly
show evidence of rotation, :

Modal analyses of samples of‘the upper member of the Quinebaug
Formation are given in table 5. As in the lower member the characferistic
rock of the unit is a mottled medium-gray, hornblende gneiss containing
coarse hornblende and plagioclase grains in a fine- to small~-grained
matrix of hornblende, plagioclase, biotite, epidote and with or without
quartz (table 5, P1-60). The coarse hornblende gneiss is not as
abundant as it is in the lower member, and in some large exposures,
such as the cliffs west of the Quinebaug River in the northern part of
the Danielson quadrangle, the rocks are primarily interlayered
equigranular hornblende gneiss and biotite gneiss. In some of the
coarse hornblende gneiss of the upper member, however, the hornblende
megacrysts are larger than any observed in the lower member; this may
be because of less intense cataclasis in the upper member. The most
abundant rock of the unit is biotite-quartz-andesine gneiss (table 5,
P1-143, D3-85), although it is commonly interlayered with biotite-
quartz-andesine-hornblende gneiss on a small scale (table 5, P1-141).
The variations in the proportions of the constituent minerals
of the rocks of the upper member are about the same as those in
the lower member. Minor amounts of potassium feldspar may be
present in any of the rqcks, but it is more likely to occur in the
biotite gneiss than in the hornblende gneiss. Epidote is a common
minor constituent of most of the rocks. Muscovite may be present in

-

either the biotite gneiss or the hornblende gneiss, but most of it



appears to be secondary after plagioclase. Minor amounts of garnet
may also be present in any of the rock types. Accessory minerals
include opaque minerals, rutile, allanite (associated with epidote),
zircon, sphene, apatite, and locélly tourmaline and calcite. Calcite,
where present, is also apparently an alteration of plagioclase.

Also interlayered with the rocks of the upper member is plagio-
clas;-hornblende amphibolite, with secondary amounts of biotite, epidote
and in some rocks minor diopside. The amphibolite is commonly laminated
with alternating, thin plagioclase and hornblende rich layers. Local
lenses may contain 95 percent actinolite and minor quartz, plagioclase
and chlorite. The actinolite is grayish green in hand sample, and
colorless in thin section. An unusual amphibolite is exposed in a road
cut just west of the Quinebaug River in the Danielson quadrangle (D-36.0N;
13.3W). It is shown on the Danielson map (pl. 2) as part.of the upper
member, but tﬁeré are no other outcrops nearby to indicate what tybe
of rock it is associated with, and it could be a part of the Black
Hill Member. The rock.is composed of about 40 percent each hornblende
and scapolite and secondary amounts of altered plagioclase, chlorite,
magnetite and sphene, The scapolite is associated with and appears
to be replacing plagioclase. The hornblende is color zoned with pale,
bleached cores and dark-yellow-green rims. The rock apparently was
partially neomineralized during cataclasis. Similar amphibolite was
not observed in outcrop elsewhere in the area, but a sample of similar
composition was collected from a boulder by G. Neuerberg in the Plain-
field quadrangle. The source of the boulder is unknown, but it does

suggest similar amphibQlites may occur in the area.
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Amphibolite may also occur in small pods a few inches to a foot
in diameter. The amphibolite is commonly layered and the layering is
at an angle to the foliation and layering in the surrounding rock,
indicating rotation of the pods.; Other pods in the upper member are
primarily epidote with minor hornblende, quartz and plagioclase,
or consist of various combinations of hormblende, diopside, scapolite,
plaéioclase, epidote and minor quartz, and biotite (table 5, P1-TL).

The rocks of the upper member of the Quinébaug Formation have an
average grain size which varies from 0.2 to 0.7 mm; the amphibolites
may be somewhat coarser with an average grain of about 1 mm. Rocks
which show little or no evidence of cataclastic deformation are essentially
equigranular with or without coarse plagioclase or hornblende grains,
and the grains have generally smooth boundaries. Most rocks, however,
show some granulation of grains especially around the edges»of the
coarse plagioclase and hornblende, and in these the coarse g£éins have
ragged, irregular boundaries. Plagioclase composition in most grains
is between An 30 and An 45, but locally it may be a sodic as An 20
and in the amphibolites may be as calcic as An 60. The potassium
feldspar, where present, is commonly as fine grains associated with,
and probably exsolved from plagioclase, although in some biotite gneiss
it may form as small, discrete grains of microcline. The color of the
hornblende shows some variation. In some rocks Y and Z are grayish
green or dusky yellow green (10GY) and in others, especially the
amphibolites, they are olive brown (5Y). The refractive indices of
one of the coarse hormblende grains from P1-60 are: « = 1.670;
B=1.688; y-= 1.693;.2Vx = 68°. These indicate a ratio of Fe++/Mg of

about 60 (Troger, 1956). The Z direction of biotite is either olive
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brown (5Y) or yellow brown (10YR). The color of the biotite does not
appear to relate to the mineralogy of the rock for either color may
occur in the biotite gneiss or in hornblende gneiss. Minor amounts
of secondary minerals are present in many rocks. These include
sericite-muscovite after plagioclase and less commonly after garmet,
chlorite after biotite or hornblende and minor calcite after plagioclase.
Some of the epidote is also secondary after plagioclase or hornblende.
Age and correlation of the Quinebaug Formation

There is no direct evidence to indicate the age of the Quinebaug
Formation. It underlies, and is older than the Tatnic Hill Formation,
but the age relative to the Plainfield Formation cannot be determined
in this area, as the two are‘in fault contact. The Quinebaug is
tentatively correlated with the Middletown Formation and the Monson
Gneisg_on the western side of eastern Comnecticut (pl. 1, table 1).

The Middletown Fofmation is correlated with the Ammonoosuc Volcanics
of New Hampshire (Rodgers et al, 1959) dated as middle Ordovician by
correlation with the Beauceville Formation of Quebec, which contains
middle Ordovician fossils (Cady, 1960, p. 554). Thus the probable age
of the Quinebaug Formation is middle Ordovician.

The Quinebaug Formation cannot be traced directly into the
Middletown or Monson Formations, and the correlation is based on super-
position of metavolcanic rocks beneath correlative units of metasedi-
mentary rocks--the Brimfield Schist and the Tatnic Hill Formation. The
Middletown Formation is characterized by anthophyllitic gneiss, which
is interlayered with garnetiferous gn;iss, biotite gneiss, and amphibolite
(Lundgren, 1963). Monson gneiss is a unit of layered to massive

hornblende- and biotite-plagioclase gneiss; locally the Monson contains



potassium feldspar (Lundgren, 1963, 1966a; Goldsmith, 1966). Both
units are considered to represent metamorphosed volcanic rocks.
Anthophyllitic gneisses are rare in the Quinebaug Formation, and where
present they are not at or near tée top of the unit, so the direct,
lithologic equivalent of the Middletown Formation is not present in
the Quinebaug Formation. The Monson Gneiss is commonly more felsic
than is the Quinebaug Formation, and the coarse hornblende gneiss
which is characteristic of the Quinebaug has not been described in

the Monson Gneiss. The Quinebaug around the Willimantic dome is also
characterized by the coarse hornblende gneiss (Snyder, 1967), but in
part it consists of layered felsic gneisses which resemble Monson
Gneiss more than Quinebaug. Possibly the Quinebaug in the dome
represents a transition between the Quinebaug lithology of the Plainfield-
Danielson area and the Monson type iithology.

The correlation of the Quinebaug Formation and Monson Gneiss is
substantiated, though not proven, by comparison of the chemical analyses
of the two units given in table 19. Analyses 1 to 6 are of the cataclastic
lower member of the Quinebaug Formation in the Plainfield-Danielson area.
Analyses T and 9 are also Quinebaug Formation; 7 is from a slice between
two branches of the Honey Hill fault in the 01d Mystic quadrangle south
of this area, and 9 is from the Quinebaug in the Willimantic dome in the
Columbia quadrangle (Snyder, 1967). Analyses 8 and 10 are of Monson
Gneiss; 8 is from the west flank of the Hunts Brook syncline south of
the Honey Hill Fault in the Niantic quadrangle (Goldsmith, 196Td),and
10 is from the core of the Monson anticline in the Mérlboro quadrangle.
The chemical affinity of the Quinebaug and Monson is suggested in

figure 4, a plot of the ratio of alkalies (NagO + Kz0):Fe (FeO + FepOsz +



Alk

& Quinebaug Formation

© Monson Gneiss

% Monson Gneiss (Snyder, 196ka)

Figure lL.--Triangular diagram showing the ratios of alkali (KgQ + Nag0) :
F(FeQ + 2Fes05 + MnO) : M(MgO) in analysed samples of the
Quinebaug Formation and Monson Gneiss.

&S



MnO):Mg for each of the analysed samples. The ratios are concentrated
aloné the dashed line on the diagram; this concentration is more
apparent when the unpublished analyses of Monson Gneiss are also plotted.
Oéigin

The Quinebaug Formation apparently represents a metamorphosed
sequence of primarily volcanic sediments. The well layered nature of
most of the unit and the lithologic variation of the interlayered rock
types suggests that volcanic ash was deposited in a basin which was
also accumulating sedimentary material, which in part at least, was
probably reworked volcanic debris. There is little evidence in the
rocks now for extensive flows of volcanic rock. Some of the massive
amphibolite may represent original flows, but these are scarce and of
limited extent. Because much of the Quinebaug is probably of mixed
volcanic and sedimegtary origin, chemical analyses of individual
sampiés ;re of little value in'determining the originai compoéition of
the volcanic material. The C.I.P.W. norms of samples P2-324 and P2-154
are about comparable to the average andesite or dogeite of Nockolds
(1954, tables 5 and 6), of samples P1-208 and 1871 to dacite (table 2)
and C-338 to basalt (table T). The analysis of P1-208 is, however,
also comparable to that of average graywacke, as is D2-220 (Pettijohn,
1963, table 6). At least some of the rocks also were not closed systems
during all of the subsequent metamorphic deformation. Sample P1-212
is a thoroughly neomineralized blastomylonite which must have had some
change in composition during cataclasis., From the overall composition
of the rocks of the Quinebaug, it seems probable that the original

volcanic material was.andesitic to basaltic in composition.



The metasedimentary rocks of the Black Hill Member apparently
represent a hiatus in the volcanic activity. The sediments that
comprise the unit are probably rgworked volcanic material for the most
part. Pelitic schists containiné abundant muscovite and sillimanite
were observed only near the top of the member, suggesting more
thorough weathering took place late in the deposition of the sediments
of the Black Hill. The tonalitic gneiss aésociated with the Black
Hill Member in the northern part of the Danielson quadrangle was
probably a felsic tuff of dacitic composition.

The two feldspar mylonite gneisses in the lower part of.the lower
member appear in places to have an intrusive relationship with the
rest of the unit. Some of the gneisses are indistinguishable from
mylonitic gneisses of the Sterling Plutonic Group, and they may be a
part of the Sterling. The two feldspar gneisses may, however, contain
as ﬁuch as 20 péfcent biotite, while the rocks of the Sterling rarely
contain more than 10 percent biotite. It seems more likely that the

two feldspar gneisses represent intrusive rocks associated with the

volcanic activity and are about the same age as the rest of the Quinebaug.

Formation.
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Lower Member of the Quinebaug Formation:

P1-16L4 (P-22.6N; 17.7W): Light-olive gray, fine-grained garnet-epidote-
biotite-quartz-feldspar gneiss. A weak foliation is defined by
thin lamination of feldspatgic layers parallel to the alignment
of the small, sparse biotite flakes. Plagioclase augen as much

.as 1.5 om long and averaging 0.5 mm are in a fine-grained, gran-
ulated matrix of quartz, plagioclase, mica and epidote. Small garnet
grains are unbroken and euhedral. Quartz boundaries are moderately
sutured. Some plagioclase grains are zoned and complexly twinned
and some are bent. Biotite is moderate olive brown (5Y 4/4).

Grain size is variable. (Pl.iﬁ, fig. 1 and 2.)

P1-191 (P-3.6N; 22.5W): Dark-gray, weathers olive-gray, plagioclase-

hornblende gneiss. Medium to coarse hornblende and plagioclase
' grains as mucﬁ as T mm_Iong are in a fine-grained matrix. Weak
foliation is defined by streaks of piagioclase grains. Plagioclase

and hornblende grains which average about 0;7 mm long are in a
fine-grained, granulated matrix of quartz, plagioclase, epidote,
biotite and sphene and have irregular, ragged boundaries. Quartz
is weakly sutured. Biotite is moderate yellow brown (1OYR 5/L)
and hornblende is moderate yellow green (10GY 6/L4). Grain size is
variable.

P1-208 (P-22.9N; 15.9W): Medium-gray, medium-grained epidote-biotite-
hornblende-quartz-plagioclase gneiss. Black hormnblende laths and
coarse plagioclase grains are as much as 1/2 inch long. Foliation

~is defined by feldspathic layers alternating with thicker hornblende
rich layers. MeQ}um to coarse hornblende and plagioclase grains

are in a fine-grained granulated matrix of quartz, biotite and



epidote and have irregular ragged boundaries. Quartz is strongly
sutured. Some plagioclase grains are filled with sericite and
less abundantly epidote and chlorite; other plagioclase is fresh
and unaltered. Biotite is mostly moderate olive brown (5Y L/A)
but is variable to green. Hornblende is dark yellow green (10GY
4/4). Grain size is variable. (Sample collected from a temporary
exposure in a building excavation.)

D2-220 (D-0.3N; 3.9W): Medium-gray, medium-grained epidote-biotite-quartz-
plagioclase gneiss. Plagioclase grains are as much as 1/2 inch
long. Foliation is defined by orientation of micas and a crude
layering of plagioclase rich and mica rich bands. 'Streaks of mica
and granulated quartz wrap around medium plagioclase grains. Some
plagioclase shows bent lamellae and complex twinning; plagioclase
boundaries are irregular. Quartz is strongly sutured. Sparse
cubes of pyrite are less than 2 mm square. Biotité{i% moderate
olive brown (5Y 4/4). Grain size is variable.

P2-324 (P-35.1N; 6.5W): Dark-gray, small-grained garmet-biotite-quartz-
plagioclase gneiss. Rock is weakly foliated; foliation is primarily
defined by orientation of fine-grained biotite flakes. Plagioclase
augen average 0.5 mm in length and are in a matrix of granulated
quartz, micas and epidote. Quartz boundaries are strongly -sutured.
Fine-grained garnet is subhedral to euhedral and is not granulated.

Biotite is light olive brown (5Y 5/6). Grain size is variable,

-1 2



P2-154 (P-23.2N; 8.5W): Medium-dark-gray, small-grained biotite-
hornblende-plagioclase gneiss. Rock is poorly foliated. Clots
of granulated quartz and feldspar occur between irregular,
medium grains of plagioclasé, hornblende and fine-grained biotite.
Some plagioclase is zoned and complexly twinned. Sphene occurs
as a mantle around opaque grains, probably magnetite. Biotite is
dark yellow orange (10YR 6/6). Hornblende is grayish green
(10GY 5/2). Average grain size is 0.5 mm.

P2-330 (P-32N; 8.4W): Speckled-dark-gray, medium-grained anothophyllite-
plagioclase-hornblende gneiss. Foliation is defined by planar
orientation of amphibole and plagioclase laths; elongate prisms of
anthophyilite lie in the foliation plane. Plagioclase laths as
much as 0.2 inches long give the rock a spotted appearance. Grain
boundaries are partly smooth and regular, and in part grains are
4separated by irregular streaks of the unidentified alteration,t i
which is probably a mixture of epidote and something else. Biotite
is dark yellow orange (10YR 6/6). Hornblende is dusky yellow
green (10GY 4/4). Average grain size is 0.5 mm.

P2-185 (P-43.8N; 1.8W): Spotted medium-light-gray, fine- to small-grained
biotite~epidote-quartz-feldspar~-mylonite gneiss. Contains moderate-
orange-pink porphyroclasts of microcline as much as 1/4 inch long,
many of which show Carlsbad twins, and less abundaqt, smaller,
colorless porphyroclasts of plagioclase. The coarse feldspars are
in a very-fine-grained, granulated matrix of quartz, feldspar, biotite
and epidote. Foliation is defined by planar streaks of granulated
feldspar and of micas. Feldspar porphyroclasts may be angular,

-

rounded or augen shaped; the microcline is commonly angular and



plagioclase either augen shaped or a rounded core in a granulated,
sﬁrung out matrix. In thin section all feldspar grains have
strongly granulated boundaries and are broken and the fractures
filled with a very-fine-grgined quartz and feldspar. The Carlsbad
twin plane may also be a plane of microscopic granulation (similar
to plate 1;). Discontinuous veins, 0.5 mm or less wide, of chlorite
and calcite cross the foliation. Quartz boundaries are strongly
sutured. Grain size is variable.

PN-65A, PN-65B, P2-381 (P-43N; 0.TW): Exposure of the Lake Char fault.
Sample PN-65B was collected 3 feet above the fault contéct, PN-65A,
one foot above, and P2-381 about an inch above the fault. All
three rocks are considered to have Been the same rock type prior
to cataclasis; a hornblende gneiss or amphibolite, with about the
composition of PN-65B. (Plate 13.)

PN-6§B.--Médiﬁm-dark-gray, small-grained'epidote-biotite-plagigclase-
hornblende gneiss. Rock is poorly foliated; foliation is defined by
a general planar arrangement of hornblende and plagioclase. Horn-‘
blende and plagioclase grains have very irregular boundaries. Most
plagioclase is zoned, and some is complexly twinned. Some hornblende
grains are filled with minute opaque inclusiomns. 'Sphene commonly
mantles an opaque mineral, probably magnetite. Biotite is moderate
olive brown (5Y 4L/4). Hornblende is dusky yéllow green (5GY 5/2).
Grain size is variable. (Plate 13, fig. 1 and 2.)

PN-65A.--Medium-dark-gray, fine-grained, hard and demse rock. Rock
is too fine grained to identify minerals in hand sample, except for
thin streaks of plagioclase, Sample is streaked with diffuse, thin

LN Y

laminae. Fine-grained, untwinned plagioclase is difficult to



distinguish from quartz, and is probably about oligoclase. Most
plagioclase is dusted with a fine-grained sericitic alteration.
Very-fine-grained, subhedral to euhedral hornmblende is apparently
almost completely recrystallized. Very-fine fractures cross the
foliation and distort the grains along them. Hornblende is dusky
yellow green (5GY 5/2). Average grain size is less than Ol. mm.
(Plate 13, fig. 3.)

P2-§81.--Dark-greenish-gray, very-fine-grained, dense and brittle
blastomylonite. Sample is weakly and diffusely laminated. Rock
is crossed by numerous fine fractures filled with calcite and
chlorite, vPlagioclase grains are filled with a very-fine sericite dust.
Plagioclase has been neomineralized to sericite, calcite, epidote and
quartz. Hornblende has been neomineralized to epidote, chlorite and
possibly some calcite. Average grain size is less than 0,1 mm,
(Plate 13, fig. 4.)

P1-212 (P.-13.4N; 13.4W): Dark-greenish-gray, very-fine-grained chloritic
blastomylonite. Sample is very hard and brittle, and is thinly
laminated with diffuse, discontinuous white streaks, which are
feldspathic in part. Hormblende is almost completely neomineralized
to chlorite and plagioclase to sericite. Quarté has an average

grain size of about 0.1 mm and is moderately sutured.

7¢



8T jusdaad 6 pue surido0oadIW ST Juadxad

*jouxe8 (8) ‘epusiquioy Asv
*3jouaed (8)

*pIATOSX?

01 ‘1¢-2q uj $eserosoy8eyd woay paajosxe A1qeqoiad iedspiaj umyssejog /G

*a3739uBew Ayraeurad st anbedo /%

‘sujea8 sjrueilE ﬂamﬁm yatm Kpuounuod a3optdy \w
‘331301q (q) 1933® @3TIOTYD \m
‘aseroor8erd (d) 193ze 93yoTI8S /T

*juedxad 1°Q ueyl ssO] Sjunowr ur jussaid
s[exsuw Sa93edTpur X fjuadiad § cm:u sso] 9soyy 3deoxs ‘ioqunu 9TOoyM 3s9IBIU Y3 01 Jjo poapunox sa3ejuddidd

Lyuy

ocuy

(¢)otuy

-

1%
11

42
61

d)t-0
y‘q)¢

NN

O~ UKRO

91
Gl

Geouy

- ¥ O MK AR

O =N

=Ry

oguy

(a)1°0
1'0

.-o.coﬁmE

sec 00

{<

\H

0o *3eid
593191198

$931107YD

e ® 98 0 90 OQQ.HHQEH=°H~
***syeaautw anbedp

® e 2900 00
N N NN ]
e s s 00 0
e 89909 00
e e 9909 00
s 0000000
..
CIR)

teerey

s 0 s ecss

*9371o1®D
*9313edy
**u0d11Z
* *auaydg
**39uae)
*930p1dy

T rapualquiol

31 A09SNJ
*931301¢

*1edsp]ay wNISSBIOG
-onoa.-WMQHUOHMNHm
-..-.-...-..NUH“:O

%18-ca

1¢-2a

Gl-¢a

(GT-14d

161-1d

(@)

2g-Nd

(q)
2g-Nd

(®)
2g-Nd

a1dues
18301
cg-Nd

091-1d

ardueg

ssyoud) OIIT[EUOY

daquall TITH oeld

uorjemiod Sneqouind o2yl JO ssyoud O731T[RuOc] oyl pue Ioquwal T[TTH OoeTH 9yl Jo sasdfeur [Epo--'} 91qBL




Black Hill Member of the Quinebaug Formation:

P1-160 (P-23.6N; 20.1W): Medium-light-gray, fine-grained calcite-biotite-
muscovite-quartz granular schist. Weak foliation is defined by
orientation of muscovite flgkes, and by streaks of biotite.
Weathered surface is pocked by calcite solution cavities. Quartz
grains are fairly even grained with an average size of 0.2 mm,

and with moderately sutured boundaries. Biotite is light olive
(10Y 5/4). Average grain size is 0.2 mm.

PN-82 (P-25.6N; 21.8W): Layered, medium-light-gray to medium-dark-gray,
fine-grained biotite-feldspar-quartz gneiss (b), and quartz-biotite-
feldspar-hornblende schist (c). Sample contains a thin vein quartz'
about 0.2 inch thick with a streak of hormblende grains (a). Layers
are about 1/2 inch thick and the boundary between them is sharp.
Fine fractures, with granulation of grains along, or, where closely
spaced, between them cross the sample, some aflan angle to the
foliation and some parallel to it. Foliation is defined by
orientation of the micas parallel to the layering. 'Quartz>is weakly
to moderately sutured. Biotite is moderate olive brown (SH 4/k).
Hornblende is Y, dark yellow green (10GY 4/4) and Z, moderate blue
green (5BG 4/6). Average grain size is 0.2 mm.

P1-157 (P-25.2N; 22.1W): Medium-dark-gray, medium-grained calcite-quartz
plagioclase-biotite schist. Granular aggregates of calcite grains
form clots as much as 1/2 inch long and 0.2 inch thick. The main
foliation is defined by a planar orientation of most of the biotite
flakes parallel to an indistinct layering. About 20 percent of the
biotite, all of the chlorite and streaks of calcite are oriented in

-

another direction at a high angle to the more prominent foliationm.



Quartz grains are moderately sutured., Biotite is grayish olive
(10Y 4/2). The average grain size is 0.2 mm, but some calcite grains
are as much as 1 mm diameter.-

)

P1-155 (P-25.5N; 22.2W): Medium-gray, stained light-brown, small-grained,
garnet-biotite-plagioclase-muscovite-quartz schist. Foliation is
defined by planar orientation of the micas. Garnet grains are
commonly about 0.5 mm diameter, but may be as much as 3 mm; garnet
is strongly psuedomorphed by chlorite, sericite and biotite.

Biotite is moderate yellow brown (1O0YR 5/k); a small percent of the
biotite is secondary after garnmet, but this is the same color as

the rest of the biotite. Quartz is weakly sutured. Average grain

size is about 0.4 mm.



Quinebaug Tonalitic Gneiss:

D3-75 (D-33.2N; 11.1W): Medium-light-gray, fine-grained, laminated
muscovite-quartz-feldspar gneiss. The laminae are from very thin
to 0.2 inch thick and as muéh as 2 inches long, and are segregations
of micas, quartz and felspar. Mica plates are principally oriénted
in the lamination plane, but are also in a weak second plane.
Plagioclase is altered and most grains are filled with muscovite.
Sample contains a few skeletal anhedral garnmet grains. Quartz
grains are moderately sutured. Biotite is moderate olive brown
(5Y &/4). Average grain size is about 0.1 mm, though tﬁe grains
are variable in size.

D2-31 (D-36.2N; 12.4W): Light-gray, small-grained, muscovite-quartz-
feldspar gneiss. Foliation is marked by planes of concentration
of muscovite flakes and of streaked out feldspar. About half the
potassium feldspar is microcline and the other half is in small
irrggular grains adjacent to and exsolved from plagioclase.
Muscovite flakes are poikilitic; the inclusions are probably
quartz. Quartz is moderately sutured. Biotite is grayish olive
(10Y 4/2). Granulated streaks of quartz and feldspar parallel
the foliation. Average gréin size between the granulated streaks
is 0.3 mm. .

D2-84 (D-34.8N; 11.1W): Medium-dark-gray, fine-grained muscovite-biotite-
quartz~-feldspar gneiss. The rock shows two foliation planes; a flat
lying plane of mica schistosity controls the splitting of the rock,
and the second plane, at an angle of about 303 to the first, is
marked both by micas and by streaked out quartz and feldspars.

Granulation occurs along both planes. A rod-like, splintery lineation

.
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is at the intersection of the two planes. Potassium feldspar is in
fine, irregular grains adjacent to plagioclase, and is apparently
exsolved from plagioclase. Plagioclase grains have irregular
boundaries. Quartz is weakly sutured. Biotite is moderate olive

brown (5Y 4/4). Average grain size is 02. mm.

N
.
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Upper member of the Quinebaug Formation:

P1-143 (P-36.6N; 22.6W): Laminated, pinkish-gray, light-gray and medium-
dark-gray, fine-grained, biotite~-quartz-feldspar gneiss. The
lamination represents variations in the amount of biotite; fine-
grained biotite is oriented parallel to the lamination. Medium
to coarse plagioclase and, less abundant microcline are commonly
surrounded by a shell of granulated quartz and feldspar. The
thin section shows streaks of granulated grains, parallel to the
biotite orientation. Most quartz is granular, but in the gran-
ulated streaks it is moderately sutured. Some of the plagioclase
grains are zoned, especially near the granulated streaks. Biotite
is greenish olive (10YR 4/2). Average grain size is about 0.2 mm.

D3-85 (D-3T.6N; 15.2W): Medium-gray, fine-grained, layered biotite-
quartzifeldspgr gneiss and epidote-hornblende-biotite-quartz-
feldspar gneiss. The biot;te-qhartz-feldspar layer is 1.1/2 inches
thicg and bounded on either side by hornblende gneiss, which is
similar to P1-60, but was not included in the thin section. Fine
scale internal banding in both rock types is parallel to the
layering. Some bands are thin (1/10 inch), white quartz-feldspar
bands, some of which connect coarse plagioclase grains and others
are deflected around the plagioclase grains. Other bands (as much
as 1/4 inch) are biotite rich. Megacrysts of plagioclase are as
much as 1/2 inch diameter; some are granulated around the edges
and drawn out to augen shape and others are rounded. In thin section
the white bands are very-fine-grained, granulated quartz and
plagioclase and may contain small to medium size, rounded plagioclase.

The coarse plagioclase grains are surrounded by a shell of granulated

) -5



minerals, have irregular boundaries, some are broken and the
fracturesfilled with quartz, and some are zoned., Mica orientation
is parallel to the granulated bands, and both may be deflected by
the plagioclase megacrysts. Quartz is strongly sutured in the
granulated bands; elsewhere it is weakly sutured. Biotite is
moderate yellow brown (lOYR 5/4). Grain size is variable, but in
the least granulated matrix it averages 0.3 mm.

P1-141 (P-37.6N; 22.7W): Medium-dark-gray, medium-grained, biotite-
quartz-plagioclase-hornblende gneiss. Foliation is defiged by
planar arrangement of hornmblende and plagioclase streaks. Several
small fractures cross the foliation. Along the fractures is a zone
as much as 0.5 mm wide of strong granulation in which the very-fine-
grained quartz is strongly sutured, plagioclase is fractured and
sericitized and hornblende is chloritized. The rest of the rock is
a mortar gneiss in wﬂich granulation is seéﬂ mostly around tﬁe
boundaries of the medium-sized hormblende and plagioclase grains.
Quartz boundaries are granular in part and moderately sutured in
the granulated areas. Biotite is moderate yellow brown (1OYR 5/4).
Hornblende is dusky yellow green (5GY 5/2). Grain size is variable.
(Plate 15, fig. 3).

P1-60 (P-5.1N; 32.2W): Olive-gray, fine- to medium-grained garnet-
quartz-biotite~hornblende~plagioclase gneiss. The rock is spotted
with grains of hornblende as much as 1/2 inch long, with plagioclase
grains of about the same order of size, and with clots of smaller
plagioclase grains. Bands of granulated quartz and feldspar may

surround and connect some of the coarse plagioclase grains., Foliation
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is defined by a layering in which hornblende rich rock alternates
with biotite rich rock. The layering is parallel to the plane of
schistosity. Small garnet grains stand out on the weathered
foliation surface, although none were included in the thin sectiom.
The coarse hornblende and plagioclase grains in thin section are
surrounded by fing-grained granulated plagioclase and biotite.
Biotite is light brown (S5YR 5/6). Hornblende is dusky yellow green
(56Y 5/2). Grain size is variable.

P1-TL (P-0.2N; 30.3W): Dark-greenish-gray, medium-grained, biotite-
epidote~hornblende-scapolite-plagioclase~diopside granulite.
Scapolite and plagioclase cannot be distinguished megascopically;
scapolite commonly surrounds plagioclase and apparently is an
alteration of plagioclase. Much of the epidote is secondary after
hornblende. Biotite is light brown (5YR 5/6). Hornblende is pale

. yeliowish'green (10GY T/2). -Diopside is dusky yellow‘gkeen
megascopically and is colorless in thin section. The average
grain size is 0.8 mm. Sample is from a small pod, about 3 inches

in diameter in hornblende gneiss.



Tatnic Hill Formation

The Tatnic Hill Formation overlies the Quinebaug Formation in apparent
conformity. It forms the upper part of the Putnam Group, or the western
half of the Putnam Gneiss of Gregory (in Rice and Gregory, 1906). The
unit was named (Dixon, 1964) for exposures on and west of Tatnic Hill
in the southwestern corner of the Danielson quadrangle. The formation
consists of a series of micaceous schistsand gneisses and less abundant
calc-silicate gneisses and amphibolites of sedimentary origin, although
some of the amphibolites near the base of the unit may have been origimally
volcanic rocks. In the Plainfield-Danielson area, the Tatnic Hill
Formation extends through the center of the area from the southern edge of
the Scotland quadrangle to the northern edge of the Danielson quadrangle.
A small area of Tatnic Hill is also mapped on the western edge of the
Hampton quadrangle, where the unit is on the east flank of the Willimantic
dome (see pl. 1; fié;'a). On earlier maps that part of théﬂTatnic Hill
of the Willimantic dome was included with the Eastford Gneiss (Rice and
Gregory, 1906; Foye, 1949; Rodgers et al, 1956).

The Tatnic Hill Formation is divided into three main members, and
the lower member is further subdivided into several lithologic units.
The major subdivision of the formation was made by Snyder (1961) in the
Norwich quadrangle, where the Putnam Gneiss is equivalent to the Tatnic
Hill Formation, and his breakdown of the unit is followed here, though
with some modification (see Dixon, 1964). The lower member and the
upper one, the Yantic Member, are micaceous gneisses and schists of varying
composition, with minor interlayered calc~silicate gneiss and amphibolite.
The middle member, the Fly Pond Member (Snyder, 1961) consists of

thinly=-layered calc-silicate gneiss.
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The rocks of the Tatnic Hill Formation trendinortheast and dip
northwest at a moderate angle, commonly less than 350. The unit is
underlain by the Quinebaug Formation on the east and overlain by the
Hebron Formation on the west. It extends south of the Plainfield-Danielson
area to the Honey Hill fault, and the lower part is cut out by the fault.
The upper part of the unit can be traced southwest as a narrow belt above
the fault into the Chester syncline (pl. 1). North of the Plainfield-
Danielson area the unit can be traced continuously into southern
Massachusetts. The Tatnic Hill has a maximum apparent thickness of
about 5,500 feet in the southern part of the Plainfield-Danielson area,
and of about 2,000 feet in the northern part. The northward thinning of
the unit is apparent from the southern part of the Norwich quadrangle
(Snyder, 1961) into the Putnam quadrangle. Pfeliminary mapping in the
Putnam area suggests the unit is thinnest near the village of Putnam,
and increases in thickness again north of the village. All units of the
formatién are affected by the northward thinning, except for the Yantic
Member at the top, which retains a fairly uniform thickness across the
area.

The rocks of the Tatnic Hill Formation are in the staurolite-kyanite,
sillimanite and sillimanite-potassium feldspar grades of metamorphism.
Rocks in staurolite~kyanite grade occur only in the upper part of the
Yantic Member. The rest of the Yantic Member, the Fly Pond Member and
the upper part'of the lower member are sillimanite grade rocks, and those
in the lower half of the lower member near the base of the unit are
sillimanite-potassium feldspar grade., Muscovite occurs in many of the
sillimanite-potassium feldspar grade rocks; in some rocks it is probably

a primary metamorphic mineral, but in others it is a secondary mineral.
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Hypersthene bearing rocks and kyanite bearing\rocis are locally interlayered
with the sillimanite-potassium feldspar grade gneisses, but cordierite, |
which was reported by Snyder (1961) in the highest grade rocks in the
Norwich quadrangle, was not observed. Many rocks in the lower member
were cataclastically deformed subsequent to regional metamorphism.
Cataclasis is most common and strongest in the eastern, or lower part
of the unit and decreases to the west.
Lower Member

The lower member of the Tatnic Hill Formation is made up primarily
of various micaceous gneisses with minor interlayered calc-silicate
gneisses and amphibolites. The member has been subdivided into several
lithologic units which, from bottom to top are designated as the rusty
weathering gneiss (tr), biotite-garnet gneissi(gg), sillimanite gneiss
(ts), and biotite-muscovite gneiss (tbm). ‘A lens of clac-silicate
gneiss (tc) was traced for aboutﬂﬁfﬁiles along strike in the Plainfield
quadrangle, and a smaller one in the Danielson quadrangle. Other lenses
of calc-silicate gneiss occur in the lower member, but could not be :
traced beyond a given outcrop. Amphibolite lenses occur throughout the
member, and increase in abundance toward the base. These lithologic
units are in general continuous with and equivalent to the several
lithologic units below the Fly Pond Member in the Putnam Gneiss of the
Norwich quadrangle (Snyder, 1961). In that area Snyder (1961) mapped
lenses of a hornblende gneiss, called the Bates Pond Lentil, at about the
stratigraphic position of the garnet-biotite gneiss. He describes the
rock as a uniform unlayered gray gneisé containing large porphyroclasts
of black hornblende and flesh colored soaa-orthoclase. This rock was

not observed in the Plainfield-Danielson area, although a few small lenses
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of a medium-gray, medium~-grained hornblende gneiss, without coarse feldspar
or hornblende are interlayered with the.garﬁet-biotite-gneiss.

The contact between the lower member of the Tatnic Hill Formation
and the upper member of the Quinebaug Formation is sharp and apparently
conformable. The contact is well exposed in several places, commonly
near the top of the east facing hills and cliffs of the upper member of
the Quinebaug Formation. Locally the contact is along a fault, but elsewhere
it appears to be a normal, conformable contact. The rusty weathering
gneiss marks the base of the Tatnic Hill Formation; it is commonly 75
to 150 feet in thickness and contains abundant interlayered aﬁphibolite
lenses. Near the village of Canterbury (P-26.6N; 26.4W) the unit is
considerably wider than it is elsewhere, but the rocks are strongly
cataclastic and a number of small faults and folds can be observed in
outcrop, so that the actual thicknéss there‘may,not be much greater than
it is elsewhere. - The rusty weathering gnei;é giades upwaré into thex
garnet-biotite gneiss, which is 150 to 500 feet in thickness. Not
all the rocks in this unit contain abundant garnet, but many do, and similar
highly garnetiférous rocks are rare elsewhere in the Tatnic Hill Formation;
even pegmatites in this zone are abnormally rich in garnet. The garnet-
biotite gneiss is overlain by the sillimanite gneiss, which has an
apparent thickness of 800 to 3,000 feet, and which makes up the bulk of
the lower member. The sillimanite gneiss commonly contains some garnet in
small grains, but it is rarely abundant., In the Scotland quadrangle
(pl. 5) and southward in the Norwich quadrangle (Smyder, 1961) the top
of the lower member is the biotite-muscovite gneiss, containing no
sillimanite and minor garnet. This unit has a maximum apparent thickness

of about 1,000 feet and apparently it lenses out in the Plainfield



quadrangle (pl. 4). The various micaceous gneisses are gradational into
each other and, especially near the contact between the units, may be
locally interlayered with each other. The mappable lens of calc-silicate
gneiss has a maximum thickness of about 300 feet. The total thickness

of the lower member in the Plainfield-Danielson area is about 4,000 feet
in the south and about 1,000 feet in the north, and the northward thinning
is reflected in all umits.

Rusty weathering gneiss (tr om pl. 2, 4t and 6): The base of the

Tatnic Hill Formation is characteristically a strongly rusty weathering
gneiss., Lenses of interlayered amphibolite are abundant, and make up about
25 percent of the unit. Lenses and clots of light-gray, quartz-feldspar
gneiss are also common, and probably are pegmatitic, but most of them are
cataclastic and their original nature is difficult to determine. The
rusty weathering gneiss may occur within the lower member as well as at
the contact with the Quinebaug Formationm, a;d is underlain by either the
garnet-biotite gneiss or sillimanite gneiss. This is most common in the
Danielson quadrangle (pl. 2), and in most places fhis repetition of
lithology is interpreted to be the result of thrust faulting in the lower
member rather than interlayering of lithologies. The rusty weathering
gneiss is equivalent to Snyder's-(1961) graphite schist phase of the
Putnam Gneiss in the Norwich quadrangle.

The common rock of the rusty weathering gneiss unit is a grayish-
orange, pinkish-gray, to medium-gray, small- to fine-grained biotite-
plagioclase~-quartz gneiss, commonly with sillimanite and garnet, and
small graphite flakes. Fresh rock is medium-dark-gray but is rarely seen.
In 1962 Connecticut Route 14 through Canterbury village (P-26.TN; 27-28W)

was widened and new cuts made in the rusty weathering gneiss there.
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Within a year the medium-dark-gray gneiss of the fresh cuts was stained
grayish orange. Small, moderate-red gafnet, sillimanite and sericite
after sillimanite, and locally kyanite stand out on the weathered surface.
Megacrysts of plagioclase are present in many rocks. Much of the rusty
weathering gneiss exposed in the Plainfield-Danielson area is cataclastid,
and many rocks are mylonite or blastomylonite. Near the village of
Canterbury some of the mylonite gneiss resembles a conglomerate and
contains porphyroclasts of quartz and feldspar, possibly of pegmatitic
origin, in a fine-grained, granulated matrix.

Modal analyses of samples of the rusty weathering gneiss are given
in table 6. The most common rock of the unit is a small- to very-fine-
grained biotite-quartz-plagioclase gneiss with secondary amounts of
sillimanite, garnet and graphite (table 6, P1;62). Quartz commonly
makes up 20 to 50 percent of the rock, plagioclase 5 to 4O percent and
biotite S5 to 20 percent. In most rocks sillimanite and garnet are iesé
than 5 percent, although sillimanite is commonly sericitized, and in some
rocks may have been more abundant originally. Garnet also may be abundant
locally. Some rocks contain kyanite, either with or without associated
sillimanite, and it also may be abundant locally (table 6, D3-90). Many
rocks contain some muscovite, but in most it is gradational into sericite
and is a secondary mineral. In some rocks, however, muscovite may be
a primary metamorphic mineral; in P1-62 muscovite forms coarse plates
which do not appear to be secondary. The blastomylonitic gneiss contains.
abundant sericite-muscovite after plagioclase, sillimanite and garmet,
and chlorite after biotite and garnet (table 6, P1-10T). In the most
strongly altered rocks sericite may constitute as much as TS5 percent of

the rock. Limonite is also a common secondary mineral, and is the cause
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of the rusty stain.

The fabric of the rocks shows considerable variation probably because
of the varying degrees of cataclasis. In the least cataclastic rocks
quartz and feldspar have an average grain size of 0.3 to 0.5 mm, although
megacrysts of plagioclase as much as 10 mm diameter are common. Even
these rocks, however, commonly show discontinuous streaks of granulated
quartz and feldspar, and granulation around the coarse plagioclase grains.
Plagioclase composition is An 30 to 35 in the least altered rocks, and more
sodic in rocks in which it is altered. The fine to small quartz grainms
commonly show undulose extinction and moderately sutured boundaries. In
the mylonite gneisses and blastomylonites quartz may be strongly sutured.
Garnet may be in fresh, euhedral grains, or may be completely pseudomorphed
by sericite, chlorite and biotite. Biotite i; commonly light brown (5YR)
or locally moderate ;eddish brown (1OR), and commonly contains rutile
needles.

Garnet-biotite gneiss (tb on pl. 2, 4, and.6): The rusty weathering

gneiss grades upward into a nonrusty dark-gray to medium-dark-gray, small-
grained biotite gneiss which typically contains fairly abundant garnet.
The gneiss is commonly weakly layered and massive. Foliation of the non-
cataclastic varities is primarily a biotite schistosity. Mortar gneiss,
mylonite gneiss and locally mylonite are common within the unit, and the
cataclastic rocks commonly show a moderate to strong lamination produced
by stringing out of the constituent minerals during granulation. Plagio-
clase megacrysts are common in the rocks. Characteristic of the unit,
however, are megacrysts of a pale-pink;»clear orthoclase which may be

an inch or more in diameter. The orthoclase has not been observed in any

of the other rock types of the area, except locally in the rusty weathering



gneiss and the sillimanite gneiss near the contact with the garnet-biotite
gneisé. The garnet-biotite gneiss is e&uivalent to Snyder's (1961) biotite
gneiss phase in the Norwich quadrangle, but as a stratgraphic unit rather
than strictly a lithologic unit, it includes some of his sillimanite-pinite
schist phase.

Modal analyses of the biotite-garnet gneiss are given in table 6. The
most common rocks of the unit are a garnet-biotite-plagioclase-quartz gneiss
(table 6, P1-81, D2-353 and D2-413) and biotite-plagioclase-quartz gneiss
(table 6, P1-45 and P1-98) with or without potassium feldspar. Quartz
is commonly more abundant than plagioclase, although locally the rock
may be quartz poor (table 6, P1-135). The amount of quartz in most rocks
ranges from 20 to 60 percent and is commonly about 4O percent; plagioclase
ranges from 5 to 45 percent and is commonly about 30 percent; and biotite
ranges from 5 to 30 percent and is commonl& about 15 percent. About half
of the samples examined contain 5 to 30 percent potassium feldspar, and
over half of them contain 5Bto 30 percent garnet. Sillimanite may con-
stitute as much as 10 percent of the same rocks; it occurs as a rule in
rocks which contain both garnet and potassium feldspar (table 6, P1-81 and
D2-353). Fresh, unaltered rocks contain minor or, more commonly, no
muscovite. Minor amounts of kyanite, of hornblende, or of hypersthene
(table 6, P1-98) are present locally. Accessory minerals in the garnet-
biotite gneiss include opaque minerals, rutile, apatite, zircon and rarely
epidote.

Lenses of calc-silicate gneiss, pyroxene gneiss, hornblende gneiss,
and amphibolite are interlayered with ;he biotite gneiss. The calc-
silicate gneisses are in general similar to the larger lenses of calc-

silicate gneiss in the lower member which are described later. The



pyroxene gneiss is a medium-gray, small-grained rock consisting of
varying amounts of diopside, plagioclase; biotite, quartz and locally -
scapolite and epidote, and may contain minor hornblende. These rocks
are probably equivalent to the mafic calc-silicate rock of the Norwich
quadrangle (Snyder, 1961). Examples of the pyroxene gneiss can be seen on
the top of Tatnic Hill in the Danielson quadrangle (D-6.5N; 26.3W).
Lenses of hornblende gneiss were observed at only two, widely separated
localities, and were not studied in thin section. The rock is an unlayered,
massive, medium-dark-gray, medium-grained biotite~-hornblende-quartz-
plagioclase gneiss. Other lenses within the unit are quartz-garnet
granulite or biotite-garnet gneiss containing more than 50 percent garnet,
Noncataclastic varieties of the garnet-biotite gneiss are commonly
small-grained, granular rocks. The minerals héve an average grain size of
about 0.5 mm, and have smooth, angular boundaries. Most rocks, however,
show at least minor granuiation around the edges of the'doarse'feldspar
grains and small, discontinuous streaks of granulated quartz, feldspar
and biotite. Examples typical of the textures of the noncataclastic gneiss,
mortar gneiss and mylonite are shown in plates 9, 10, and 11. Quartz
grains vary from small grained and angular to very fine grained and
angular or sutured and in some ctatclastic rocks quartz grains may be
elongated. Undulose extinction is common in fine- to small-grained
quartz. Feldspar grains are both as average size grains and as coarse
megacrysts. Plagioclase composition is commonly from An 30 to An 4O, but
in some cataclastic rocks plagioclase may be zoned with a more sodic outer
zone, Potassium feldspar in most rocks shows microcline twinning, but in
some it is untwinned. The coarse pale-pink megacrysts common in the

garnet-biotite gneiss are not twinned, and are apparently orthoclase.
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They commonly contain very-fine bleb-shaped inclusions of an unidentified
mineral which may be quartz, or could bé exsolved plagioclase; some also
contain inclusions of sillimanite. Garnet is moderate-red megascopically
and colorless microscopically. It is commonly euhedral and about 0.5 mm
in diameter, but locally is coarse. Rocks which have been altered
commonly contain black spots which represent garnet altered to chlorite
and biotite., Sillimanite is commonly in fresh, individual, prismatic
grains rather than the sericitized clots of needles typical of the
overlying sillimanite gneiss unit. The Z direction of biotite is

dark yellow brown (10YR), moderate brown (5YR), or less commonly olive
brown (5Y). Secondary minerals include sericite after plagioclase,
sillimanite and garnet, chlorite after biotite and garnmet and minor
epidote and calcite after plagioclase. Alterétion is commonly minor
except in some moderate to strongly cataclastic rocks.

Sillimanite gneiss (ts on pl. 2, &, 5, and 6):- The bulk of the lower

member of the Tatnic Hill Formation is a medium-dark-gray, small-grained,
interlayered sillimamitic mica~oligoclase~quartz gneiss and nonsillimanitic
gneiss. The characteristic rock of the unit weathers to a dark-greenish-
gray, and the weathered surface shows light- to dark-greenish-gray clots
or thin lenses of sericite after sillimanite. The clots are commonly
about 1/4 inch wide and as much as an inch long; the lenses are 0.1

inch or less in thickness and several inches in lateral extent. In both
the outlines of matted sillimanite needles can be seen. Some rocks are
slightly to moderately rusty weathering, but most of them are nonrusty.
Small, red garmet grains also commonly—étand out on the weathered surface.
The rocks are commonly lgyered. A smalliscale banding consists of

alternating sillimanite-sericite rich and sillimanite poor layers,
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commonly less than an inch thick. On a larger scale layers are 1 to 2-
feet in thickness and consist of alternating sillimanitic gneiss (whichA
shows the small scale layering) and nonsillimanitic gneiss. Boundaries
between layers, both large and small scale, are sharp and only rarely
suggest gradation. A schistosity formed by planar orientation of the
mica flakes and of flattened quartz and feldspar lenses is commonly
parallel to the layering. The sillimanite gneiss unit is equivalent to
Snyder's (1961) sillimanite-pinite schist phase, but would also include
some of his biotite gneiss and biotite-muscovite schist phases.

Modal analyses of the sillimanite gneiss unit are given in table T.
The common rock of the unit is a muscovite-biotite-plagioclase-quartz
gneiss with or without sillimanite and garnet, and locally with potassium
feldspar. The amount of quartz ranges from éS to 60 percent and is
commonly about 45 percent; ﬁlagioclase ranges from 10 to 4O percent
and ié commonly about 25 percent; biotite ranges from 5 to 30 percent
and is commonly about 15 percent; and muscovite ranges from O to 20 percent
and is commonly less than 10 percent. Sillimanite and garnet each are
less than 5 percent in most rocks, but either one may be as much as 20
percent; sillimanite is sericitized to varying degrees, and was more
abundant in some rocks prior to alteration. Kyanite may occur locally
in minor amounts (table 7, P1-49). Potassium feldspar is more common
in the rocks on the eastern side of the unit, and where present is commonly
less than 10 percent (table T, ST-45, ST-145), though may constitute as much
as 30 percent of the rock. Accegsory minerals include opaque minerals,
zircon, apatite, monazite, and locally”tourmaline.. Epidote also occurs
in accessory amounts in some rocks, but in most it is apparently secondary

after plagioclase.



The rocks of the sillimanite gneiss are commonly small grained and
granular. In the noncataclastic varieties grains have an average size of
0.5 to 1 mm, and have smooth, angular boundaries, In many of the rocks
quartz shows moderately strong undulose extinction and weak to moderate
suturing of grain boundaries. Streaks of granulated quartz, biotite
and plagioclase are common in many rocks, and locally the rocks are mortar
gneiss to mylonite (pl. 10 fig. 3 and L4). .Cataclastic deformation in the
rocks is not as common as in the garnet-biotite gneiss unit, and
decreases in abundance and intensity to the west. Plagioclase is
commonly in smoothly bounded grains of average size as well as in coarse
grains several millimeters in diameter. The composition of the plagioclase
ranges from An 25 to An 35. 1In some rocks plagioclase is strongly
sericitized, and much of the epidote of the r&cks is probably secondary
after plagioclase. Potassium feldspa; is commonly microcline; it may
-6;cur either as smafl, irregular grains, or locally as coarse megécrysts.
Fresh sillimanite is commonly in fine needles, but in many rocks sillimanite
is strongly altered and occurs within clots and lenses of sericite.
Moderate-red garnet is most commonly in small grains a millimeter or less
in diameter; in a few rocks the garnet is in elongate grains several
millimeters long. Garnet is commonly fresh but ﬁay be partially altered
to chlorite, sericite and biotite. Biotite is in small flakes 0.5 to 1 mm
long in most of the rocks, but may be granulated to finé or very fine
grained in the cataclastic rocks. The biotite of the sillimanite gneiss
shows a greater variation in color than that of any other unit. In about
half the samples studied, the Z direction is some shade of brown (5YR) or
yellow brown (10YR) and in the other half a shade of olive brown (5Y).

The biotite color is consistent within most thin sections, but in some it

N
N\



varies from brown to olive brown within the sample. Biotite commonly
shows at least minor alteration to chlorite, but the color differences

do not appear to relate to the alteration. Muscovite is a primary
metamorphic mineral in some rocks and a secondary mineral in others,

and both in many. In many of the rocks some muscovite has irregular
boundaries that fade out into sericite, and it probably is recrystallized
sericite., Sericite and chlorite are present in most rocks in amounts less
than 5 percent each, but in strongly altered rocks sericite may make up

as much as 50 percent and chlorite as much as 20 percent of the rock.

Biotite-muscovite gneiss (tbm on pl. 4, 5, and 6): A lens of non-

rusty dark-gray, small-grained muscovite-biotite-plagioclase~-quartz
gneiss and schist occurs at the top of the lower member in the Scotland
quadrangle and southward into the Norwich quaérangle, where the unit is
eqpivalent to the eastern belt of the biotfte-muscpvite schist phase
.~(Snyder, 19615. The unit appareﬁtly lenses out.in the Plainfield
quadrangle. Foliation is primarily a schistosity formed by planar
arrangement of mica plates, and is parallel to a weak compositional
layering with mica rich layers altermating with mica poor layers.
Megacrysts of plagioclase, and close to pegmatites, of potassium feldspar
are common in the rocks, but are more abundant in the upper part of the
unit than in the lower part. Cataclastic rocks are rare in the biotite-
muscovite gneiss, although many rocks show small, discontinuous streaks
of granulated minerals.

Modal analyses of the biotite-muscovite gneiss are given in table 7.
The common rock of the unit is a muscoéite-biotite-plagioclase-quartz
gneiss, which may contain minor garmet, and locally potassium feldspar.

In general the rocks are similar to those of the sillimanite gneiss unit



except that layers of sillimanitic or sericitic gneiss arxe rare. The
proportions of the major constituent minerals are about the same as in
the sillimanite gneiss, although muscovite is commonly slightly more
abundant. Garnet is less common than in the sillimanite gneiss, and
where present is rarely more than 2 percent of the rock. Rare lenses
contain no muscovite, and even rarer lenses contain no biotite and 50
percent muscovite.

The texture and characteristics of the minerals in the lower part of
the biotite-muscovite gneiss unit are also similar to those of the
sillimanite gneiss. In the upper part the rocks are commonly more
schistose, and coarse plagioclase grains, as much as a centimeter in
diameter are more common. The micas are commonly in coarse plates
2 or 3 mm in diameter. The schist in general resembles the schist in
the Yantic Memger of . the Tatnic Hill Formation.

Calc-silicate gneiss (tc on pl. 2 and h): Lenses of calc-silicate

gneiss occur throughout the lower member of the Tatnic Hill Formation,
but most commonly are in the lower part of the unit., Most of them are
less than 5 feet thick and could not be traced beyond a given outcrop.
The largest has a maximum apparent thickness of about 300 feet and could
be traced along strike for about 4 ﬁiles in the Plainfield quadrangle
(pl. 4). A smaller lens in the central part of the Danielson éuadrangle
is less than 100 feet thick and is cut off by faults on both ends. The
calc-silicate gneiss is well layered, with layers a few inches thick,
and shows strong internal folding. The rocks are'siﬁilar in appearance
and in general mineralogy to those of tge Fly Pond Member.

The modal analysis of a sample of the calc-silicate gneiss is

given in table 8 with the calc-silicate rocks of the Fly Pond Member.



The rock most commonly is a medium-light-gray to medium-gray, fine- to
small-grained biotite-quartz-hornblende-plagioclase gneiss. Plagioclase
is 25 to 4O percent of most rocks, hormblende is 20 to 40 percent, quartz
is 10 to 30 percent, and biotite is .10 to 20 percent. Minor diopside,
epidote, garnet, calcite and scapolite may be present, commonly in amounts
less than 5 percent, in any rock. In general diopside and epidote are
less common and less abundant than in the Fly Pond Member, and garnet,
calcite and scapolite are more common though where present they are
commonly in accessory amounts. Other accessory minerals include opaque
minerals, sphene, apatite, zircon and locally allanite and rutile.

The noncataclastic calc-silicate gneiss is a fairly uniform, granular
rock with an average grain size of about 0.5 mm. The grains commonly have
smooth boundaries and quartz grains are weaklf sutured or nonsutured.

Most samples, however, show at least small streaks of granulated minerals,
and many show fairly stfong cataclasis. In these plagioclase has ragged
boundaries, may be bent, fractured, myrmekitic, or sharply zoned., Horn-
blende'also has ragged boundaries, and quartz is moderately sutured.
Epidote and scapolite are most common in the cataclastic rocks, and
probably formed from plagioclase and hormblende. Plagioclase composition
is commonly An 40 to An 50. Pleochroism of biotite is from almost
colorless to dark yellowish orange (10YR) or light brown (5YR). The

Y and Z directions of hornblende are commonly dusky yellow green (5GY)
though in many rocks hormblende may be p;rtially bleached to a pale green,
or altered to pale-green actinolite.

Amphibolite.-~Lenses of amphibolite occur throughout the lower
member, but are most abundant near the base of the unit. They vary

in size from small pods less than a foot in diameter to several feet
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thick and tens of feet long. None could be traced with any certainty
beyond an individual outcrop, and they are not shown separately on the
geologic maps. The amphibolites are locally massive and unlayered, but
more commonly they are layered. Thin, light bands of feldspathic gneiss,
a few millimeters thick alternmate with thicker bands of dark, mafic rich
gneiss. Biotite flakes and hornblende prisms are commonly oriented in a
plane parallel to the layering.

The amphibolites are dark-gray, fine~ to medium-grained quartz-
biotite~plagioclase~hornblende gneiss. Hornblende and plagioclase
constitute about T5 percent of most amphibolites, and quartz and biotite
may be as much as 10 percent each. Epidote is a common minor mineral,
and may be abundant locally. Minor scapolite is also present locally.
Accessory minerals include sphene, opaque minérals, rutile, zircon and
aﬁatite. Plagioclase is commonly An 45 to An 55. Pleochroism of the
:hornblendé'is Y, érayish green (10GY) and 2, dusky yellow green (5GY).
Biotite is commonly light brown (S5YR) to moderate yellowish brown (10YR).

| Fly Pond Member

The Fly Pond Member of the Tatnic Hill Férmation was named by Snyder
(1961) as a member of the Putnam éneiss of the Norwich quadrangle. It
is a unit of~ca1c-silicate gneiss between the lower member and the Yantic
Member. The calc-silicate rock is nonresistant to erosion and is poorly
exposed except where the rocks are cut by pegmatite, which is abundant in
the Fly Pond Member, and most exposures of the unit are beneath or
interleaved with pegmatite. The contact with the underlying gneisses
of the lower member of the Tatnic Hill'is not exposed in the Plainfield-
Danielson area. In the southwest corner of the Danielson quadrangle

exposures of the Fly Pond and the lower member are separated by only about



20 feet of till, and the contact is apparently sharp. The Fly Pond has
a maxiumum apparent thickness of about 600 feet throughout most of the
area but in the northern part of the Danielson quadrangle it thins to
about 125 feet. The rocks of the Fly Pond Member are in the sillimanite
grade of metamorphism, and only locally are cata;lastic.

The Fly Pond Member consists of a nonrusty, light-medium-gray to
medium-gray, small-grained gneiss with varying amounts of biotite, epidote,
diopside, hornblende, quartz and plagioclase. The rocks are well layered
in layers that are commonly a few inches thick, and the boundary between
layers is sharp. The difference between layers is a difference in the
proportion of mafic to felsic minerals in the layers. A fine scale
lamination also occurs within layers, and is produced by thin (commonly
less than 0.1 inch) quartz-feldspar rich lamiﬁae separated by thicker
zones rich in mafic minerals. Biotite plates and hornblende laths are
fjcommonly qriented in a plane parallel to thenlaﬁering and the lamination.
Snyder (1961, 196ha'and b) mapped a zone of marble within the Fly Pond
Member of the Norwich, Fitchville and Willimantic quadrangles. No marble
was obéerved in the Plainfield-Danielson area, but possibly unexposed
marble underlies some of the larger valleys, such as the valley of Kitt
Brook along the border of the Plainfield and Scotland quadrangles. The
calc-silicate gneisses show little change on weathering except that biotite
is bleached to a golden brown, and locally the rocks are slightly rusty.

Modal analyses of the Fly Pond Member are given in table 8. The
rocks of the unit are epidote-hormnblende-quartz~plagioclase gneisses with
or without either or both biotite and diopside and commonly with minor
potassium feldspar. Quartz and plagioclase are about equal in amount in

most rocks; they range from 15 to 50 percent of the rock, and are commonly
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about 30 percent each. Hornblende constitutes 10 to 40 percent of the
rock and is commonly about 25 percent. Either biotite or diopside may be
present in amounts up to 15 percent, but in most rocks are less than 5
percent. Epidote may be as much as 20 percent of the rocks, but is

also about 5 percent in most rocks. Potassium feldspar rarely makes up
more than 5 percent of the rock, and is commonly less than 1 percent;

it is most abundant and in largest grains adjacent to pegmatites. Local
layers are epidote-biotite-quartz-plagioclase gneiss with minor or no
hornblende, but these are rare. Accessory minerals include sphene,
apatite, opaque minerals, rutile, zircon and allanite.

The rocks of the Fly Pond Member most commonly are granular gneisses
with an average graih size of 0.5 to 1 mm. As a rule quartz and
plagioclase are slightly coarser grained than‘the mafic minerals. Most
grains have smooth, angular to slightly rounded boundaries. Quartz is
only locally weakly sggured; in most rocks. it is not sutured."fhe
compositién of the plagioclase ranges from An 40 to An 55. Plagioclase
grains are commonly irregularly zoned, and may show a variation of 10
or 15 percent An within a single rock. Epidote is commonly associated
with plagioclase, and some epidote occurs as oriented inclusioms in
the plagioclase. The strongest zoning is around the epidote, and
probably the epidote is replacing plagioclase. The epidote commonly
has a low birefringence, anomalous interference colors and a high
negative optic angle; it apparently is a high alumina variety. Much
epidote contains very fine, vermicular inclusions of a low index, low
birefringent mineral (quartz?). Hornblende is megascopically a dark
greenish gray, in contrast to the black hornblende of the Quinebaug

Formation. In thin section, both the Y and Z directions are commonly



dusky yellow green (5GY), though in some rocks Z is a grayish blue green
(5BG). A pale green actinolite that may constitute as much as 5 percent
of the rock, commonly occurs adjacent to or around the hornblende, and is
probably a replacement of hormblende. Diopside is yellow green
megascopically and colorless in thin section. The pleochroism of biotite
is from almost colorless to yellow brown (10YR). The rocks of the Fly
Pond Member are commonly fresh, and only locally contain chlorite after
biotite and hornblende or sericite after plagioclase.
Yantic Member

The top of the Tatnic Hill Formation is marked by a micaceous schist
called the Yantic Member. In the Plainfield-Danielson area, the Yantic
Member is equivalent to Snyder's (1961) western unit of biotite-muscovite
schist of the Putnam Gneiss in the Norwich quadrangle. Snyder used
the name Yantic informally to distinguish these rocks from rocks of
similar composition béi&w the Fly Pond Member, and assigned the name
for exposures near the village of Yantic near the western edge of the
Norwich quadrangle. When the Putnam Gneiss was redefined, (bixon, 1964 )
the name Yantic was retained because of common usage, and the unit was
defined on the basis of a series of cliff exposures west of Tatnic Hill,
along the border between the Danielson and Hampton quadrangle. In addition
to the main belt of the member through the central part of the area, the
unit also occurs on the western edge of the Hampton quadrangle, where it
forms the eastern side of the Willimantic dome.

The rocks of the Yantic Member are fairly resistant to erosion and
commonly form a highland. The contact with the underlying Fly Pond
Member is exposed in several places near the base of hills held up by

the more resistant Yantic Member, although in most places there is



pegmatite along the contact. The contact is sharp and apparently
conformable. Lenses of amphibolite are common in the Yantic Member,
just above the lower contact. In the Plainfield-Danielson area the
Yantic Member has a rather uniform thickness of about 1,000 feet, and
does not appear to thin to the north as does the rest of the Tatnic Hill
Formation.

The rock of the Yantic Member is typically a nonrusty, small-grained,
dark-gray micaceous schist with coarse mica plates. Interlayered with
the mica schist is a granular schist of about the same composition,
although commonly with less abundant muscovite, and with small-grained
micas. The rock commonly contains megacrysts of plagioclase as much
as 1.5 inches in diameter; microcline megacrysts are also prominent near
pegmatites. Local lenses, slight rusty weathefing, of aluminum-silicate
schist are interlayered with the Yantic Member; on the west side of the
unit these contain staurolite or; less commonly kyanite, and on the east
side they contain sillimanite. The lenses are small, and most of them
cannot be traced beyond a given outcrop. The amphibolite lenses near
the base of the unit are also small, rarely more than 10 feet thick.
Pegmatites are common throughout the member, but are especially abundant
near the contact with the Fly Pond. It is rare to find an outcrop of the
Yantic without some pegmatite in it, and locally the schist has been
converted to migmatite. Foliation in the Yantic Member is mainly a
schistosity formed by orientation of the mica flakes. The rocks are
layered, both on a large scale of several inches to a foot of alternmating
cbarse schist and granular schist, and on a small scale of lamination of
less than an inch thick within the thickef layers. The layering is

commonly parallel to the schistosity and the boundaries between layers,
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and between the small scale laminations are sharp. Minor cataclastic
deformation is fairly common in the rocks; many of them are mortar
gneisses, and locally they are well-laminated mylonites.
Modal analyses of several samples of the Yantic Member are given
in table 9. The common rock of the unit is a muscovite-biotite~
plagioclase-quartz schist. Quartz is generally slightly more abundant
than plagioclase, and biotite is more abundant than muscovite. Quartz
constitutes 30 to 55 percent of most rock, and is commonly about 40 percent;
plagioclase is 15 to 50 percent and commonly about 35 percent; and biotite
is 5 to 25 percent and commonly about 15 percent. In the coarse mica
schist muscovite constitutes 10 to 20 percent of the rock (table 9, 9
$8-90; 88-190) and in the granular schist it is O to 5 percent (table 3,
ST-68; ST-89). Potassium feldspar, commonly és microcline, occurs
locally adjacent to pegmatites, and may form coarse grains. Garnet
may make up 1 or 2 percent of the schist, and féée lenses may contain
as much as 50 percent garnet. Accessory minerals in the Yantic member
include epidote, apatite, opaque minerals, zircon and locally tourmaline.
The lenses of aluminum-~-silicate schist in the Yantic Member are in
general compositionally similar to the rest of the unit except for the
presence of staurolite, kyanite (table 9, S1-146) or sillimanite (table 9,
S$7-91). 1In addition muscovite is commonly more abundant than biotite, and
plégioclase is less abundant than in the rest of the unit. These schists
are more susceptible to retrogression than the other schist of the Yantic,
and sericite after the aluminum-silicate minerals, especially sillimanite,
and plagioclase, may constitute 25 peréent of the rock. Biotite also may
be strongly chloritized. The Yantic Member along the western edge of the

Hampton quadrangle commonly contains minor, fresh sillimanite evenly



distributed in the rock.

The amphibolite near the base of the Yantic Member is a layered to
massive, dark-gray, small- to medium-grained rock composed of 50 to TO
percent hornblende, 20 to 35 percent plagioclase, 5 to 10 percent quartz
and O to 5 percent biotite (table 9, S7-57). Epidote is a common accessory
mineral and locally may be a major one. Other accessory minerals include
sphene, rutile, opaque minerals, apatite and zircon. Most of the
amphibolite is layered, with thin (0.1 inch or less), white stripes of
plagioclase between thicker (about 1 inch) hornblende rich bands.

The noncataclastic schists of the Yantic Member contain granular,
even grains of quartz and plagioclase with an average size of about 0.5 mm.
Quartz grains show minor undulose extincéi;n and are not sutured. The
composition of the plagioclase is commonly An'25 to An 35. In rocks
which contain microcline, a minor amount of myrmekite is developed
adjacenﬁ'éo it. In the coarse schists the micas are as much ‘as 5 mm long,
and in the granular schists they are commonly about 0.5 m long. The color
of the biotite is somewhat variable; in over half the samples Z is yellow
brown (10YR), but olive (10Y) and olive brown (5Y) are also common. Garnet,
where present, is commonly in sparse grains less than 0.5 mm diameter. In
the local garnet rich lenses, however, it may form poikiloblastic grains
an inch or more in diameter. The rocks are commonly fresh and show only
minor alteration of plagioclase to sericite or of biotite to chlorite.

Some of the accessory epidote may be a replacement of plagioclase, The
amphibolites are commonly granular rocks with an average grain size of 0.5
to 1 mm. The composition of the plagioclase is An 40 to An 60; the lower
An content is more common. The color of the biotite shows the same

variation as it does in the schists. The hornblendes commonly are Y,



dusky yellow green (5Y) and 2, grayish blue green (5G).

Many of the rocks of the Yantic Member are somewhat cataclastic,
and throughout the unit mortar schists are interlayered with noncataclastic
schists. 1In these rocks streaks of fine- to very-fine-grained, granulated
quartz, plagioclase and biotite separate layers of small grained minerals
(table 9, S8-90, ST-68). Quartz grains are commonly weakly to moderately
sutured, Mylonite, or blastomylonite, was observed only at two localities.
West of Wolf Den Brook in the northern part of the Danielson quadrangle
(D-33.9N; 26.5W) the Yantic Member is in fault contact with the Hebron
Formation. Progressive cataclasis of the rocks can be observed from
about 5 feet away inward toward the fault, and within a few inches of the
fault the rock is a blastomylonite. The rock contgins small-grained,
sericitized plagioclase in a matrix of very-fine-grained chlorite and
indistinguishable quartz and feldspar. Blastomylonite also occurs in
the southern part of the area on the east bank of .the Shetucket River
(8~1.5N; 23.TW), although no fault was observed here. The rocks consist
of streaks of fine-grained sericite as much as 5 mm wide, and containing
minor brown biotite, chlorite, opaque minerals and very-fine-grained
quartz. The streaks separate bands of sutured quartz, plagioclase and
biotite, which are granulated but less altered.

Age and correlation of the Tatnic Hill Formation

Within the Plainfield-Danielson area the only age that can be
established for the Tatnic Hill Formation is a relative‘one; it is
younger than the Quinebaug Formation and older than the Hebron Formation.
The unit is correlated with the Brimfield Formation of the western and
central parts of eastern Connecticut (pl. 1). Brimfield is tentatively

dated as middle Ordovician by cofrela;ion with the Partridge Formation



of New Hampshire (Cady, 1960; Billings, 1956; Harwood, 1967). The Tatnic
Hill Formation is, therefore, tentatively dated as middle Ordovician.

The Tatnic Hill Formation traces from the type area south to the
Honey Hill fault, and then southwest as a narrow belt above the fault,
into the east limb of the Chester syncline and its continuation, the
Hunts Brook syncline (Snyder, 1964a; Lundgren, 1963, 1964, 1966a, 196T;
Goldsmith, 1961; see also pl. 1). Brimfield Schist traces from the northern
part of eastern Connecticut into the west limb of the Chester-Hunts Brook
syncline. The Brimfield of northern Commnecticut, and of Massachusetts
has, at least in part, been mapped by Robinson (1967) and Peper (1967)
as Partridge Formation, and traced into Partridge Formation in New Hampshire.
The middle Ordovician age of the Partridge Formation is based in part on
its position above the middle Ordovician Ammoﬁoosuc Volcanics and uncon=-
formably beneath fossil bearing lower Silurian Clough Formation (Billings,
1956; Cady, 1960) and more recently by correlation with middle Ordovician
fossil bearing slates in western Maine (Harwood, 1967).

The units of the Tatnic Hill Formation have been followed by
reconnaissance northward into Massachusetts where they are continuous
with several different units on Em;rson's (1917) map. The lower member
traces into a zone of Emerson's '"gneisses and schists of undetermined age',
and a lens of Brimfield Schist. The Fly Pond Member within the Connecticut
overlap of his map is also shown as Brimfield Schist which lenses out just
south of the state line, and in southern Massachusetts the Fly Pond is
part of the 'gneisses and schists of undetermined age'. The Yantic Member
is included in this same unit in Comnecticut, but just north of the state
line it traces into a belt of Worcester Phyllite; this ome belt of

Worcester through the west side of the village of Webster is probably



the only one on Emerson's map which is equivalent to part of the Tatnic
Hill Formation.

Zartman and others (1965) report a discordant uranium-thorium-lead
isotopic analysis of a zircon from a pegmatite that cuts, or occurs inm,
the Fly Pond Member of the Tatnic Hill Formation in the Norwich quadrangle.
They state (1965, p. D5) "....both episodic and continuous diffusion
models indicate an age of greater than 500 million years (middle
Ordovician or older) as does the Pb297 /pb29 age by itself, for this single
zircon". The assignment of an age of middle Ordovician or older for a

number ''greater than t00 m.y."

is hard to understand, however, as by
either the Holmes (1960) or Kulp (1961) time scale (which put the
Ordovician-Cambrian boundary at 500 m.y.) this would have’to indicate
a Cambrian age for the pegmatite, and Cambrian or older age for the Fly
Pond Member, since the pegmatite is prgsumébl? younger than the rock in
which it occurs. This one discordant isotopic analysis, however, would
not seem to be sufficient evidence on which to base any firm age
assignment, and until more information is available, regional correlation
still offers the best indication of the age of the Tatnic Hill Formation.
Origin and chemical composition

The Tatnic Hill Formation consists of a metamorphosed pile. of
eugeosynclinal sedimentary rocks. The protolith for the graphite bearing
rusty weathering gneiss at the base of the unit was probably a carbonaceous
black shape. The rest of the lower member consisted primarily of inter-
layered graywackes, shales and siltstones, with subsidiary calcareous
shales. The amphibolites in the lower part of the unit may have been

dolomitic sediments or may have been mafic volcanic rocks. The rocks

of the Fly Pond Member represent a stage of deposition of calcareous shale
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and locally limestone. The rocks of the Yantic Member were predominantly
shales, which were locally aluminous.

Chemical analyses of several samples of the Tatnic Hill Formation are
given in table 20 (analyses 1 to T, 12 and £3). The analyses are generally
comparable to analyses of graywackes and shales listed by Pettijohn (1963,
table 6; 1957, table 51). According to Pettijohn (1963, p. ST) typical
graywackes should have an excess of NagO over K0, whereas the reverse
is true in most of the analyses in table 20. Some K30 may have been
introduced during metamorphism, or possibly the original sediments contained
a higher proportion of shaley material than many graywackes.

The chemical analyses were recalculated into mesonorms using the
methods and standard formulae of Barth (1959) though with some variation
depending on the mineral composition of the rgck. For rocks which
contain primary metamorphic muscovite, excess K (after computing bioti;e)
waélcalculated as muscovite; in sample ST-45 and the calc-silicate.rocﬁs in’
which any muscovite present is retrogressive, excess K was calculated as
orthoclase which is present in the rocks. For the calc-silicate gneisses
an alumina bearing hornblende was calculated rather than the alumina-free
actinolite, as this gave a better correlation with the modal analyses.

In general the mesonorms correspond fairly closely with the rock modes.

As a rule in samples which contain less than 5 percent C, the excess Al

is accommodated in garnet and probably as excess Al in the micas. Those
rocks in which C is 5 percent or greater contain sillimanite. The Wo in
the mesonorm of ST-TT7 is probably a reflection of the epidote in the rock.

A plot of the A:C:F: ratios of the analysed metasedimentary rocks
of the Plainfield-Danielson area, is given in figure 5. Also included in

the diagram are analyses from the Norwich and Fitchville quadrangle



(Snyder, 1964a) and the Deep River and Essex quadrangles (Lundgren, 1966b).

The A:C:F: ratios were computer calculated by the following formulae:

A = A1,05 + Fes03 - (NagO + K20); € = Ca0 - (3Pg0s + COz); F = MgO + FeO + MnO.
The micaceous schists and gneisses of the Tatnic Hill Formation are

generally limited by the line 20 C: 80 A-.F, and the ratios for the

Brimfield Schist fall within the same field. The ratios for the Fly

Pond Member fall within the boundary of 30 - 45 C: TO - 55 A-F.
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Figure 5.--Triangular diagram showing A:C:F: ratios of the analysed
metasedimentary rocks of eastern Connecticut, where - .
A = Al505 + Fes0s - (Nas0 + Kz0); C = Cal = (3P205 + COz);
F = MgO = FeO = MnO in molecular proportioms.
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Lower member of the Tatnic Hill Formation:

Rusty weathering gneiss unit (tr)

P1-107 (P-26.3N; 28.1W): Grayish-red, grayish-orange and medium-light-
gray, fine-grained feldspar-muscovite-sericite quartz gneiss. Color
is due to weathering; fresh rock in a new road cut 100 feet north was
medium-dark gray. Rock resembles a conglomerate but is a blastomylonite
gneiss. Lens shaped clasts about 1/2 inch long comsist of granulated,
strongly sutured quartz and sericitized feldspar. The clasts are
separated by streaks of fine-grained sericite-muscovite, quartz,
feldspar, chlorite and limonite. Rock is crossed by numerous fine
fractures subparallel to the streaks of fine-grained minerals, and
filled with limonite., No sillimanite is left in the thin section,
but sericite pseudomorphous after silliﬁanite occurs on the weathéred
surface, and some sericite of the rock is after sillimanite. The
sample contains black~spots about 0.1 inch in diameter Which?éie
almost completely altered garnet. The grain size averages less than
O.1 mm.

P1-62 (P-4.6N; 31.8W): Grayish-orange, dark-yellowish-orange, and pinkish-
gray; fine- to coarse-grained graphite-sillimanite-garnet-muscovite-
biotite-plagioclase~-quartz gneiss. Color is due to weathering. Rock
is similar to P1-10T7 except that it is not so strongly ﬁeomineralized.
Clots of quartz and feldspar several inches long and about 1/2 inch
thick contain cores of pale-blue feldspar; they are bordered on either
side by fine-grained quartz-mica schist with moderate red garnets /L
inch in diameter. The feldspar cores are coarse, partially seri-
citized plagioclase surrounded by granulated, strongly sutured

quartz and fresh fine-grained feldspar. Limonitic fractures cross
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the sample, and most limonite of the rock is in the fractures.
Biotite is light brown (SYR 4/k). éoarse muscovite flakes are
commonly bent and may show kink bands; biotite is less commonly
bent. Average grain size is about O.1 mm.,

D3-90 (D-0.3N; 25.1W): Grayish-orange, pale-reddish-brown, and medium-
bluish-gray, medium- to coarse-grained sillimanite-plagioclase=-
biotite-garnet-kyanite gneiss. Color is due to weathering. A
thin quartz vein (0.1 mm) accounts for the majority of quartz in
the mode. Medium-bluish-gray-kyanite, minor sillimanite and pale-
red garnet stand out on the weathered surface. Garnet grains contain
abundant inclusions of sillimanite, and less abundant kyanite and
biotite. Biotite is moderate red brown (1OR 4/6), and contains
rutile needles. Grain size is variable;.garnet, kyanite and
plagiOclgse are commonly 0.5 mm or more.

Garnet-biotite gneiss unit (tb)

P1-45 (P-42:8N; 26.2W): Medium-gray, medium- to coarse-grained porphyro-
blastic potassium feldspar-biotite-plagioclase-quartz gneiss. Only
a few very-fine grains of potassium feldspar occur in the thin section,
but the sample contains megacrysts as much as 1/2 inch long of clear,
moderate-orange-pink potassium feldspar. Plagioclase also forms
megacrysts of about the same order or size. Foliation is defined by
planar orientation of most biotite flakes parallel to an irregular
banding of biotite rich bands between quartz and feldspar rich bands.
A few streaks of granulated quartz and feldspar parallel the biotite
orientation,or occur along the edges of the coarse plagioclase grainms.
Quartz grains show undulose extinction and moderate suturing. Biotite

is moderate olive brown (5Y 4/4). Average grain size is 0.7 mm.



P1-98 (P-23.8N; 26.7W): Medium-light-gray, slightly rusty weathering,
fine-grained pyroxene-biotite=~plagioclase-quartz gneiss. Foliation
is defined by orientation of biotite plates and by a weak layering
with quartz and feldspar rich layers 0.1 inch thick altermating with
thicker mafic rich layers. Rock is a mortar gneiss with small
grains of plagioclase, hypersthene and quartz and fine-grained
biotite in a very-fine-grained matrix of strongly sutured quartz,
plagioclase and biotite. The small-grained quartz is moderately
Asutured and shows undulose extinction. Biotite is moderate brown
(5YR 4/4). érain size is variable.

P1-81 (P-15.5N; 28.7W): Dark-gray, medium-grained sillimanite-garnet-
biotite-feldspar-quartz gneiss. Foliation is defined by orientation
of biotite flakes and thin discontinuous1quartz and feldspar rich
streaks., Skeletal grains of garnet as much as 1/4 inch diameter
are.filled with quaréz and biotite inclusions. More commonly the
garnet is subhedral, moderate-red grains 0.05 inch in diameter.
Small garnet, plagioclase and quartz grains are in a very-fine-
grained, granulated matrix of moderately sutured quartz, plagioclase,
and biotite. Euhedral sillimanite and fine-grained, potassium
feldspar occur in biotite rich streaks. Biotite is moderate brown
(SR 3/L4). Grain size is variable.

D2-353 (D-9.0N; 25.5W): Medium-gray, small-grained sillimanite-garnet-
biotite-feldspar-quartz gneiss. Sample is similar to P1-81, except
that it contains a 1 inch megacryst of clear, pale-red potassium
feldspar, probably orthoclase, surrounded by a felsic mantle 0.1 inch
thick, consisting primarily of granulated and strongly sutured quartz

and myrmekitic plagioclase. The orthoclase is not twinned, but contains
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streaks of very-fine blebs of an unidentified mineral, possibly
quartz, and also streaks of fine sillimanite grains. The rest of
the rock contains fine streaks of granulated quartz, plagioclase and
biotite separating small grains of quartz, feldspar and garnet.
Quartz is moderately sutured and the larger grains show undulose
extinction. Biotite is moderate brown (5Y 3/k). The average grain
size is variable, but the nongranulated grains average about 0.5 mm.

D2-413 (D-20.9N; 21.3W): Banded, brownish-gray and very-light-gray,
fine-grained biotite-garnet-quartz-feldspar gneiss. Rock is slightly
rusty weathering. Quartz-feldspar band an inch thick is bordered
on either side by biotite-garmet rich layers. Thin section shows
a few, thin, discontinuous streaks of granulated minerals; most
of the rock is of fairly uniform, granulér minerals. Quartz is
weakly sutured. Biotite is light brown (5YR 5/6). Average grain
size ig 0.4 mm.

P1-135 (P-38.7TN; 23.2W): Dark-gray, fine-grained quartz-biotite-feldspar
mylonite gneiss. Coarse feldspa; grains, as much as 1/2 inch diameter,
are commonly surrounded by a fine shell of granulated feldspar which
extends beyond the core grain as a long, thin layer. Some of the
strung out feldspar grains are twisted and rotated. In thin section
medium to coarse, fresh, fractured and bent feldspar grains are in a
very-fine-grained matrix of quartz, feldspar and biotite; fractures are
filled with very-fine-grained quartz and feldspar. Plagioclase in the
matrix is fresh to strongly sericitized. Fine-grained biotite occurs
in streaks which alternate with biotite poor streaks. Some quartz is
strongly sutured and other is granular. Biotite is moderate brown

(5YR 4/4) and commonly contains rutile needles. Grain size is variable.
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Lower member of the Tatnic Hill Formation:

Sillimanite Gneiss unit (ts)

P1-95 (P-1T.9N; 32.1W): Medium-dark-gray, very-fine-grained garmet-
plagioclase-biotite-quartz mylonite. Rock is thinly laminated,
and contains dull pinkish-gray, rounded or flattened lemses of
plagioclase, less than 0.1 inch, in a very-fine-grained matrix.

Small black spots in the rock are retrogressed garnet. In thin
section the cataclastic foliation is shown by crinkled bands of
§ery-fine-grained, granular quartz, separated by streaks, commonly
very thin, of sericite and biotite. The bands are deflected around
small knots of ungranulated plagioclase, commonly sericitized, or of
garnet. Garnet is partially to completely altered to chlorite,
sericite and garnet. Biotite is moderate olive brown (SH L/L).
Average grain size is less than 0.1 mm. (Pl. 10, fig. 3 and L.)

P1-49 (p-35.8N; 31.OW):A Medium-dark-gray, small-grained muscovite-
biotite-plagioclase-quartz gneiss. Foliation is defined by planar
orientation of the micas, and by quartz and feldspar lemses alternating
with biotite rich lenses, commonly less than 0.1 inch thick. Small-
grained quartz shows undulose extinction and moderate suturing; quartz
in the micacéous streaks is fine to very fine grained. Kyanite and
most sillimanite are surrounded by muscovite. Biotite is ﬁoderate
olive brown (5Y 4/L4). Average grain size is about 0.3 mm.

S7-45 (S-5.1N; 1.5W): Medium-dark-gray, small-grained garnet-sillimanite-
biotite-plagioclase-quartz gneiss. Micas are small and evenly
disseminated through the sample.‘—Foliation is weak and is defined
mainly by a weak biotite orientation. Small quartz grains show
undulose extinction.and moderate suturing. Fine fractures cross

the sample and adjacent to them minerals are granulated and biotite



is dragged parallel to them. Potassium feldspar shows microcline
twinning. Garnet is in elongate moderate red crystals, colorless

in thin section, and contains abundant fine needles of sillimanite.
Sillimanite is mostly in fresh needles as much as 1/4 inch long.
Biotite is olive gray (5Y 3/2). Average grain size is about 0.4 mm.

S7-145 (8-4.8N; 9.1W): Dark-gray, small-grained muscovite-plagioclase-
biotite~-quartz schist. A mica-quartz-feldspar pegmatite, containing
coarse potassium feldspar, and about an inch thick cuts one corner
of the sample. Foliation is defined by planar orientation.of the
micas. In thin section the rock is a mortar gneiss, with streaks
of very-fine-grained granulated quartz and biotite separating
ungranulated grains of quartz and feldspar. About half of the
biotite is granulated and the other half‘is in small grains. The
ungranulated quartz grains show weak suturing. Plagioclase is
partially altered, and the epidote is prgbabiy a Seconda;y minerall‘
after plagioclase. Biotite is grayish brown (5YR 3/2). The
average grain size is variable, and the ungranulated grains average
about 0.4 mm.

ST-40 (5-6.3N; 6.8W): Medium-gray, small-grained sillimanite-biotite-
sericite-plagioclase~quartz gneiss. Foliation is defined by
orientation of biotite flakes and by alternating lenses of quartz
and plagioclase and of biotite and sillimanite-sericite. On the
weathered surface are greenish-gray lenses of sericite with matted
sillimanite needles. In thin section most of the sillimanite is in
lenses with sericite-muscovite and biotite. Most of the muscovite
grades into sericite, and probably is recrystallized from the

sericite; some may be primary metamorphic. No potassium feldspar



was observed in the rock, but some of the plagioclase is myrmekitic.
The myrmekite is adjacent to discontinuous streaks of granulated"
mineral. Quartz is moderately sutured. Biotite is moderate yellow
brown (10YR S/4). Average grain size is about O.4 mm.

Biotite-muscovite Gneiss unit (tbm)

$8-172 (S-5.2N; 9.0W): Medium-gray, small-grained, garnet-muscovite-biotite=
quartz-feldspar gneiss, with coarse plagioclase grains as much as 1/4
inch diameter. Foliation is defined by orientation of coarse mica
plates and by alternating quartz and feldspar rich layers and
micaceous layers. Grains are mostly granular; quartz is weakly
sutured. Biotite is moderate olive brown (5Y 4/4). Average
grain size is about 0.5 mm.

s8-171 (S-5.2N; 8.9W): Medium-dark-gray, smail-grained biotite-plagioclase-
quartz gneiss. Foliation is defined by thin quartz lenses and
feidspar.streaks as much as 1 inch long separated by biotite rich
layers. The thin section shows thin streaks of granulated grains.
Quartz shows strong undulose extinction and fairly strong suturing.
Plagioclase is commonly partially sericitized, Biotite is moderate
olive brown (5Y 4/4). Average grain size is about 0.7 mm.

$8-159 (S-8.4N; 15.8W): Medium-gray, medium-grained muscovite-biotite-
feldspar-quartz gneiss. Foliation is defined by planar orientation
of the mica plates and feldspar laths. Feldspar grains are as much
as 0.2 inch diameter. Grains are granular in shape; plagioclase
grains are commonly somewhat larger than quartz. Quartz shows
moderate undulose extinction, but‘grains are not sutured. Biotite

is moderate olive brown (5Y 4/4). Average grain size is about 0.5 mm.
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Calc-silicate gneisses in the Tatnic Hill Formation:

Fly Pond Member

ST-121 (S-3.4N; 22.5W): Medium-gray, small-grained hornblende-plagioclase-
quartz gneiss. Hornblende is dark greenish gray. Foliation is
defined by parallel arrangement of quartz stringers, plagioclase and
hornblende laths, giving the xrock a fine scala layering. Sample
contains a small quartz-feldspar pegmatite as much as 1/2 inch thick,
which is partly concordant with the foliation and partly cuts it at
a high angle. The rock has a uniform, granular texture, with an
average grain size of about 0.7 mm, although quartz and feldspar
grains are slightly larger than hornblende. Quartz is not sutured.
Plagioclase may be zoﬁed, from about An 45 to An 55. A few fine
grains of allanite occur as inclusions iﬁ hornblende, and are
surrounded by a strong hglo. The minor biotite is moderate yellow
brown (10YR 5/4). The Y and Z directions -of hornblende are dusky
yellow green (5GY 5/2).

H9-14 (H-4.TN; 0.6W): Mbdium-light;gray, small;grained epidote-diopside-
hornblende-plagioclase-quartz gneiss., Foliation is defined by thin
(less than 0.1 inch) quartz and feldspar rich laminae. Diopside
is dusky-yellow green, epidote is grayish-yellow and hornblende
is greenish-black. Quartz and feldspar are granular, have smooth
boundaries and are commonly a little coarsef than hornblende and
diopside. Quartz is not sutured. Epidote is in irregular vermicular
grains commonly associated with plagioclase, and the adjacent
plagioclase is zoned. Biotite is dark yellow orange (1O0YR 6/6).

The Y and Z directions of ho;nblénde are dusky yellow green (5GY

5/2). The average grain size is about 0.8 mm.
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ST-T7 (S-6.9N; 21.2W): Medium-light-gray, small-grained biotite-epidote-
diopside-hornblende-plagioclase-quartz gneiss. The appearance
is similar to H9-1k. Small, sparse biotite flakes are orientated
parallel to lamination, and are bleached to a golden-olive-brown
on the weathered surface. In thin section the rock is also similar
to H9-14k. The potassium feldspar is in small grains of microcline;
a minor amount of myrmekite is adjacent to the microcline. Biotite
is moderate yellow brown (1OYR 5/4). Y and Z of hornblende are
dusky yellow green (5GY 5/2). The average grain size is about
0.6 mm. '

$8-174 (S-17.5N; 3.5W): Light-olive-gray, slightly rusty weathering,
small-grained epidote~biotite-hornblende-plagioclase-quartz gneiss.
Foliation is defined by parallel arrangeﬁent of biotite flakes,
hornblende laths and thin plagioclase rich laminae.. Minor granulaci.
of minerals occurs‘in streakg parailel to the foliation. Quartz
shows strong undulose extinction and weak suturing. Epidote is
similar to that in H9-14 and ST-TT7. Biotite is dark yellow orange
(10YR 6/6). Hormblende is dusky yellow green (5GY 5/2). The
average grain size is about 0.5 mm, but is variable.

Lens in the lower member

P1-52 (31.1N; 27.2W): Medium-light-gray, fine-grained, epidote-biotite-
hornblende-quartz-plagioclase gneiss; minor diopside is visible in
the hand sample, but none was included in the thin section. The
foliation is defined by quartz and feldspar rich laminae about 0.1
inch thick which are parallel to the biotite orientation. Biotite
is bleached to golden dusky yellow on the weathered surface. Quartz

grains are weakly sutured. Sample contains a few, fine grains of

) 7N



untwinned potassium feldspar and minor myrmekite is devloped in the
adjacent plagioclase. Granulated streaks of quartz and plagioclase
are parallel to the foliation. Near the granulated streaks hornblende
is commonly bleached to colorless and partially altered to epidote

and plagioclase is replaced by scapolite. Biotite is dark yellow

orange (1OYR 6/6). Hornblende is dusky yellow green (5GY 5/2).
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Yantic Member:

s8-90 (S-19.8N; 3.TW): Medium-dark-gray, fine-grained muscovite-biotite-
plagioclase~quartz mortar gneiss. Muscovite plates are coarse.
Foliation is defined by planar arrangement of mica plates and by
a crude layering of quartz and feldspar layers and of micaceous
layers. Streaks of granulated quartz, plagioclase and biotite
separate bands of ungranulated minerals; the granulated areas
include about 3/4 of the sample. Most quartz is in very-fine,
granular grains with weak suturing; between the granulated streaks
quartz is small grained and weakly sutured. Most biotite is granulated
to very fine grained, although some small-grained biotite occurs with
the coarse muscovite laminae. Muscovite is bent but is not granulated.
Biotite is dark yellow brown (10YR 4/2).. Grain size is variable.

ST-68 (S-5.4N; 23.5W): Medium-dark-gray, small-grained garnet-biotite-
plagioclase-quartz mortar gneiss. Dark,'fine-gfaiﬁéa, micaceous
laminae as much as 0.1 inch thick separate quartz and feldspar
laminae, and are deflected around coarse plagioclase grains. The
coarse plagioclase may be as much as 1/2 inch diameter. in thin
section the dark laminae consist of very-fine-grained, granulated
quartz, biotite and sericite-muscovite. In the quartz-feldspar
laminae streaks of small- to fine-grained, elongated quartz grains
are separated by very thin streaks of sericite. Biotite is grayish
olive (10Y 5/4). Grain size is variable.

$8-190 (S-45.0N; 1.4LW): Dark-gray, small-grained muscovite-biotite-
plagioclase-quartz schist, with médium-grained micas. Foliation

is primarily a schistosity formed by the mica plates, and by



alternating, thin mica rich and quartz-feldspar rich laminae.

Coarse plagioclase is as much as 1/2 inch long. Quartz and plagio-
clase are even, granular minerals with an average size of about 0.6 mm.
Mica flankes are as much as 3 mm long. Quartz is not sutured.

Biotite is moderate olive brown (5Y 4/L4). This is the typical

schist of the Yantic Member.

S7-89 (8-0.6N; 23.9W): Dark-gray, small-grained muscovite-biotite-
plagioclase-quartz granular schist. Coarse plagioclase grains are
as much as 1/4 inchllong. Quartz and plagioclase are granular;
quartz is commonly finer grained than plagioclase, and is not
sutured., Biotite is light olive brown (S5Y 5/6). Average grain size
is 0.5 mm,

S7T-91 (S-1.1N; 23.8W): Medium-gray, slightly.rusty weathering, small-
grained, plagioclase-garnet-muscovite-biotite~quartz schist. Most
plagioclase is in coarse grains,some-as round grains as much as 1
inch diameter, but more commonly in tapered ovoid shapes. Sericite
streaks, some of which contain a core of fine-grained sillimanite,
separate stringers of quartz, and flow around the feldspar knots
and coarse garnet grains. Quartz shows undulose extinction and is
moderately sutured. Biotite is moderate yellow brown (10YR 5/4).
Grain size is variable.

S1-146 (S-22.3N; 3.6W): Medium-gray, small-grained, slightly rusty-
weathering, garnet~biotite-quartz-staurolite-muscovite schist.
Foliation is primarily a mica schistosity. Quartz stringers are
mostly parallel to the schistosity’but may cross it at a low angle.
Staurolite and kyanite are surrounded by fine-grained muscovite and

sericite, Most biotite is altered to chlorite. Quartz grains in



the quartz stringers are about 0.5 mm and strongly sutured;

elsewhere quartz is fine grained. Average grain size is about
0.3 mm, but grains are quite variable.

ST-57 (S-1.6N; 22.8W): Dark-gray, medium-grained quartz-epidote-
plagioclase-hornblende gneiss (amphibolite). Thin feldspathic
laminae separate thicker hornblende rich layers. Epidote is
yellowish gray and is colorless in thin section. Minerals are

fairly even grained and granular, with an average size of about

1 mm. Hornblende is Y, dusky yellow green (5GY 5/2) and Z grayish
green (5G 5/2).
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Brimfield Schist

The Brimfield Schist underlies the extreme northwest corner of tﬁe
Hampton quadrangle, although no exposures of the unit were observed in
the area. It is exposed, however, in road cuts a few hundred feet north
of the quadrangle.boundary, and in natural exposures about 2,000 feet
west of the quadrangle. 1In both localities the strike of the rocks is
northeast, toward the corner of the Hampton quadrangle. The Brimfield
of this area is continuous with the Brimfield Schist of Emerson (1898,
1917) in Massachusetts and with the Brimfield Schist as redefined by
Callaghan (1931). On the basis of regional correlations the Brimfield
Schist in the Hampton quadrangle is thought to be equivalent to the
Tatnic Hill Formation in the southeast cormer of the quadrangle, and
is, therefore, overturned.

The Brimfield Schist in the areas north and west of the Hampton
quadrangle is a slightly rusty weatheriﬁg, medium-grained, dark-gray
muscovite-biotite-plagioclase-quartz schist. The exposures are about
half schist and half pegmatite, and apparently pegmatitic dikes and
sills are abundant in this part of the Brimfield. Interlayered calc-
silicate rock is also common in this part of the Brimfield (M. Pease,
written communication, 1967). In general the Brimfield Schist is
typified by strongly rusty weathering schists and gneisses, although
reconnaissance in the area northwest of the Hampton quadrangle indicates
some nonrusty rocks occur in the unit which are indistinguishable from
some rocks of the Tatnic Hill Formation. The main differences between
the lithologies of the Brimfield and the Tatnic Hill appear to be the
more extensive rusty weathering character of the Brimfield, and more

abundant interlayering of calc-silicate rocks.



Hebron Formation

The Hebron Formation is one of the most extensive units in eastern
Connecticut, covering a large part of the area from the Monson anticline
to the Willimantic dome (see pl. 1, fig. 2). It was named Hebron Gneiss
by Gregory (in Rice and Gregory, 1906), for exposures in the town of
Hebron, although the typical rocks he mentions (1906, p. lkl) are in
Moodus and Coventry. Snyder (1961) changed the name to Hebron Formation.
The type area for the Hebron is several miles west of the Plainfield-
Danielson area, on the west side of the Willimantic dome, and rocks of
this area are continuous with those in the type area around the north
and south sides of the dome. The Hebronm west of the Eastford Gneiss
in the northwest corner of the Hampton quadrangle (pl. 3) is the only
Hebron in the Plainfield-Danielson area which'was shown on most earlier
maps, although Percival (1842) recognized some Hebron (his unit E;)
between the tocks of theﬂPutnam Group (his Unit F) and the Scotl%na Schist
(his unit Eej.

The Hebron Formation occurs in several belts which are separated by
either the Scotland Schist or the Canterbury Gneiss. The narrow belt of
Hebron east of the Canterbury Gneiss across the Scotland and Hampton
quadrangles is continuous with the belt west of the gneiss around the
northern termination of Canterbury in the Danielson quadrangle (pl. 2).
The central belt of Hebron between the Canterbury Gneiss and the Scotland
Schist is continuous with the western one, which separates two belts of
Scotland, in the central part of the Hampton quadrangle, where Scotland
is eroded away. The Hebron west of thé»Eastford Gneiss in the Hampton
quadrangle is also continuous with the one on the east around the northern

end of the Eastford north of this area (see pl. 1). The various belts of
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Hebron have a general north-northeast strike and a moderate to shallow dip
northwest; in the central part of the Hampton quadrangle the dip is about
horizontal.

The Hebron Formation is composed primarily of fine-grained calc-siliate
schists which are nonresistant to erosion, and most of the unit underlies
a general lowland with few exposures. In the Plainfield-Danielson area
most exposures are small ones near the base of hills held up by Scotland
Schist or Canterbury Gneiss, or are in stream beds; most large exposures
of the unit are artificial. The contact between the Hebron Formation and
the Yantic Member of the Tatnic Hill Formation is commonly on a dip slope
and is poorly exposed. The only observed exposure of the contact is on
the west side of Wolf Den Brook.in the Danielson quadrangle (D-33.9N;
26.5W), but the contact here is a fault, and fhe rocks on either side
are strongly granulated. Snyder (1961, 196k4a) states that the Hebron
and Yantic contact is sharp, and it §15£ab1y is; interlayering of the two
rock types has not been observed near the contact, although exposures of
either rock near the contact are uncommon. The rather uniform thickness
of the underlying Yantic Member suggests that the contact is a conformable
one. The Hebron in this area has an apparent thickness of 500 to 1,000
feet. The thickness is, however, difficult to determine, as the Hebron is
cut by the Canterbury Gneiss, and an uninterrupted area of the unit from
the Yantic Member at the base to the Scotland Schist at the top does not
occur in this area. In addition the unit is strongly folded internally,
and every large exposure shows a series of isoclinal folds.

Most of the Hgbron Formation in the Plainfield-Danielson area is in
the staurolite-kyanite grade of metamorphism; staurolite and gyanite occur

in the Yantic Member below it and in the Scotland Schist above it. 1In



the northwestern part of the Scotland quadrangle (pl. 5) and the southwestern
part of the Hampton quadrangle (pl. 3), however, the schists above and

below the Hebron carry sillimanite, and the intervening Hebron there

is also sillimanite grade. No specific difference was noted in the

mineral assemblages in the rocks of the unit between the two metamorphic
grades, but sillimanite grade Hebron is slightly coarser grained than is
staurolite grade Hebron.

The axial plane of the Hampton syncline traces through the central
part of the Hampton quadrangle, and in part through the Hebron Formatiom
(fig. 1; pl. 3). The Hebron south and east of the trace, which is
most of the unit in the Plainfield-Danielson area, is in the normal, or
right-side-up limb, and that north and west of the trace is in the
overturned limb. There are some lithologic differences between the
rocks of the two lﬁgbs; the basic rot¢k types are the same, but the relative
abundance of different rock types varies. | |

The rocks of the Hebron Formation are well-layered, medium-gray,
greenish-gray, and purplish-gray, fine- to small-grained calc-silicate
schists and biotite granular schists. 1In general the rocks of the normal
limb of the Hampton syncline are predominantly calc-silicate schists with
less abundant interlayered biotite schist, while those in the overturned
limb are mainly biotite granular schist with minor calc-silicate schist.
Preliminary mapping in the Putnam quadranéle, however, indicates that in
places calc~silicate rocks are also common in the overturned limb. In
the northern part of the Hampton quadrangle (pl. 3) the Hebron contains
thin lenses of a strongly rusty weathering graphitic muscovite schist.

The lenses are probably no more than 20 or 30 feet thick, and .can be traced

for a mile or two through discontinuous exposure and float concentrations.



They appafently occur near the top of the Hebron, and in both the normal
and overturned limb of the syncline. A white, small-grained quartzite is
exposed above Waldo Brook in the Scotland quadrangle (S-16.3N; 23.8W),

and is overlain and underlain by Hebron. It is about 10 feet thick and

can be traced for only about 1/4 mile along strike. It may be interlayered
with the Hebron, or it may be in the trough of a small syncline, and be
equivalent to the quartzite at Franklin which Snyder (196k4a and b) shows
locally at the contact of the Hebron Formation and the Scotland Schist.

The rocks of the Hebron Formation are in thin layers, an inch to
several inches in thickness. The layers are commonly uniform for several
feet along strike and are sharply bounded on either side. In most rocks
the layering is parallel to the schistosity, which is formed by the planar
orientation of the biotite flakes, and actinalite laths. Many rocks also
contain a fine scale lamination of discontinuous stripes of biotite,
actinoliéé.;r plagiociase, which is also barallel to the schistosity.

In most of the unit the rocks are noncataclastic, but locally they are
mortar gneisses or mylonites.

Modal analyses of the Hebron Formation are given in table 11. Samples
H1-24, H1-36 and HO-92 occur in the overturned limb of the Hampton syncline
and the rest are in the normal limb. The most common rock in the unit
is biotite-quartz-plagioclase schist (table 11, s8-181, H1-36, HO-92)
which may contain calcite (table 11, H9-8L4, HO-L2) actinolite (table 11, H1-2L)
or both (table 11, s8-168, s8-21). There is a wide variation in the propor-
tions of the constituent minerals. In general quartz and plagioclase
together make up 65 percent to 80 percént of the rock. Plagioclase ranges
from 10 to 55 percent and is commonly about 35 percent; quartz ranges from

10 to 65 percent and is commonly about 30 percent. Biotite comstitutes 2



to 20 percent of the rocks which contain actinolite, and 10 to 50 percent,
commonly about 20 percent, of the rocks which do not contain actinolite.
Calcite may constitute as much as 15 percent of the rock and is less than
10 percent in most; actinolite is as much as 30 percent and commonly is
less than 20 percent. Epidote is a common accessory mineral and locally
is as much as 20 percent of the rock; it is more commonly abundant in the
actinolite bearing schists than in those without actinolite. Scapolite is
rare, but locally may constitute 10 percent of the rock. Muscovite also
is rare, but may occur locally; it was not observed in actinolite bearing
rocks. Potassium feldspar also may be present locally, but is abundant
only in rocks close to pegmatites. Accessory minerals, in addition to
epidote, include sphene, apatite, opaque minerals, zircon, allanite,
tourmaline and 1ocaily garnet.

Less abundant interlayered rock types are actinolite-quartz-
‘plagioclase schists with minor or no biotite. The majority of ﬁhese aré_'
generally similar to the biotite schists, and have about the same range
in the proportion of the constituent minerals, although epidote is more
commonly abundant, and may be as much as 30 percent of the rock (table 11,
HO-51). Less commonly these rocks may contain either or both scapolite
and diopside, and either may constitute as much as 25 percent of the
rocks, although diopside is commonly less than iO percent (table 11,
H9-T6). The scapolite-diopside rocks may or may not contain calcite,
most contain 2 to 10 percent epidote, and most contain no biotite,
although one sample examined has about 10 percent biotite. Plagioclase
is present in the scapolite bearing r&éks, though is less abundant than
in the nonscapolitic rocks.

The rock in the lenses of muscovite schist in the northern part of
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the Hampton quadrangle is grayish-orange, olive-gray to dark-gray, small-
to fine-grained graphitic plagioclase-biotite-muscovite-quartz schist
(table 11, HO-43). The schist commonly contains minor garnet and
sericitized staurolite or kyanite. In the railroad cut in central Hampton,
from which sample HO-43 was collected, pyrite nodules, in ovoid shapes
about an inch long, occur on a joint surface. The nodules are weathered
out and are mostly hollow, and apparently the limonite stain in the rocks
is from the weathered pyrite. A characteristic feature of the muscovite
schist is coarse knots of quartz and kyanite with minor graphite. These
were observed in the schist in the railroad cut, and as common float
boulders through the area of Catden Swamp north of the railroad cut.

The knots are aé mﬁch as a foot in diameter and kyanite blades are several
inches long. 1In an isolated outcrop the muséovite schist is difficult

to distinguish from some of the chtland Schist.

The quartzite lens in Waldo Brook in the Scotlan& quadrang;e is Q
white, medium-grained quartzite containing almost 100 percent quartz, and
only a few scattered grains of biotite, muscovite and epidote. The grains
average about 2 mm diameter. The small amount of quartzite exposed in this
area is massive and unlayered.

The rocks of the Hebron Formation most commonly contain even-grained,
granular minerals with an average grain size of about 0.1 to 0.3 mm but
may be 0.5 mm locally. The quartz grains are generally about equant in
dimensions, and show little or no undulose extinction or suturing. The
compoéition of the plagioclase commonly ranges from An 35 to An 50, but
locally may be as calcic as An 65. Thé plagioclase grains are of the same
order of size as quartz grains, and where untwinned the plagioclase is

difficult to distinguish from quartz. The most common amphibole is a
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green actinolite in which Y and Z are dusky yellow greem (5GY). It occurs
in elongate grains slightly longer than the average size of the quartz and
plagioclase. 1In some rocks it is poikilitiec, with numerous quartz inclusionms.
A colorless or very-pale-green actinolite occurs in minor amounts in many
of the rocks, commonly as blades along or near the edges of the green
actinolite. The two actinolites were separated from one sample (HO-51)
and the optical properties are given in table 10. The properties
indicate both amphiboles are actinolite; the green actinolite has a Mg/Fe
ratio of about 32/68, and the colorless one has a Mg/Fe ratio of about
75/25 (Troger, 1956). Biotite occurs in fine to small plates commonly
slightly longer than the quartz and plagioclase grains. The color of
the Z direction is commonly light brown (5YR) to moderate yellow brown
(10YR). Epidote is colorless and in most rocks has a low birefringence
and anomalous interference colors, although in a few rocks it has a high
@ifefringence. It ig commonly in irregularly shapes grains, and may
contain fine vermicular inclusions of an unidehtified mineral, which may
be quartz. Locally it is euhedral. The optical properties of the epidote
in sample HO-51 are also given in table 10, and indicate a ratio of Al/Fet+i+
of 88/12. Scapolite, where present, is commonly in fine to small,
irregular grains. Plagioclase adjacent to the scapolite is sharply zoned.
Most of the rocks of the Hebron are fresh, and show little or no aiteration.
Minor chlorite after biotite may be present, and minor plagioclase is
sericitized. Locally the rocks are strongly altered and consist of quartz,
sericite and chlorite with minor plagioclase,

The rocks of the Hebron are locally catacla;tic mortar gneisses or
mylonites. The mortar gneisses contain streaks of fine- to very-fine-grained

quartz, plagioclase and biotite separated by streaks of normal sized grains.
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In these rocks quartz is weakly sutured, and in the granulated streaks may
be strongly sutured. The mylonitic rocks are very-fine-grained rocks
in which the fine biotite forms a strongly oriented network for the rest
of the minerals. Locally the rock is a small-grained breccia in which
clasts of fine-grained, granulated biotite-quartz-plagioclase schist occur
in a very-fine-grained, clayey matrix, which constitutes 25 to 50 percent
of the rock. These occur in the northwest cormer of the Hampton quadrangle
and the southern part of the Eastford quadrangle, and are associated with
ultramylonite dikes. |
Age and correlation

The age of the Hebron Formation within the Plainfield-Danielson area
can be established only as younger than the Tatnic Hill Formatiop and
older than the Scotland Schist. South of this area, in the Fitchville
and Willimantic quadrangles (Snyder, 196kLa and b), a clean, white quartzite,
called the quartzite at Frankliégygeparates the Hebron and the overlying
Scotland Schist. ©Local cross-bedding in the quartzite indicates that the
Scotland is on top of and younger than the Hebron. There are various °*
possibilities for correlation of the Hebron with other units in New
England, but none of them can be established as yet. Because of the
correlation of the Tatnic Hill Formation and the Brimfield Schist, Hebron
is élso considered to be younger than Brimfield. The possible age of the
Hebron ranges from middle Ordovician to lower Devonian. Incomplete radio-
metric age determinations in eastern Connecticut suggest the age may be
toward the older limit of the range rather .than toward the younger, and
may be pre-Silurian.

In stratigraphic position above the Brimfield and Tatnic Hill

Formations, and in general lithology the Hebron Formation is similar to



;;e Fitch Formation of the Bolton Group of Rodgers et al (1959), along the
western edge of eastern Commecticut (see table 1) The Fitch Formation of
Connecticut can be traced intermittently into the middle Silurian Fitch
Formation of New Hampshire (Eaton and Rosenfeld, 1960; Billings, 1956).
The quartzite at Franklin is, however, similar to the Clough Formation of
the Bolton Group and of New Hampshire, of lower Silurian age (Boucot and
Thompson, 1963). North of the Plainfield-Danielson area, Hebron traces
into Massachusetts into both the Oakdale Quartzite and the Paxton Quartz
Schist of Emerson (1917). At least some Oakdale and Paxton are equivalent
to rocks of the Merrimack Group in southeastern New Hampshire, which
Billings (1956, p. 103) traces into the Waterville Formation in Maine,
dated as upper Silurian (Osberg, 1967). Thus, by correlation either with
the Fitch Formation or the Waterville Formati&n, Hebron would be middle

to upper Silurian. If, on the other hand the quartzite at Franklin
éorrelates with the Clouéh Formation, Hebron must be pre-Silurian. The
Hebron has not.yet been traced by mapping into rocks known to be Fitch

or Waterville equivalents, although the latter may be possible with
further mapping in Massachusetts,

The Hebron Formation is cut by the Canterbury Gneiss and, in the
Columbia quadrangle, (Snyder, 1967) by a quartz monzonite dike, both of
which have been dated radiometrically by the whole rock rubidium-strontium
method (Zartman et al, 1965). The age obtained for both rocks was L30 +

1/

20 m.y.=", 1If this number represents the time of intrusion of the

1/ The numbers reported by Zartman and others (1965) were 405 + 20 m.y.,
and were based on a decay constant of + 1.4T X 10-11yr-1. Zartman

(personal communication, 1966) would now prefer to use a decay constant

.



of 1.9 X 10‘11yr-1, and would recalculate the numbers accordingly. The

numbers used here are, therefore, based on the latter decay constant and

differ from the published numbers.

Canterbury sill and the quartz monzonite dike, the Hebron Formation must
be older than 430 + 20 m.y. By either the Holmes (1960) time scale (which
puts the Silurian-Ordovician boundary at L4O m.y.) or the Kulp (1961)
time scale (which puts the boundary at 425 m.y.), this would indicate
lower Silurian or older, and probably a pre-Silurian age for the Hebron
Formation.

Origin and chemiégéywtomﬁf--{‘\

The Hebron Formation consists of a metamorphosed sequence of primarily
limey rocks. The protolitﬂ‘for the unit was probably a thinly layered
sequence of limey, possibly in part dolomitic, siltstomes with lesser

bamodgté of non-limey siltstonés. In.the rocks of the d§erturned 1imb

of the Hampton syncline the non-limey siltstones predominated, at least
locally. A facies change between the limey and non-limey rocks must take
place west and possibly north of the Plainfield-Danielson area.

Chemical analyses of two samples of Hebron Formation are given in
table 20. In calculating the mesonorms, an aluminous hornblende was
calculated rather than nonaluminous actinolite for more ready comparison
with the analyses of the Fly Pond Member, although the amphibole in the
Hebron is apparently a nonaluminous one. The small amount of excess C
in the mesonorms of the Hebron is probably accommodated as excess Al in
the micas. The A:C:F ratios of the Hebron samples are plotted on the
triangular diagram in figure 5, along with the Hebron analyses from

Snyder (1964a). The Hebron ratios overlap the fields of the micaceous

s



pelitic rocks of the Tatnic Hill Formation and the Scotland Schist
and of tﬁe calc-silicate rocks of the Fly Pond Member of the Tatnic
Hill Formation.

Analysis 15 (sample S8-181) in table 20 is sbout comparable to an
analysis'of a sample of Fitch Formation given by Billings and Wilson
" (1964, table 1, no. 6), described as a dolomite slate in the chlorite
zone of metamorphism; Other Fitch analyses, however, are considerably

~ richer in Ca0 and poorer in Alz03 than are any of the Hebron analyses.

e,



*o31ydea8 Ly3sou st enbedo /%
*937307q JIOUTW SUTRJUOD 3001 paysnid Inq ‘uoTloves uryl Ul 931301q ON \N
~ *@3110ane3s (s) ‘eseroorBerd (d) woxy a310119§ \N
*jouze8 (8) ‘eayrourioe (k) ‘e31301q (q) wWoxy 331TIOTYD /T
‘02 91qe3l uy pajlodsaa oie sosLJBuUB [BOTWAYO YSTym Jo safdueg
*jusoaad 1°*Q ueyjz ssOT sjunowe ul Jussaad

sjeisutw s93eOTpur X {jusoaad ] ueyjz ssa] Jo asoyjl 3dooxs ‘aaqunu ojoym 3soaesu 9yl 03 JJO papunol so3ejuooaag

Geuy

c
(s)S
(8¢q)x

m.

" KO

/75

co
4

o1
1h

Otuy

4

8¢

Ge

ceuy

N
OO XO

074

ch
G¢

Gouy

1°0

81

it

Ge
T

oguy

geuy

-~
~ O OO0

w2

72
o4

otuy
G0’

NOO %

o

a1
%

ofuv

wn\
.

co».r\.-rov-r&\moxxx

4

Ghuy

1
14

geuv

¢1

2] 8

49
o¢

Ghuy

a1

KA
ce

0 00 e

oo 0 0 00

*3erd 3o *dwo)

.o-.-@“ﬂcoaﬂﬂ
. \Nmuaoauwm
o.g.\ﬂmUMHOHgo

ceveeegqTURTTY
****duTTRWINO,
..o.oo.@UMUWQ{
ceeeeteeu001T7

**¢**syexouTW anbedQ

e e o0 00

.-.o..-.@ﬁ@ﬂﬂm
**re*93170dROS
......Q@MwQOMQ
.......UUO@MQW
seccesegyTOTED

SS9TI0]00-3]1TIOUT IOV
****ud9a8-931[0UT IOV

-..;;..-Ums“mo

*****931A00SNY
.III...@“H“OMM

**+oseyoo013eld
-.-.-.-.NUHWSO

Ch-OH

26-0H

o¢-TH

12~ TH

tg-6H

¥*

181-8S

9).~6H

16-0OH

#*
891-8s

12-8S

‘uofjewIo]

uo1qay 9yl Jo sosfjeue [EPON-~°T11 °1qeL

/44



Hebron Formation:

88-21 (S-16.5N; 23.7W): Medium-light-gray, fine-grained calcite-biotite-
actinolite-plagioclase~-quartz granular schist. Foliation is defined
by planar orientation of biotite flakes, and by fine-scale, discon-
tinuous laminae of amphibole and of quartz and feldspar. A diffuse
layering is parallel to the foliation, and represents a small
difference in abundance of mafic versus felsic minerals. A thin
(1 mm) band of quartz and calcite is also parallel to the foliation,
and outlines a small, isoclinal fold. The rock is granular with
even grained quartz and plagioclase. Quartz is not sutured.

Biotite and actinolite grains are slightly longer than the quartz
and plagioclase. Biotite is moderate yellow orange (1lOYR 5/L4).
Actinolite is Y, grayish green (10GY 5/2) and Z, light blue green
(5BG 6/6). Average grain size is about 0.2 mm.

$8-168 (S-16;ﬁﬁ;“23.TW): Medium-gray, fine-grained actinolite-biotite-
quarfz-plagioclase granular schist. Foliation and lamination are
as in 88-21. Quartz and plagioclase are in even, granular, grains;
quartz is not sutured, Biotite is light brown (5YR 5/6). Y and 2
of actinolite are dusky yellow green (5GY 5/2). Average grain size
is about 0.2 mm.

HO-51 (H-1L.2N; 21.5W): Greenish-gray, small-grained actinolite-epidote-
plagioclase-quartz gneiss. Foliation is defined by a diffuse
composition layering parallel to a cleavage plane. A minor amount
of biotite can be seen on the weathered surface, but none was
included in the thin section. Epidote is in irregular grains with
a low birefringence, anomalous interference colors, and contains

vermicular inclusions of an unidentified mineral, possibly quartz.
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The minor scapolite is associated with, and apparently replaces
plagioclase. Quartz grains are weakly sutured. The green actinolite
is Y and Z dusky yellow green (5GY 5/2). Average grain size is about
0.3 mm.

H9-T6 (H-6.1N; 15.5W): Medium-light-gray, and greenish-gray, small-
grained calcite-epidote-diopside-actinolite-scapolite-quartz gneiss.
A greenish-gray layer 1/2 inch thick, is at an angle to the foliation
as defined by orientation of tabular amphibole grains in the light-
gray layers on either side. The layer has diffuse boundaries.
Most diopside of the rock is in the greenish layer and most actinolite
is in the gray layer. Plagioclase and scapolite are indistinguishable
megascopically. In thin section the minor plagioclase is associated
with scapolite and is strongly zoned; scépolite apparently has
replaced piagioclase. Amphibole is greenish black; diopside is
péle yellowish green. Minor biotite occurs in the hand samﬁle);but
none was included in the thin section. Epidote has a low birefringence,
anomalous interference colors and some grains are euhedral. Diopside
forms euhedral to anhedral grains as much as 1 mm diameter. Very-
fine-grained actinolite overgrowths are perpendicular to the edges
of diopside grains, and give the appearance of a sawtooth edge;
some of the actinolite is bladed aﬁd some occurs as diamond shaped
euhedra. Rock contains both colorless and green actinolite; the
green actinolite is Y and Z dusky yellow green (5GY 5/2). Average
grain size is about 0.2 mm,

s8-181 (S-6.4N; 32.5W): Light-olive-gfay, slightly rusty weathering,
fine-grained, plagioclase-quartz-biotite granular schist. Foliation

is defined by planar orientation of the biotite flakes, and by a



fine scale layering reflecting differences in the concentration of
biotite. Biotite is bleached to golden brown on the weathered
surface. Quartz and plagioclase are granular with an average

size of about 0.2 mm; quartz is not sutured., Biotite grains are
only slightly longer; biotite is light brown (5YR 5/6).

HO-84 (H-20.3N; 15.5W): Medium-gray, fine-grained calcite-biotite-
plagioclase-quartz granular schist, Foliation is defined by planar
orientation of the biotite flakes. Quartz, plagioclase and calcite
are in even, granular grains with an average size of about 0.2
mm, Quartz is weakly sutured. Biotite is moderate yellow brown
(10YR 5/4).

HO-k2 (H-26.0N; 16.4W): Medium-dark-gray, fine-grained biotite-plagio-
clase-quartz grauula? schist. Foliation is defined by planar
orientation of the biotite flakes; and by parallel thin laminae of
Qﬁartz. The garﬁet occurs in the quartz laminae as long, (as much
as 1 cm) thin (less than 0.5 mm), skeletal, poikilitic grains.
Quartz and plagioclase are evén, granular grains with an average
size of about 0.1 mm. Muscovite and chlorite are interleaved with
biotite and both may be secondary after biotite. Biotite is light
brown (SYR 5/6).

H1-24 (H-42.3N; 26.7W): Medium-gray, slightly rusty-weathering, fine-
grained biotite-epidote-actinolite-plagioclase-quartz granular
schist. TFoliation is defined by planar orientation of the mica
plates and actinolite laths. The rock has even-grained, granular
minerals with an average size of about 0.2 mm; actinolite is
commonly a little larger. Quartz grains are not sutured, and do

not show undulose extinction. Biotite is dark yellow orange (10 YR 6/6).
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Acinolite is Y and Z pale olive (10Y 5/2).

H1-36 (H-37.9N; 33.8W): Mbdiuﬁ-gray, small-grained biotite-quartz-~
plagioclase granular schist. Foliation is defined by planar
orientation of the biotite flakes. Weathered surface is slightly
rusty. Rock has even-grained, granular minerals with an aQerage
size of about 0.3 mm. Quartz is not sutured, and does not show
undulose extinction. Biotite is light brown (5YR 5/6).

HO-92 (H-25.3N; 21.6W): Medium-dark-gray, slightly rusty-weathering,
fine-grained quartz-plagioclase-biotite granular schist. Foliation
is defined by planar orientation of the biotite. Streaks of
granulated grains are parallel to the biotite foliation. In and
near the streaks quartz is strongly sutured; other quartz is
weakly sutured and shows undulose extincfion. Plagioclase is
slightly zoned. Biotite is light brown (5YR 5/6). Grain size
is variable with a maximum of aﬂogt;B.S mm ., .

HO-U3 (H-25.9N; 16.5W): Olive-gray, moderately rusty-weathering, small-
grained plagioclase-biotite-muscovite-quartz schist. Foliation is
defined by planar orientation of the micaé. Lenses of medium-
grained quartz, are bordered by fine-grained quartz, plagioclase
and micas. Knots of sericite 1 mm or more in diameter with only
minor cﬂlorite are probably after kyanite or staurolite, although
none is now left. Garnet is mostly fresh, and where altered it is
mainly chlorite. Biotite is light brown (5YR 5/6). The medium-
grained quartz averages about 1 mm; the rest of the rock has an

average grain size of about 0.1 mm.
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Scotland Schist

The Scotland Schist is the youngest of the metasedimentary rocks in
the Plainfield-Danielson area, as well as in eastern Conrecticut east of
the Monson Anticline. The unit was named by Gregory (in Rice and Gregory,
19C6) for a "coarse muscovite schist, squeezed into minute folds" which
"covers the town of Scotland" (1906, p. 141). He gave no type locality
for the unit, and the only outcrop he cited (a railroad cut east of
Pautipaug Hill in the southern part of the Scotland quadrangle) is well
within the Yantic Member of the Tatnic Hill Formation, and is separated
from the Scotland Schist by exposures of the Hebron Formation and of
Canterbury Gneiss. The series of road cuts and bluffs north of the
Shetucket River in the southwestern corner of the town of Scotland
(pl. 5, S-13.4-14 .4N; 30.2-32.2W) has been established as the type
locality for. the Scotland Schist (text accompanying pl. 5).

The S;otiénd Schist-bécurs in two genérglly north'trending.belts in
the Scotland quadrangle (pl. 5). Both belts are shallow, open synclines
which plunge out, or are eroded through in the southern and central parts
of the Hampton quadrangle (pl. 3). In the northern half of the Hampton
quadrangle there are two belts of isoclinally folded Scotland, in the °
core of the recumbent Hampton syncline.- The schist is apparently squeezed
out of the core in the center of the quadrangle between the two belts.

_ The Scotland Schist in the ;outhern half of the Hampton quadrangle and
the Scotland quadrangle is, therefore, in the normal limb of the Hampton
syncline, and the open synclines are warps in the normal limb. The
Scotland Schist continues south of the Scotland quédrangle through the

Willimantic and Fitchville quadrangles (Snyder, 196La and b) to just north

of the Honey Hill fault (pl. 1). North of the Danielson quadrangle it
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apparently continues as a narrow belt in the core of the recumbent
syncline into Massachusetts.

The Scotland Schist is primarily a coarse muscovite schist which
is resistant to erosion and the unit commonly forms a topographic high.
The top of the unit is not exposed, and it apparently has a maximum thickness
in the southern part of the Scotland quadrangle and in the Willimantic
quadrangle, where the maximum apparent thickness is about 800 feet. The
contact with the underlying Hebron Formation is fairly well exposed on
the lower slopes of hills held up by more resistant Scotland Formation.
The contact is fairly sharp and appears to be conformable. A narrow zone
of gradation, commonly less than a foot thick can be seen locally between
the two units. The base of the Scotland is commonly a biotite-plagioclase-
quartz schist which in places is difficult té distinguish from similar
rocks .in the Hebron. The contact is marked, however, by the absence of
calc-siliéate rocks and the présence of associated muscsvitic rocks above
it. Thin beds of quartzite, no more than a few inches thick, occur locally
just above the contact. The'quartéite possibly grades laterally into the
coarse, white quartzite at Franklin that separates the Scotland from the
Hebron Formation in parts of the Fitchville and Willimantic quadrangles
(Sn&der, 1964a and b). A few primary sedimentary bedding features in the
Scotland Schist near the base of the unit, and in the quartzite at Franklin
indicate that the Scotland Schist is onAtop of, and younger than the Hebron
Formation.

The basal 5 to 25 feet of the Scotland Schist consist of alternating
fine-grained, granular schist and coafse-mica schist. 1Individual layers
range in thickness from an inch to about a foot; in general layers of

granular schist are thicker and more abundant than the coarse-mica schist.



In this zone the layering appears to be primary bedding and the quartz
and plagioclase rich, granular schist commonly grades upward into
micaceous schist. The rest of the Scotland is a fairly massive coarse-
muscovite schist, with indistinct layering. A thin strongly folded,
fine-grained quartzite layer, about 10 feet thick occurs about 600 feet
above the base of the Scotland in the southwestern part of the Scotland
quadrangle. North of that area the Scotland is apparently not thick
enough to include the quartzite.

The Scotland Schist is commonly a dark-gray schist which is either
nonrusty or very slightly rusty weathering. The rusty weathering in general
is more prominent in the northern part of the Plainfield-Danielson area,
and in an isolated outcrop in the north the schist may be difficult to
distinguish from some Brimfield Schist. The unit typically contains small
quartz lenses about an inch thick and three or four inches long. The
lenses ére commonly‘stained grayish orange. The weétherea surface of the
Scotland Schis£ typically shows small, weathered out crystals (a few
millimeters in size) of red garmet, staurolite and locally kyanite and
tourmaline. Rare, thin lenses, an inch or two in thickness, of greenish
calc-silicate rock are interlayered with the muscovite schist. The foliation
of the Scotland Schist is primarily a mica schistosity which, in the lower
part of the unit, is commonly parallel to the layering. In the massive,
coarse-mica schist some of the rocks show a strong schistosity while others
show a strong crinkle lineation in the muscovite plates but a diverse
orientation of the micas, and no well developed foliation. Most of the
Scotland is not cataclastic, although rocks which contain streaks of

granulated minerals are fairly common.
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Modal analyses of several samples of Scotland Schist are given in
table 12. The granular schist in the lower part of the unit is commonly
a dark-gray, fine-grained muscovite-biotite-plagioclase-quartz schist,
commonly containing minor garmet, but rarely with staurolite or kyanite
(table 12, $88-35, HO-99). Quartz makes up 10 to 60 percent of the rock,
and commonly about 45 percent; plagioclase is 10 to 4O percent and commonly
25 percent; biotite is 5 to 30 percent and commonly about 25 percent;
and muscovite is O to 20 percent. In most of the granular schist muscovite
is less abundant than biotite, but in some rocks it may be more abundant.
Garnet is rarely more than 1 or 2 percent of the granular schist. 1In
the coarse mica schists interlayered with the granular schist near the
base, and forming most of the unit above tﬁe.basal zone the common rock
is a dark-gray, fine-grained plagioclase-biotite-muscovite-quartz schist
with coarse mica plates. Most of the schist contains garmet (table 12,
s8-185, S7F138, ST-106), it commonly contains staurolite (table 12, $8-60,
ST-128) and locally contains kyanite (table 12, HO-117, H9-80). Quartz
and muscovite together make up 60 to 80 percent of most rocks; biotite is
commonly 10 to 15 percent, and plagioclase is less than 10 percent. Garmet
and staurolite are less than 5 percent of most rock but either may be as
much as 20 percent. Kyanite, where present, is rarely more than 5 percent.
Graphite is a common accessory mineral, and in many rocks it occurs mainly -
as inclusions in garnet and staurolite. Other accessory minerals are
tourmaline, apatite and zircon.

The quartzite in the southern part of the Scotland quadrangle is a
buff to medium-gray, fine-grained quarﬁzite with 85 to 95 percent quartz and
minor amounts of plagioclase, muscovite, biotite and garnet (table 12,

ST-137). The local layers of quartzite at the base of the unit are



generally similar in composition,

The rocks of the Scotland Schist are fine-grained,granular to
coarse-mica schists in which the quartz and plagioclase have an average
grain size of 0.1 to 0.3 mm. Quartz is most commonly in even grains
which are not sutured and do not show undulose’ extinction, although in
rocks which contain somewhat coarser grained quartz, it may show moderate
undulose extinction. Plagioclase is commonly in fine, even grains; the
composition is An 20 to An 30. The fine-grained plagioclase of some
rocks is poorly twinned and is difficult to distinguish from quartz.
Muscovite is the most prominent mineral of the coarse-mica schist, and
occurs in plates 2 or 3 mm in diameter which are commonly strongly crinkled.
Biotite is commonly in smaller grains, about the same size as or slightly
longer than the average quartz and plagioclasé grains. The Z direction of
biotite is commonly moderate yellow brown (10YR) to light brown (5YR).
Garnet is dark red hegaécopically and is colofless in thin section. It
is commonly in subheéral to euhedral grains 1 to 2 mm in diameter. In
some rocks the garnet is poikilitic, and skeletal to euhedral in outline;
the inclusions are mainly quértz, biotite and graphite. None of the
garnets showed evidence of rolling. Staurolite is the principal aluminum
;ilicate mineral in the most of the area, but from the central part of
the Scotland quadrangle north, minor amounts of kyanite are commonly
associated with the staurolite. vIn the belt of Scotland Schist along the
western edge of the Hampton quadrangle kyanite occurs without associated
staurolite. Andalusite was reported by Foye (1949, p. 78) from the
Scotland Schist above the power plant ﬁorth of the Shetucket River in the
southwestern part of the Scotland quadrangle, but examination of Foye's

thin sections indicated staurolite but no andalusite in the rocks. The



staurolite is commonly in cross-twinned grains several millimeters long.
The kyanite in most rocks is in fine grains less than 0.5 mm long, but
locally forms blades several millimeters long which stand out on the
weathered surface. Both minerals are subhedral to euhedral in thin
section, and may be poikilitic with numerous inclusions of quartz, and
staurolite commonly contains graphite inclusions. Staurolite is fresh
to completely sericitized. Other alteration of the rocks is minor, but
locally biotite is altered to chlorite, plagioclase to sericite, and the
rusty stained rocks commonly contain limomite.
Age and correlation

Within the Plainfield-Danielson area the age of the Scotland Schist
can be established only as younger than the Hebron Formation, and it is
probably middle Ordovician to lower Devonian‘in age. One possible
correlation of the Scotland Schist is with the Littleton Formation of
the Bolton Group q£ Rodggrg et al (1959) along the western edge of eastern
Connecticut. The Littleton Formation in éonnécticut has been traced by
Peper (1967) and Robimson (1967) northward across Massachusetts and into
the Littleton Formation in New Hampshire, although not quite continuously.
The Littleton Formation in New Hampshire is dated by fossils (Boucot and
Arndt, 1660) as lower Devonian. The Scotland Schist canmnot, however, be
traced into the Littleton Formation in Commecticut (see pl. 1), and
correlative units to the north, across the central part of eastern
Massachusetts and into New Hampshire, are not well established. The
correlation of the Scotland échist and the Worcester Phyllite of
Massachusetts has been suggested (Snyder, 1961; Zartman et al, 1965),
and north of the Plainfield-Danielson area the Scotland does trace into

one belt of Worcester Phyllite as mapped by Emerson (1917). It is unlikely,
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however, that the Scotland Schist is correlative with the Worcester
Phyllite at the coal mine in Worcester where the Carboniferous fossils
have been found (White, 1912; see also Zartman et al, 1965).

Origin and chemiééz;-Cc“VPvﬁi£‘°“

The rocks at the base of the Scotland Schist consist of metamorphosed
interlayered shales and siltstones. At the contact with the Hebron
Formation some fairly pure quartz sandstone was deposited, but it must
.have been thin and of limited lateral extent. Above the basal zone the
unit was mostly shale with only minor interlayered siltstone and sandstone,

Chemical analyses of the Scotland Schist are given in table 20
(analyses 8 to 11). The mesonorms are in general comparable to the modal
analyses of table 12, but the normative plagioclase is somewhat higher
than the modal plagioclase. As in the Tatnic Hill Formation, samples in
which normative C (excess-AlpOg) is greater than 5 contain aluminum-silicate
mineréiéi where C is less than 5, the excess AlgQOg is in garget and probably
as an excess in the micas. The A:C:F: ratios of the Scotland samples
listed in table 20, and of the samples listed by Snyder (196ka, table 4)
from the Fitchville quadrangle are shown in figure 5. Most of the Scotland
ratios cluster in a restricted area of high A and low C as compared with
the gneisses of the Tatnic Hill Formation. One sample from the Fitchville
quadrangle is well outside the cluster of the rest of the Scotland, and
is higher in C and lower in Al; the sample contains more modal plagioclase
than is common in the Scotland Schist.

Chemical analyses of the Scotland Schist are generally similar to
analyses of shales listed by Hill and others (1967, table 2). Analyses
8 and 9 (table 20) are also closely comparable to analyses of the Littleton

P
Formation given by Shaw (196§t table 2); analyses 10 and 11 are, however,



somewhat richer in Si0s than any analysed Littleton (see also Billings

and Wilson, 1964). The averages of the Scotland Schist analyses show some
of the same anomalous chemical characteristics as the Littleton. Shaw
(1956, p. 934) concludes that in comparison with the average pelitic rock,
the Littleton Formation is deficient in CaQ, Naz0, and COp, and contains
more Alz0z and TiOz. The average of the L4 analyses of Scotland listed

in table 20, and of 3 analyses of Scotland listed by Snyder (1964a, table L,
no. 8, 9 and 11; analysis no. 10 was not included as the location from which
the sample was collected is within the Hebron Formation on the geologic map)
suggest that the Scotland shows the same deficiency of CaO, NagO and COp

as does the Littleton. The average CaQ of the Scotland is 0.53 as

compared with 0.52 for the medium and high grade Littleton, NagQ of
Scotland is 1.21 as compared with 1.38 for Litéleton, and COz of Scotland

is .0.2 compared with 0.3 for Littleton (Shaw, 1956, table 13). The

averagé Al505 of the écotland is, however, not only Eonsiderably less

than the average Littleton, but is less tﬁan Shaw's average medium to high
grade pelitic rock (Scotland Alo05; average is 16.89; Littleton is 20.64;
pelitic rock is 17.35). This difference could be the result of sampling
bias. The major variable in the mineral composition of most of the
Scotland Schist is the presence or absence of aluminum-silicate minerals,
mostly staurolite. Only 3 out of the T analysed Scotland samples contain
more than 1 percent staurolite, while the Littleton samples listed by

Shaw 8 of 1l contained more than 5 percent staurolite or sillimanite (1956,
table 4). Probably more careful sampling of the Scotland is needed to

determine whether the low AlpOz is characteristic of the unit.
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Scotland Schist:

s8-185 (S-42.3N; 24.0W): Medium-light-gray, slightly rusty-weathering,
small-grained garnet-biotite-plagioclase-muscovite~-quartz schist.
Foliation is defined by planar orientation of the micas, and by a
diffuse, thin layering of quartz rich and mica rich layers, aboﬁt
1/4 inch thick. Muscovite plates show a crinkle lineation. Grayish-
red euhedral garnet is commonly less than 0.05 inch diameter. Quartz
and plagioclase are in even, granular grains with an average size
of about 0.5 mm. Quartz shows weak undulose extinction and is
not sutured. Biotite is light brown (5YR 5/6).

ST-138 (S-1T.5N; 25.7W): Medium-gray, slightly rusty-weathering, small-
grained garnet-biotite-muscovite-quartz schist. Mica flakes are
oriented along two schistosity planes. in thin section, streaks
of granulated minerals are parallel to both directions of mica
orientation. Most granulation is of.qué;tz and, less abundanﬁiy”'
biotite grains. Quartz grains vary from very-fine-grained to an
average of about 0.5 mm. Quartz is moderately sutured and shows
moderate undulose extinction. Biotite is 1igﬁt brown (5YR 5/6).

s8-25 (S-16.3N; 25.9W): Medium-gray, slightly rusty-weathering, fine-grained,
garnet-biotite-plagioclase-quartz granular schist. Foliation is
defined by ﬁlanar orientation of thevfine-grained biotite and by a
diffuse layering of biotite rich layers., Quartz and plagioclase
are in fine, granular~gfains which average about 0.2 mm diameter,
and biotite flakes are about the same iﬁ length. Quartz is notv
sutured and does not show undulose extinction. Garneﬁ grains are
poikilitic; commonly skeletal and as much as 2 mm long. Biotite

is moderate yellow brown (10YR 5/4).



HO-117 (H-30.5N; 26.8W): Medium-gray, slightly rusty-weathering, small-
grained, garnet-kyanite-biotite-muscovite-quartz schist. Micas are
variously oriented, and the sample is strongly lineated but weakly
foliated. Quartz rich zones are linear rods, rather than layers,
and mica orientation is partly parallel to the rods. Kyanite blades
are medium-bluish-gray and are as much as 1/4 inch long. Pale-red
garnets are less than 0.l inch diameter. Quartz is in even, granular
grains about 0.5 mm diameter; it is not sutured and shows weak
undulose extinction. Muscovite flakes are as much as 2 mm long.
Biotite is dark yellow brown (1OYR 6/2).

s8-60 (5-13.9N; 31.0W): Medium-dark-gray, small-grained staurolite-garnet-
biotite-muscovite-quartz schist. Micas are variously oriented, and
rock is weakly foliated and strongly 1inéated. The lineation is
‘primarily a crinkle, and less obviously a mineral lineation. In
thin section about.one-third.of thé micas are orienfed in one
direction. Garnet is in euhedral grains about 1 mm diameter.

Quartz grains are granular with an average size of about 0.3 mm and
are weakly sutured. Muscovite flakes are as much as 3 mm long, and
may be bent and crinkled. Biotite is light brown (S5YR 5/6).

ST-128 (S-7.1N; 34.0W): Medium-dark-gray, slightly rusty-weathering,
fine-grained staurolite-biotite-muscovite-quartz schist. A layer
of quartz-rich granular schist, about 1/2 inch thick, is bounded
on both sides by coarse-mica schist, although on one side a lensed
quartz vein occurs between the layers. The mica schistosity is
subparallel to the layering, though diverges from it where displaced
by the quartz vein. Muscovite plates are strongly crinkled in two

, . o . , .
directions, about 60 from each other. The thin section includes
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part of the coarse schist, the quartz vein and the granular schist.
The vein consists of medium-grained quartz with local zones,
especially along the edges of very-fine-grained quartz; most of the
limonite in the rock is in the vein. The granular schist consists

of fine-grained, granular quartz with an average size of about 0.2 mm,
and fine-grained micas and staurolite in anhedral, irregular grainms.
The coarse schist contains fine-grained granular quartz, coarse

mica plates, especially muscovite and coarse-subhedral to euhedral
staurolite. Biotite is light brown (5YR 5/6).

H9-80 (H-15.9N; 16.LW): Medium-gray, slightly rusty-weathering, small-
grained, garnet-kyanite-plagioclase-biotite-muscovite-quartz schist.
A crinkled foliation plane is defined by the orientation of mica
platés and concentration of the micas in’streaks which separate
discontinuous lenses of quartz and feldspar about 0.1 inch thick.

- Kyanite is in thin bladéélgs much as‘1/2 inch long. Quattz and
plagioclase are variable but average about 0.6 mm; quartz is not
sutured, and large grains show moderate undulose extinction. Garnet
is in euhedral grains about 1 mm diameter. Staurolite occurs
as inclusions in muscovite. Mica flakes, especially muscovite may
be several millimmeters long. Biotite isA&ight brown (5YR 5/6).

HO-99 (H-29.5N; 1L4.2W): Medium-dark-gray, weathered brownish-gray, fine-
grained muscovite~plagioclase-biotite-quartz schist., Sample shows
graded bedding, with the biotite-rich portion of a bed grading into
biotite poor. Individual beds are as much as 0.3 inch thick.
Foliation is defined by the splitting plane of the rock, and is at
a high angle to the bedding. Orientation of the biotite flakes is

parallel to the bedding plane near the base of an individual bed,
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and refracted toward parallelism with the foliation plane in the
upper, biotite poor, part of the bed. A strong lineation represents
the intersection of the bedding and foliation. Quartz and plagioclase
are even, fine-grained with an average size of about 0.1 mm; quartz

is not sutured. Biotite is light brown (5YR 5/6).

ST-106 (S-6.4N; 32.1W): Medium-dark-gray, moderately rusty-weathering,
fine-grained biotite-muscovite-quartz schist. Foliation is defined
by planar orientation of the mica plates; muscovite is in coarse
crinkled plates several millimeters long. Quartz and the minor
plagioclase are in fine, even grains which average O.1 mm diameter;
quartz is not sutured and does not show undulose extinction. Clots
of sericite are pseudomorphous after staurolite, though no unaltered
staurolite is left within the area of thé thin section. Biotite is
moderate yellow brown (5YR 5/3).

371137 (S-14.5N; 33.0W): Medium-gray, fine-grained quartzite with minor -
garnet, biotite and plagioclase. Weathered surface is slightly
éusty. The rock is not foliated; in thin section the biotite flakes
are diversely oriented. Quartz grains ;verage about 0.3 mm diameter
and are weakly sutured. Garnet grains are poikilitic, skeletal and

elongate. Biotite is moderate yellow brown (5YR 5/k4).
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METAIGNEOUS ROCKS

The major units of probable igneous intrusive rocks in the Plainfield-
Daﬁielson area are the Canterbury Gneiss and the Eastford Gneiss in the
upper plate of the Lake Char fault and the Sterling Plutonic Group of
the lower plate. The Canterbury and Eastford are pre- or syntectonic
gneisses which occur as sills mostly in the Hebron Formation. The
Sterling gneisses are probably pretectonic rocks, and in the Plainfield-
Danielson area occur as sills in the Plainfield Formation. The Sterling
has been separated into the Hope Valley Alaskite Gneiss and the Scituate
Granite Gneiss on the Plainfield and Danielson quadrangle maps (pl. 2 and
4), but the separation was based primarily on work outside this area
(Feininger, 1965b; G. Moore, personal communication, 1966), as the rocks
are of too limited extent and exposure to be adequately separated within
the area.

A small gabbro sill is exposed in the Plainfield.qﬁadrangle (pl. k&)
within the lqwer member of the Tatnic Hill Formation; The sill is probably
satallitic to the Preston Gabbro south of this area (pl. 1l; fig. 2). Other
probable intrusive rocks in the area are the numerous pegmatite dikes and
sills which occur in all rock units. The largest and most densely spaced
pegmatites occur in the Fly Pond and Yantic Members of the Tatnic Hill
Formation. These are close to the Canterbury Gneiss and may have been
residual liquids from the Canterbury; they would, however, have come off
the base of the Canterbury sill and pegmatites near the top of the sill
are rare and small. Pegmatites in the rest of the area are probably not
related to the Canterbury and may be of diverse origin and age. Most
pegmatites ére foliated parallel to the foliation of the enclosing rocks;

a few small ones are unfoliated.
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Canterbury Gneiss

The Canterbury Gneiss forms a large tabular sill-like body of
light-gray biotite granodiorite which underlies most of the western half
of the Plainfield-Danielson area. It was named Canterbury Granite-Gneiss
by Gregory (in Rice and Gregory, 1906) for the town of Canterbury in the
Scotlandlquadrangle (pl. 5). Snyder (1961) changed the name to Canterbury
Gneiss. The Canterbury occurs primarily in the Hebron Formationm, but
locally cuts down to the Yantic Member of the Tatnic Hill Formation‘and
apparently up into the Scotland Schist (Snyder, 196lLa).

In the Plainfield-Danielson area the Canterbury Gneiss is exposed
in two belts which are apparently continous beneath the Scotland Schist
and the Hebron Formation to form a large, open syncline. The eastern belt
includes the type area of the Canterbury Gneiss and is, in general, similar
in outline to its appeérance on earlier maps (Foye, 1949; Rodgers et
al, 1956 ), but the western belt was iacluded as a part of the Eastford
Gneiss. Mapping in the Haﬁpton quadrangle (pl. 3), however, showed that
the Eastford Gneiss in the northern part of the quadrangle and the Canter-
bury gneiss in the southern part of the quadrangle and.are not continuous
as shown on the earlier maps, but are separated by Scotland Schist and
Hebron Formation. The western belt of Canterbury surrounds the east side
of the Willimantic dome, and is apparently pinched out on the north and
south sides of the dome (see pl. 1). It does not, however, lens out in
the central part of the Hampton quadrangle as shown on the geologic map
(pl. 3), but continues southwest as a thin sill within the Hebron Formation
into the adjacenf Spring Hill (M. Pease, personal communication, 1966) as
shown on plate 6.

The Canterbury Gneiss extends south of the Plainfield-Danielson area
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through the Norwich and Fitchville quadrangles (Snyder, 1961, 196Lka) to
just north of the Honey Hill fault, and after a break in continuity, it
continues southwest above the fault to the Connecticut River (see pl. 1).
Preliminary mapping in the Putnam quadrangle indicates that the Canterbury
is exposed again north of the village of Putnam and continues north into
Mhssachuéetts several miles. Snyder (1967) mapped a large body of
Canterbury on the southeast side of the Willimantic dome. The Canterbury
sill, thus has a north-south dimension of several tens of miles and a
probable east-west dimension of 15 to 20 miles.

The Canterbury Gneiss in the Plainfield-Danielson area has a maximum
thickness of about 1,000 feet. It thins considerably in the southern part
of the Scotland quadrangle (pl. 5) north of the Shetucket River, but
probably does not lens out as shown on the map. More likely the faults
which cut the Scotland Schist to the west are continuous to the southeast
.';nd»offsetlthe thiﬁned Canterbury as indicated on plate 6. The #hickness
of the sill decreases to the west tow;rd the Willimantic dome.

The contact between Canterbury Gneiss and the enclosing Hebron
Formation is poorly exposed, but apparently it is subparallel to the
foliation of both rocks and to the layering of the Hebron. The only known
exposures of the contact are near the western edge of the Hampton quadrangle
where several outcrops include both rocks. The foliation in the Canterbury
is parallel to that in the Hebron and the contact bétween the two cuts
the foliation at a low angle. Inclusions of Hebron, as much as a few feet
long and one or two feet thick, are common near the edges of the Canterbury.
Tﬁe rocks of the Hebron Formation near the Canterbury show no indication
of contact metamorphism, and the distribution of the metamorphic isograds

in the area does not relate to proximity to the sill. Most of the
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Canterbury is surrounded by staurolite-kyanite grade rocks, although on
the western edge of the sill the surrounding rocks are sillimanite grade.
Locally the gneiss is fine-grained near the edges of the sill, but this
is not common, and in places may be the result of cataclasis rather than
a fine-grained border facies.

The common rock of the Canterbury Gneiss is mostly a light-gray,
medium-grained, biotite granodiorite gneiss, although it ranges in
composition from tonalite to quartz monzonite. The gneiss commonly
contains coarse feldspar grains, both microcline and plagioclase, which
average about a centimeter in length and 5 mm in width. The foliation is
defined primarily by subparallel alignment and orientation of biotite
flakes. In some rocks thin quartz and feldspar laminae are parallel to
the bigtite schistosity, but in most of the gneiss the feldspars are
not segregated into laminse. A second plane of biotite aligmment and
orientation ébn be seen {n many rocks. The:prominent foliatiop is in
general parallel to the foliation in the surrounding rocks and to the top
and bottom of the sill. The foliation, thus dips gently west on the east
side of the sill and gently east on the west side. Clusters of biotite
flakes are strung out at the intersection of the two biotite foliation
planes to give a strong lineation which is commonly more prominent than
either foliation plane. The lineation plunges N. 5° to 15° E. at a low
angle, and is locally reversed to a gentle southwest plunge. Thin aplite
sills, 1 to 2 inches in thickness are common near the base of the sill.
Most of the aplites are parallel to the foliation in the gnéiss, though
locally they cross it at a low angle.

Modal analyses of the Canterbury Gneiss are given in table 13. The

common rock of the unit is & biotite-microcline-quartz-oligoclase gneiss,
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Oligoclase ranges from 20 to 60 percent of the rock, and averages 4O percent;
quartz ranges from 20 to LO percent, and averages 30 percent; microcline
ranges from 1 to 40 percent, and averages 17 percent; and biotite ranges
from 1 to 15 percent, and averages 10 percent. Muscovite may locally
constitute as much as 4 percent of the rock, but most rocks contain no

or minor muscovite. Epidote is a common accessory mineral and may con-
stitute as much as 3 percent of the rock, although in most rocks it is

less than one percent. A minor amount of allanite is commonly associated
with the epidote. Other accessory minerals include sphene, apatite,

opaque minerals and zircon, and together they amount to less than 1 percent
of the rock. Garmet is also present locally in accessory amounts.

The rocks of the Canterbury Gneiss most commonly have an even grained,
granular texture. The average grain size varies somewhat, but in most
rocks it is about 1 mm. Plagioclase or microcline may occur in coarse
grains about 1 cm loné'and 5 mm wide. The coarse feldspar -grains commonly
amount to about 10 percent of the feldspar of the rock. Quartz grains
are not sutured in most rock, although local zones of granulated grains
and fine-grained sutured quartz occur in some rocks. Both plagioclase
and microcline commonly contain minor, thin perthitic intergrowths of
the other feldspar. The composition of the plagioclase is An 20 to An30,
and is close to An 25 in most rocks. Minor myrmekitic plagioclase is
adjacent to microcline; less than 5 percent of the plagioclase is
myrmekitic., The coarse myrmekite mantles described by Lundgren (1966a,

p. 7) in the cataclastic Canterbury to the southwest near the Homey Hill
fault do not occur in this area. Plagioclase is not zoned in most rocks,
but in some, particularly those which contain prominent granulated

streaks, it may be complexly zoned from about An 20 to An 30. The



biotite is commonly aligned in two directioms; the more prominent
direction is parallel to the weak lamination of the rock. The streaks
of granulated grains, where present, are commonly parallel to both biotite
directions, but in some rocks they are randomly oriented. The color
of the Z direction is olive gray (5Y) in most rocks, although ﬁear the
margins of the body it is commonly dark yellowish brown (1O0YR). Epidote
occurs both as discrete grains and as oriented inclusions in plagioclase.
Allanite grains, aithough not abundant, may be 5 mm or more long, and
are commonly mantled by euhedral epidote. Muscovite in many rocks occurs
only as oriented inclusions in plagioclase, although in some it forms
discrete flakes aligned parallel to the biotite flakes. The rock is
commonly fresh and shows only minor chloritization of biotite and
sericitization of plagioclase. Cataclastic deformation of the rock is
only locally strong, although minor streaks of granulated minerals were
observed in about half the éamples.s;udied.
Eastford Gneiss

The Eastford Gneiss forms another large sill of light-gray biotite
gneiss, primarily of quartz monzonite composition. It occurs in the northern
part of the Hampton quadrangle (pl. 3) primarily in the Hebron Formation,
but partly adjacent to Scotland Schist. The Eastford Granite-Geniss was
named by Gfegory (in Rice and Gregdry, 1906) for exposures in the town

.

of Eastford. He compared the appearance of the gneiss with the Monson
Gneiss, and Foye (1949) included the Eastford with his Monson. The name
was changed (pl. 3) to Eastford Gneiss. The name Eastford is used here

only for the northern part of the body of Eastford as it was shown on

earlier maps (Foye, 1949; Rodgers et al, 1956), which occurs in the town of
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Eastford. The recent work in eastern Connecticut indicates that the
correlation and comparison of Eastford Gneiss and Monson Gneiss is
not valid as the two rock units are compositionally and structurally
different. In its general composition and mode of occurrence the Eastford
is similar to the Canterbury gneiss, and the two sills are no doubt
genetically related, although it is not clear whether or not they ever
connected to form one body; probably they did not. The Eastford Gneiss
as mapped so far occurs only in the recumbent limb of the Hampton syncline,
and the Canterbury is in the normal limb.

The Eastford Gneiss extends north of the Hampton quadrangle for about
6 miles and southwest of the quadrangle for probably about 3 miles; it
thus has an approximate length of about 15 miles. 1In the thickest part,
across the northern edge of the Hampton quadrangle, the unit has a maximum
apparent thickness of about 3,000 feet. The arm of gneiss in the western
- part of the quadrangle, west of Halls Pond has azéhickness of about 1,560”
feet, and possibly this is about the original thickness of the sill. There
are two foliations in the gneiss, one of which is variable in dip from
horizontal to vertical, and suggests the sill may have.been folded. The
sill trends northwest and apparently dips northwest at a moderate angle,
although the contact with the enclosing Hebron Formation has not been
vobserved. The contact is apparently faultedllocally; the eastern contact
is probably along a fault, and local cataclasis of the Hebron close to
the western contact suggests some faulting along that contact.

The rock of the Eastford Gneiss is primarily a medium-grained, light-
gray biotite quartz monzonite gneiss commonly with a minor amount of
megascopic muscovite. The foliation is defined mainly by orientation and

alignment of biotite flakes; less commonly it is expressed by quartz
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and feldspar rich streaks. 1In most of the rock there are two directions
of biotite orientation. One direction is generally parallel to the
regional foliation, and has a north-northeast strike and a moderate north-
west dip. The other foliation plane is variable in attitude and is
probably the original, or earlier foliation. Much of the Eastford is
fairly poor in biotite and in these rocks either or both foliations are
difficult to see., Clusters of biotite flakes are streaked out along
the intersection of the two foliations to give a strong lineatiom, which
is commonly more prominent than either foliation. The lineation commonly
has a shallow plunge north-northeast. A lens of small-grained, very-light-
gray alaskite can be traced for less than a mile in the northern part
of the Hampton quadrangle, and has a maximum thickness of about 200 feet.
West of Halls Pond, near the western edge of the Hampton quadrangle is a
lens of biotite rich.gganular gneiss; its dimensions were not observed
but it is apparentiy small. - Aplité dikes in the Easfford occur throughout’
the unit, they are as much as a foot thick and may cut the foliation at
a high angle. The aplites are, thus in contrast to thin, corcordant sills
which are observed only near the base of the Canterbury Gneiss. Small
inclusions of an unknown source occur locally in the Eastford. They
are commonly a few inches long and about an inch thick. Most are fine-
grained biotite-quartz-plagioclase gneiss, although a few are amphibolite.
The edges of the inclusions are commonly parallel to the original foliatiom
planes.

An excellent exposure of Eastford Gneiss occurs along a gas line in
the central part of the Hampton quadrangle (pl. 3) where the till has been
scraped off the bedrock for almost a mile across the strike of the regional

foliation. A prominent feature of the unit, which is readily observed
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in the gas line, is small shear zones, commonly no more than 10 feet long,
that fade out into unsheared rocks at either end. The shears bend or
offset both foliation planes, aplites and some pegmatites; they are in
turn cut by other pegmatites and some contain pegmatitic rock along the
shear plane. Less common, and less obvious are thin streaks of finely
granulated or mylonitized rock. These are about an inch thick and tens
of feet long. 1In one place mylonite can be seen to feather out into
apparently ungranulasted rock. The mylonite streaks have a strong northerly
trend; a dip was observed on only one and it was steep to the southeast.
The rest of the Eastford Gneiss is not commonly cataclastic, and only
locally do the rocks show limited streaks of granulation.

Modal analyses of samples of Eastford Gneiss are given in table 13.
Most of the Eastford is a medium-grained, light-gray biotite-microcline-
quartz~oligoclase gneiss. O0ligoclase makes up 30 to 45 percent.of most
rock, and averages about 35 percént; quartz is 25 to 35 percent, and
averages about 30 percent; microcline is 15 to 35 percent and averages
about 30 percent; and biotite is 3 to 10 percent, and is commonly about
5 percent. Much of the Eastford contains 1 or 2 percent muscovite.
Accessory epidote and allanite, which are common in the Canterbury Gneiss,
are rare in the Eastford, while accessory garnet, although not abundant,
is more common in the Eastford than in the Canterbury. Other accessory
minerals include apatite, zircon, opaque minerals, and less commonly
sphene. The lens of alaskite gneiss (table 13, H3-6) consists of a white,
small-grained muscovite-microcline-quartz-oligoclase gneiss with minor
garnet. The alaskite is quite uniform in composition, and contains about
4O percent albite, 30 percent quartz, 18 percent microcline, 12 percent

muscovite and less than 1 percent garnet and apatite. The biotite rich
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granular gneiss (table 13, HO-58) contains about 30 percent biotite and
minor microcline and muscovite. The léns may be an inclusion in the
Eastford, or it may be an example of a "black knot'" referred to by Chayes
(1952) in the New England granites.

The rock of the Eagtford Gneiss is commonly an even-grained,
granular gneiss. The average grain size of the quartz and feldspars
in an individual rock ranges from about 0.5 mm to 1.5 mm, but in most
is about 1 mm. Feldspar may occur locally in coarse graims, but the
euhedral laths which commonly occur in the Canterbury Gneiss are rare.
The composition of the plagioclase is commonly An 20 to An 25. Both
microcline and plagioclase may contain minor, fine, perthitic intergrowths
of the other feldspar. Muscovite in the Eastford commonly occurs as
discrete grains with the biotite. The color of the biotite does not show
the same consistency as in the Canterbury Gneiss. In about half the
samples examined biotite is olive gray (5Y), - and in the othér half it is
grayish brown (5YR). The color differences show no apparent relationship
to position in the body or proximity to the edge of the body. The minor
epidote of the rock occurs only as inclusions in plagioclase, and does
not form discrete grains as in the Canterbury Gneiss.

Age and correlation

Within the Plainfield-Danielson area the age of the Canterbury and
Eastford Gneisses can be established as younger than the Hebron Formation
and the same age as or older than the regional metamorphism. Evidence in
the Fitchville quadrangle (Snyder, 1964a) suggests that the Canterbury
is also younger than the Scotland Schist. Zartman et al (1965) report
a whole rock rubidium-strontium age of 430 + 20 m.y. for the Canterbury

Gneiss, If this number dates the time of intrusion, or of crystallization



of the rock, it would suggest a late Ordovician or early Silurian age.
The whole rock -isochron, however, is based on four samples of Canterbury,
only two of which are from the sill which goes through the town of
Canterbury. The other two samples are from other bodies of gneiss which
are called Canterbury; one is on the west side of the Willimantic dome

in the Columbia quadrangle (Snyder, 1967) and the other is the thin,
detached sill in the southern part of the Fitchville quadrangle (Snyder,
196L4a). The latter is close enough to the Honey Hill fault that much

of the rock is at least partially cataclastic. Further work is needed,
therefore, to determine whether the 430 m.y. age is a reliable age for the
Canterbury. Efforts to obtain a radiometric age for the Eastford Gneiss
have not yet been successful. Zartman (written communication, 1964)
analysed a sample of the alaskite gneiss in the Eastford, and obtained a
380 m.y. number, using an assumed initial Sr®/Sr® ratio of 0.705 (the
same as the Cantq;ﬁéry Gneiss);’ In reporting the ége, however, Zartman -
cautioned that rock of this type that might have its age lowered by
diffusion of Sr into the surrounding rock during metamorphism. It is
also possible that the alaskite is intrusive into, and younger than the
surrounding Eastford Gneiss.

The Canterbury and Eastford Gneéisses are commonly correlated with the
rocks of the New Hampshire Plutonic Series of New Hampshire (Billings,
1956). The composition, mode of occurrence and texture of the rocks are
in géneral similar to the New Hampshire Plutonic Series. The latter
rocks intrude rocks as young as the Littleton Formation, and their foliation
and lineation is parallel to that of the surrounding rocks (Billings, 1956,
p. 127), and thus have been dated as middle or upper Devonian. If Scotland

Schist is correlative with the Littleton Formation, the Canterbury and



Eastford Gneisses must also be middle to upper Devonian.

The Canterbury Gneiss has also been commonly correlated with the
Ayer Granite of Massachusetts (Foye, 1949; Rodgers et al, 1959). Preliminary
work north of the Plainfield-Danielson area, in the Putnam quadrangle,
indicates that Canterbury Gneiss is again exposed, north of the village
of Putnam and is continuous with a belt of Ayer Granite in Massachusetts,
The belt extends from the state line northward to Worcester, and its
composition, mode of occurrence as a sill in Hebron type rocks and
texture indicate that this belt of Ayer is equivalent to the Canterbury.
It is likely, however, that rocks of different ages have been grouped
under the name of Ayer (see Zartman et al, 1965), and how much of the
Ayer as shown on the geologic map of Emerson (1917) is correlative
with the Canterbury Gneiss cannot be determined until more mapping is done
in Massqchusetts.

Chemistry of the Canterbury and.Eastford Gneié;es

Chemical analyses of four samples of Canterbury Gneiss are given
in table 21. The average analysis given in column 5 is the average of
eight analyses, including the four given here and the four given by
Snyder (196L4a) from the Fitchville and Norwich quadrangles. The average
of the eight is very close to the averages of the two sets of four
analyses, and is probably very close to the average composition of the
sill. The analyses of the Canterbury Gneiss are in general comparable to
analyses of the New Hampshiré Magma Series given by Billings and Wilson
(1964). The average analysis of the Canterbury Gneiss is quite similar
to an analysis of the Concord Granite (Billings and Wilsonm, 1964, table 11,

number 13).
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No chemical analyses are available of the Eastford Gneiss for direct
chemical comparison of the two units. 1In general the Eastford Gneiss
contains more microcline and slightly more muscovite, and less biotite
and calcium bearing accessory minerals such as epidote, allanite and sphene.
The differences in microcline and biotite between the two units are
illustrated in figure 6, in which modal ratios of quartz, feldspars and
_biotite in 22 samples of Canterbury Gneiss and 13 samples of Eastford
Gneiss are plotted on triangular diagrams. Although there is some
overlap, the diagrams illustrate the general greater amount of microcline
and lesser amount of biotite in the Eastford Gneiss. The mineralogical
differences between them probably reflect a greater amount of K0 and
less amount of Ca0, FeQ and MgO in the Eastford Gneiss than in the
Canterbury Gneiss. The K50:Nan0 ratio of the Canterbury averages close
to 1; 'in the Eastf;rd Gn;iss it is probably slightly highér.k

6f the eight analyses of Canterbury Gneiss now availabie six are
from the eastern side of the sill, ome is fr?m the western side, and one
is from the disconnected sill in the southwestern part of the Fitchville
quadrangle. The normative.(C.I.P.W.) quartz and feldspar ratios for the
analysed Canterbury Gneiss are plotted in figure T; quartz:orthoclase:
plagioclase are shown in figure Ta and quartz:orthoclase:albite are shown
in figure Tb. The ratios for the gneiss from the southwestern part of
the Fitchville quadrangle are shown by a separate symbol, although in both
diagrams it falls very close to the ratios for the average Canterbury.

In figure Ta the analyses are marked with t, m or b, to indicate samples
collected near the top, middle and bottom of the sill respectively. The
spread of the points between the two feldspars suggests that ratio of

orthoclase to plagioclase is not related to position in the sill. The
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ratios of total alkalies (Kz0+Naz0):FeO:MgO for the analysed Canterbury
Gneiss are shown in figure 8. The points fall along a line indicating
a fairly constant FeO:MgO ratio in the rocks.

The modal analyses (table 13) of the analysed samples of Canterbury
Gneiss agree quite closely with the mesonorms (table 21) calculated
from the chemical analyses, suggesting that there is very little solid
solution in the feldspars. This is also suggested by the scarcity of
perthitic intergrowths of the two feldspars. The Canterbury Gneiss would,
thus, fit into Tuttle and Bowen's (1958 p. 129) category of IIC granites,
subsolvus granites in which the potassium feldspar contains less than
15 percent albite. Tuttle and Bowen suggest that all IIC granites have
been recrystallized subsequent to consolidation. The strong regional
foliation superimposed on an apparently earlier foliation in most of the
Eastford Gneiss aﬁd,much of the Canterbury Gneisé would indicate that

this is a reasonable suggestion for Canterbury and Eastford.
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Canterbury Gneiss:

88-189 (s-32.3N; 4.7W): Medium-light-gray, medium-grained, biotite-quartz-

feldspar gneiss. Foliation is defined by planar arrangement of biotite
flakes parallel to biotite rich, quartz rich and feldspar rich laminae.
In thin section the quartz in the quartz rich laminae is in granular
grains with an average size of about 1 mm and that in the feldspar

rich laminae is in fine grains with moderately sutured boundaries.
Plagioclase is myrmekitic adjacent to microcline. About half the
muscovite is in plates parallel to the biotite orientation and the

rest occurs as oriented inclusions in the plagioclase. Biotite is

olive gray (10Y 3/2). Average grain size is about 1 mm.

H8-109 (H-5.7TN; 25.8W): Medium-gray, small-grained biotite-quartz-

H3-T7

feldspar gneiss. Foliation is defined by planar orientation and
arrangement of biotite flakes, and fine, discontinuous streaks of
feldspar. A second foliation at a high angle to the main one is
defined by streaks of biotite flakes. The thin section shows fine,
discontinuous streaks of granulated grains parallel to both

directions of biotite orientation, but most parallel the more prom-
inent direction. The granulated areas account for less than 5 percent
of the sample; in these quartz and feldspar are fine grained and quartz
is moderately sutured. In the rest of the rock the grains are granular,
with smooth boundaries and an average size of 0.5 mm. Biotite is
grayish olive (10Y 4/2).

(H-27.6N; L.5W): Light-gray, small-grained biotite-quartz-feldspar
gneiss. Foliation is defined by planar orientation and arrangement

of biotite flakes. Fine biotite laminae separate quartz and feldspar

laminae. A weak second foliation is formed by fine, discontinuous

.
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streaks of biotite at an angle to the prominent foliation. Streaks
of biotite flakes give a strong lineation. In thin section fine,
discontinuous streaks of granulation are parallel to both directions
of biotite orientation. In these the very-fine-grained quartz is
strongly sutured. 1In the rest of the rock quartz is in even grainms
with wegk suturing. Plagioclase is myrmekitic adjacent to the
microcline, and some plagioclase is slightly zoned. Most muscovite
is apparently secondary. Biotite is olive gray (5Y 3/2). Average
grain size is about 0.7 mm,

(H-11.3N; 6.6W): Medium-light-gray, small-grained muscovite-biotite-
quartz-feldspar gneiss. Foliation is similar to H3-T, although the
second biotite foliation plane is stronger. Coarse feldspar grains
are as much as 1/2 inch long. 1In thin section areas and streaks

of granplation are in part parallel to the direction of mica
orientati;n and in pdft are randomly oriented. Quartz is strongly
sutured in the granulated areas and weakly sutured in the fest of

the rock. About 5 percent of the sample is granulated. Plagioclase
is slightly myrmekitic adjacent to microcline, and some plagioclase
is complexly zoned from about An 20 to An 30. Grain size is variable,

but averages about 0.5 mm. Biotite is olive gray (5Y 3/2).

$8-115 (S-22.7N; 17.0W): Medium-light-gray, medium-grained biotite-quartz-

feldspar gneiss. Foliation is similar to H3-7, including the second
biotite foliation. Coarse feldspar grains are as much as 1/2 inch
long. The thin section shows only a few, small local areas of
granulation; most of the rock is even grained, with an average size
of about 1.5 mm, except for the coarse feldspar grains. Quartz is

weakly sutured. Myrmekite is prominent around the coarse microcline
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grains; about 15 percent of the plagioclase is myrmekitic. The minor
muscovite is secondary after plagioclase and occurs mostly as oriented
inclusions in plagioclase. Some epidote surrounds medium-sized
allanite grains. Biotite is grayish olive green (5GY 3/2).

S9-9T SS-3.4N; 27.0W): Medium-gray, medium-grained biotite-quartz-feldspar
gneiss, Foliation is well defined by planar orientation of biotite
flakes and of streaks of quartz and feldspar. A second foliation
is defined by streaks of biotite flakes and most of the muscovite
of the rock. The thin section shows streaks and areas of granulation
which account for about 10 percent of the rock; in these quartz is
strongly sutured; quartz in the rest of the rock is not sutured.

Thin granulated shells commonly surround the microcline. The grain
size is variable; in the ungranulated parts of the rock it averages
_about 0.8 mm. Biotite is grayish olive (10Y 4/2).

Eastford Gneiss:

H3-5 (H-L2.2N; 13.3W): Light-gray, small-grsined biotite-quartz-feldspar
gneiss. Two foliation planes are defined by planar orientation and
arrangement of the biotite flakes. Biotite flakes are aligned at the
intersect ion of the foliatioms to give a strong lineation. The rock is
even grained and granular with an average size of about 0.6 mm, and
without streaks or zones of granulation. Quartz boundaries are not
sutured., A minor amount of myrmekite is developed in the plagioclase
adjacent to the microcline. Biotite is olive gray (5Y 3/2).

Muscovite flakes are parallel to both directions of biotite orientation.

H3-57 (H-32.4N; 17.9W): Light-gray, medium-grained biotite-quartz-feldspar
gneiss, The two biotite foliatiomsand lineation are similar to H3-5.
In thin section the rock is also similar to H3-5. Biotite is olive
gray (5Y 3/2). Average grain size is about 1.2 mm.
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HO-105 (H-35.4N; 15.4W): Light-gray, medium-grained muscovite-biotite~

H3-6

quartz-feldspar gneiss. The two biotite foliations and lineation
are similar to H3-5. In thin section, the rock is also similar

to H3-5. Biotite is olive gray (5Y 3/2). Average grain size is
about 1 mm.

(H-42.6N; 13.6 W): Yellowish-gray, small-grained muscovite-quartz-
feldspar gneiss. Foliation is defined by planar orientation of the
muscovite flakes. A possible second foliation at an angle to this
is marked by streaks of quartz and muscovite rich laminae and
feldspar rich laminae, and some muscovite appears to be oriented
parallel to the streaks. Both foliations are difficult to see
because of the uniform color of the rock. In thin section there
are minor thin zones of granulation, in particular around some of
the microcline. Quartz is not sutured, but the quartz-plagioclase
contacts are commonly irregular and coarsely sutured looking.

Average grain size is about 0.5 mm.

- HO-58 (H-32.3N; 32.3W): Medium-dark-gray, fine-grained quartz-biotite-

feldspar gneiss. The rock is granular with a weak foliation plane
defined by subparallel biotite flakes. The sample contains a few

scattered coarse plagioclase grains as much as 1/4 inch long. 1In

thin section the grains are even and granular with an average size

of about 0.3 mm. Quartz is not sutured. Biotite is moderate

brown (5 YR 4/h4).
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Sterling Plutonic Group

The name Sterling Granite-Gneiss was used by Gregory (in Rice and
Gregory, 1906) for a variety of gneissic rocks along the southern and
eastern edge of eastern Connecticut, including those gneisses in the
lower plate of the Lake Char fault in the Plainfield-Danielson area.
Most of the western half of Rhode Island was shown by Emerson (1917)
as Sterling Granite Gneiss. Quinn (1951) and Moore (1958) subdivided
the Sterling of Rhode Island into several units, the largest of which
are the Scituate Granite Gneiss (Quinn, 1951) and the Hope Valley
Alaskite Gneiss (Moore, 1958). Goldsmith (1966) separated the Sterling
gneisses of the area south of the Honey Hill fault into several lithologic
types and changed the name éo éterling Plutonic Group. Some of his
lithologic units are probably equivalent to the named units in Rhode
Island, but he did not apply specific names to them as the units in bis
area have not been mapped continuously into corre;ative units in .
Rhode Island. Feininger (1965b) used the name Hope Valley Alaskite
Gneiss for the alaskitic gneisses in the Voluntown quadrangle, and this
name was used for the continuation of these rocks in the Plainfield
quadrangle (pl. 4). Moore (personal communication, 1966) agreed that
the gneisses in the Plainfield quadrangle are equivalent to the Hope -
Valley, but would designate most of those in the Danielson quadrangle
as Scituate Granite Gneiss, and this name has been used on plate 2.
Probably the Sterling rocks are restricted to the lower plate of the
Lake Char fault; they have not been identified with certainty associated
with the Quinebaug Formation above the-fault, although it is possible
that the cataclastic two feldspar gngisses may be correlative with the

Sterling.



The rocks of the Sterling Plutonic Group are poorly exposed in the
Plainfield-Danielson area, and the majority of those that are exposed are
close to the Lake Char fault and are thoroughly cataclastic. Differences
in mineralogy and texture between the Hope Valley Alaskite Gneiss and
the Scituate Granite Gneiss are, therefore, difficult to see in the
rocks of the area. In the southeast corner of the Plainfield quadrangle
some normal, noncataclastic alaskite gneiss is exposed. The rock is a
pinkish-gray to grayish-orange, medium-grained, weakly foliated quartz-
feldspar gneiss. Quartz rods are aligned to give a pronounced lineation,
which is typical of the Hope Valley Alaskite Gneiss (Moore, 1958). The
alaskite is gradational into a light-gray to grayish-orange, small-grained
biotite gneiss (hvb on plate 4) in which biotite flakes are aligned and
oriented parallel to laminae of quartz and feldspar. The rocks exposed
in the rest of the area are light-gray to pinkish-orange cataclastic
gneisses; The‘segregation of quartz ané feldspar into.altgrn;ting
laminae is more prominent in.the mortar gneisses and mylonite gneisses
than in the noncataclastic gneisses., Coarse orange-pink potassium feldspar
grains are commonly lined up parallel to the laminae. The mylonites are
very-fine-grained, very hard, dense rocks of differing characterigtics.
Many of them are light-greenish gray, thinly laminated rocks and others
are dirty greenish-gray or pale-red diffusely laminated or structureless.
The alaskite mylonite is commonly difficult to distinguish from quartzite
mylonite.

Modal analyses of some of the Sterling Plutonic Group are given
in table 14, The gneisses contain 25 to 4O percent each quartz and
plagioclase, 20 to 35 percent microcline, and O to 5 percent biotite

and muscovite. The alaskite commonly contains muscovite and little or no
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biotite (table 14, P1-218). The biotite gneiss (table 14, P2-215) and
Scituate Granite Gneiss (table 14, D2-277, D2-286) of this area rarely
contain more than 5 percent biotite. The mineral content of the rocks

of the Plainfield-Danielson area, however, are not necessarily typical of
most of the Sterling because of the strong cataclastic deformation of
most rocks. In table 14, only sample P1-218 is a normal, noncataclastic
rock. Accessory minerals include epidote (probably neomineralized from
plagioclase) sphene, apatite, opaque minerals (mostly magnetite) and
minor zircon.

The noncataclastic alaskite gneiss in the southeastern cormer of the
Plainfield quadrangle (table 14, P1-218) is an even-grained, granular rock
with an average grain size of about 1 mm. Quartz grains are not sutured,
and most of them show moderate undulose extinction. The potassium
feldspar is well twinned microcline. The composition of the plagioclase
is about An 20; plaéioclase is not zoned, and contains only minor, thin
perthitic lamellae of potassium feldspar (see plate 12, fig. 1). The
rest of the rocks are mortar gneisses, mylonite gneisses, mylonites and
blastomylonites., The mortar gneisses contain streaks of granulated
quartz and feldspar between laminae of ungranulated small- to medium-
grained quartz and feldspar. As the degree of granulation increases
the granulated streaks merge to become a matrix for the ungranulated minerals,
mainly feldspars (pl. 12, fig. 2). Quartz in the granulated streaks
and matrix is strongly sutured. The coarse feldspar grains adjacent
to the granulated areas have ragged irregular boundaries (pl. 12, fig. L).
In some rocks feldspar grains are broken, and the fractures filled with
very-fine~grained quartz and feldspar. The mylonites are fairly uniform

very-fine-grained rocks containing a few fine-grained feldspars (pl. 12,



fig. 3). 1In many rocks biotite is partially altered to chlorite. Plagio-
clase is also partially altered to sercite, and locally is strongly seri-
citized. Most epidote, muscovite and calcite, all of which occur in minor
amounts in the mylonite gneisses and mylonites, are apparently neo-
mineralized from plagioclase. Both plagioclase and microcline commonly
show irregular, wavy perthitic lamellae of the other feldspar, and
plagioclase may be zoned. Quartz and feldspar in the very-fine-grained
matrix are commonly difficult to distinguish without staining the thin
section for both feldspars, and this was done for all of the moded samples
except P1-218.
Age and correlation

In the Plainfield-Danielson area the age of the Sterling Plutonic
Group can be established only as younger than the Plainfield Formation
and older than the cataclastic deformation. South of this area, the
Stéfiing gneisses form concordant to 10ca11§'cross-cutting sills in
rocks as young as the Monson Gneiss (Goldsmith, 1966), but they have
not been recognized in rocks younger than Monson. In Rhode Island
gneisses equivalent to the Sterling unconformably underlie the
Pennsylvanian rocks of the Narragansett basin (Goldsmith, 1966). Lundgren
(1966a) suggested that some of the concordant sills of the Sterling might
be metamorphosed felsic volcanic rocks of the same age as the Monson
Gneiss, and other parts of the Sterling were intrusive rocks associated
with the middle Ordovician volcanic activity which was the source of the
Monson. The Sterling is, however, comparable in general composition, mode
of o;currence and stratigraphic position of the rocks it occurs with,
to some of the Oliverian Plutonic Series of New Hampshire, which has

been dated as middle or upper Devonian(?) (Billings, 1956). The age
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of the Sterling Plutonic Group is, therefore, middle Ordovician or
younger, and pre-Pennsylvanian.
Chemistry

Chemical analyses of some rocks of the Sterling Plutonic Group are
given in table 21. Analyses 6 to 9 are of cataclastic Sterling from the
Plainfield-Danielson area, and 10 and 11 are of normal, noncataclastic -
Sterling collected by R. Goldsmith in the Uncasville quadrangle
(Goldsmith, 196Ta). The analyses of the cataclastic and noncataclastic
rocks are closely comparable, suggesting there was little if any change
in the chemical composition of the rocks during cataclasis. Analysis T
(P2-179) differs to some degree from the others in that the K50:Nag0
ratio is about 0.5, while in the other analyses the ratio is more thanm 1.
Sample P2-179 shows a greater degree of neomineralization during cataclasis
than the other samples, and possibly this rock lost some Ko0 during
patéélasis. The anomalous potassium content of P2-179 is reflected in -
the quartz-feldspar rafios plotted in figure 7. In figure 8 the total
alkali:FeO:MgO ratios for the Sterling fall on the rather straight line,
indicating a constant FeQO:MgO, and the plot of P2-1T9 is consistent
with the other plots. Thus the loss of K50 in this sample is the only
chemical change suggested by the analyses.

Comparison of the chemical analyses of the Canterbury‘Gneiss and
the Sterling Plutonic Group shows differences which suggest the two
groups of gneisses are not related. The K50:NagO ratio of the Canterbury
is close to 1, and of the Sterling is consistently greater than 1. The
difference is reflected in the quartz and feldspar ratios plotted in
figure 7; the Sterling plots are all (except P2-179) richer in QOr than

the Canterbury plots. The FeO:MgO ratio of the Canterbury is close to 2
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and in the Sterling gneisses is greater than 2 and may be as much as 5.
This difference is shown in the triangular diagram of figure T which .
plots the ratio of total alkalies:FeO:MgO. The plot of one Sterling
analysis from the Uncasville quadrangle falls off the line defined by
the other Sterling plots; this sasmple is fairly high in normative

biotite as compared to the other Sterling rocks.
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Sterling Plutonic Groups:
P1-215 (P-0.2N; T.3W): (Hope Valley Alaskite Gneiss, hvb on pl. L) Medium

light-gray, small-grained biotite-quartz-feldspar mortar gneiss.
Moderate-orange~pink megacrysts of microcline are as much as an
inch long; most are aligned parallel to the biotite schistosity, but
some are at a high angle to it. 1In thin section medium-grained
feldspar is in a fine~ to very-fine-grained matrix of granulated
quartz and feldspar. The matrix makes up about one~third of the
rock, and is streaked out parallel to the biotite alignment between
the coarser feldspars. In the matrix most quartz and feldspar are
too fine grained to distinguish without staining. Quartz is strongly
sutured. Biotite is moderate olive brown (5Y 4/4) and is partially
chloritized. Grain size is variable.

P2-179 (P-21.2N; 8.6W): (Hope Valley Alaskite Gneiss(?) between two slices

"-ﬁéof the lake Char faulff), Brownish~black on the weathered sufiace,
greenish-gray on the fresh surface, very-fine-grained mylonite gneiss.
Cataclastic foliation is a diffuse lamination, with alternating fine
greenish chloritic streaks, gray quartz and feldspar streaks and
discontinuous wider (as much as 0.2 inch) orange-pink streaks of
potassium feldspar. Sample is very hard, dense and difficult to
break with a hammer. 1In thin section the fabric is similar to
P1-215, except that the matrix is over one-half of the rock and
is all very fine grained and the coarser feldspar grains are mostly
small grained. The matrix and aggregates of small-grained feldspar
are streaked out to fdrm to cataclastic foliation. Quartz is strongly
sutured, Biotite is moderate olive brown (5Y 4/L) to green, and is

partially chloritized. Grain size is variable.



D2-277 (D-9.6N; 1.5W): (Scituate Granite Gneiss.) Variegated light-gray,
coarse-grained biotite-quartz-feldspar gneiss. Two foliation planes
are defined by aligmment of biotite flakes and streaks of quartz and
feldspar; both features reflect both planes, but one plane is more
prominent than the other. Linear aggregates of biotite at the inter-
sec;ion of the two planes form a strong lineation. Streaks of
orange-pink potassium feldspar aggregates are over an inch long, and
individual grains, with a good cleavage surface and Carlsbad twins
may be 1/2 inch long. In thin section the coarse feldspar and streaks
of small-grained quartz are in a very-fine-grained matrix of quartz
and feldspar. The matrix makes up about one-fourth of the rock.

Some feldspar grains are broken and the fractures are filled with
very-fine-grained quartz and feldspar. Most of the matrix is
stregked out parallel to the stronger of the two foliations. Quartz
in the matrix is strongiy sutufed; the small-grained quartz is weakly.
sutured. Biotite is in aggregates, commonly with medium=-grained
sphene. Biotite is grayish olive (10Y 4/2). Grain size is variable.

D2-286 (D-29.0N; 0.1W): (Scituate Granite Gneiss.) Grayish-orange-pink,
biotite-quartz-feldspar mortar gneiss. Foliation is defined by

~alignment of thin biotite flakes and discontinuous orange-pink
potassium feldspar laminae. In thin section rock is similar to
D2-277, except that the very-fine-grained matrix makes up over one-half
of the rock. Some feldspar grains are broken and the fractures filled
with very-fine-grained quartz and feldspar or with chlorite. The
potassium feldspar commonly contains perthitic lamellae of twinned
plagioclase. Plagioclase is complexly twinned and is commonly

sharply zoned. Most biotite is chloritized. Grain size is variable.
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P1-218 (P-3.4N; 0.3W): (Hope Valley Alaskite Gneiss.) Pinkish-gray,
medium-grained muscovite-quartz-feldspar gneiss. Sample is weakly
foliated, because of the scarcity of micas. Quartz rods form a strong
lineation but are not laminated to form a foliation. In thin section
the rock is granular with even grained smooth bounded quartz and
feldspar. Quartz is not sutured and shows weak undulose extinction.
The minor biotite is light olive (10Y 5/4). Average grain size

is about 1 mm.



Pegmatites

Dikes and sills of quartz-feldspar rock cut all rock units in thé'
area and are classified here under the general term of pegmatite. The
pegmatites have a wide range in composition, grain size, size of body
and degree of discordance; the most common is a foliated, medium-grained,
light-gray muscovite-biotite quartz monzonite gneiss exposed in an
outcrop 5 to 10 feet-high and tens of feet long, and either concordant
with the host rock or cutting it at a low angle. A special study of the
pegmatites has not been made, and only a brief descriptionlis given here.

The pegmatites range in thickness from a few millimeters to temns of
feet, and in length from a few feet to as much as a thoussnd feet. Many
are too small to be mapped separately, and in general only those greater:
than 5 feet thick are shown on the geologic quadrangle maps. Although
pegmatites are found in a]ll the units throughout the area, they are
locally coécentrated. fhey are most‘abundant and laréest iﬁ the Yantic
and Fly Pond Members of the Tatnic Hill Formastion, and it is rare to
find outcrops of either unit without some pegmatite. One of the largest.
concentrations of pegmatite is in southern Scotland (plate 4) near
Baltic Reservoir. The pegmatite here was mapped as Canterbury Gneiss By'
Gregory (in Rice and Gregory, 1906) ané Foye (1949). Another large |
concentration is in the town of Canterbury near Cory Brook, near the
eastern edge of the Scotland quadrangle. Pegmatites are also locally
abundant near the contact of the Hebrom Formation and Scotland Schist,

as in the southern part of the Hampton quadrangle.
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Modal analyses of several samples of pegmatite are given in table 15.
The range in composition is from hofnblende diorite to granite. The
majority of the rock sampled are quartz monzonite, with approximately
equal amounts of quartz, microcline and oligoclase, and minor biotite
and muscovite; a few pegmatites are hornblende bearing. Accessory minerals
in the pegmatites include garmet, epidote, apatite, zirconm, tourmaline,
sphene and opaque minerals. A few small grains of corundum and minor
calcite are present in the hornblende pegmatites of the Hebron Formation,
Radioactive and rare-earth mineral were reported by the landowner from a
pegmatite in the southern part of the Hampton quadrangle. Variations in
composition of the pegmatites can at present be correlated in only a
general manner with the composition of the host rock. As a rule
pegmatites cutting muscovite schists are muscovite bearing, and those
cutting the calc-silicate gneisses carry biotite and no muscovite. The
most striking correlation of pegmatite mineralogy to that of the host
rock is seen in the pegmatites cutting the garmet-biotite gneiss of the
lower member of the Tatnic Hill Formation. Garnet is a common accessory
mineral in many pegmatites, but in most it is in small (about 1 mm),
sparse grains. In the garnet-biotite gneiss, however, the pegmatites
contain abundant garnet in grains up to 1 cm in diameter. Hornblende
bearing pegmatites were found only near amphibolite in the lower member
of the Quinebaug Formation, and as discordant,‘unfoliated pegmatites

cutting the Hebron Formation.



Grain size of the pegmatites ranges from fine grained to coarse. The
majority of the pegmatites have an average grain size of 1 to 2 mm; locally
they may contain feldspars as much as 3 inches long. Most of the
pegmatites are.foliated, and the foliation is commonly parallel to that
in the surrounding rock. Thus in the discordant pegmatites the contact
between the pegmatite and the host rock is at an angle to the foliation
of both rocks. The foliated pegmatites are most commonly concordant or
slightly discordant. The unfoliated pegmatites are small (rarely more
than 2 or 3 feet thick) and sharply discordant; they are most common as
small dikes in the Canterbury and Eastford Gneisses. The degree of
discordancy and size can be related in a general way to the intenéity of
metamorphism §f the host rock. Pegmatites in rocks metamorphosed to
sillimanite grade are most commonly concqrdant and small, while those
near the sillimanite;staurolite isoérad.ana ﬁithin the staurolite 20ne.
tend to bé more discordant and larger. In the Yantic Member of the
Tatnic Hill the pegmatite locally has penetrated the schist and converted
it to migmatite.

The origin of the pegmatites is open to speculation, and quite possibly
not all originated from the same source. As they cut all rock units of
the area, they are clearly younger than the rocks in which they now occur,
though possibly some of the concordant bodies in the metavolcanic rocks
of the Quinebaug and lowermost Tatnic Hill are metamorphosed felsic
volcanic rocks rather than pegmatite. All pegmatites observed which are
associated with cataclastic rocks are alsd'cataclastic, and probably all
pegmatites are older than the cataclasis. There are threeAmain possibilities

of genesis of the pegmatites: (1) They may represent the residual liquid
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from the Canterbury and Eastford gneisses. The largest bodies and
ccncentr. rions of pegmatites occur near Canterbury Gneiss, and to a
lesser degree near Eastford Gneiss. (2) They may have been sweated out
of the enclosing rocks during metamorphism. This suggestion was |
challenged by Brookins and Hurley (1965) as a possible explanation of
the Middletown pegmatites, west of this area, on the basis of dissimi}ar
Sr (87/86) ratios for the pegmatites and the enclosing Brimfield Schist.
The Middletown pegmatites are late, discordant, unfoliated pegmatites,
and may have a different source than the foliated pegmatites. (3) The
pegmatites may represent remobilized material from lower in the
stratigraphic pile which moved up to the present level during or prior

to regional metamorphism.
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Pegmatite:
>
ST-36 (S-5.1N; 7.7W): Very-pale-orange, small-grained, muscovite-quartz-
feldspar gneiss. Sample has two foliation planeé at an angle of about
250, both defined by orientation of muscovite plates. Rock is slightly
cataclastic and streaks of very-fine-grained, granulated quartz and
feldspar parallel both foliation directions. Quartz grains are
sutured in and near the granulated streaks, and elsewhere have
smooth, angular boundaries. Grain size is variable from very fine
grained to medium. Cuts sillimanite gneiss in the lower member of
the Tatnic Hill Formationm.
///;0-116 (H-32.8N; 25.2W): Light-gray, stained-grayish-orange, medium-grained
} biotite-muscovite-quartz-feldspar gneiss. Rock is weakly foliated;

-/ foliation is defined by orientation of small, sparse biotite flakes.

/.

-

Average grain size is 1.5 mm. Biotite is moderate reddish brown
(10R 4/6)." Cuts Scotland Sch;sé.

HO-28 (H-26.1N; 25.9W): Very-light-gray, medium-grained, biotite-quartz--
feldspar gneiss.' Foliation is weak because of paucity of micas,
and is marked mainly by diffuse feldspathic bands. Average grain
size is 1 mm. Biotite is moderate brown (5YR 3/4). Cuts Hebron
Formationm.

§8-95 (S-16.5N; 4.0W): Pale-yellowish-brown, medium-grained, muscovite=-
biotite-quartz-feldspar gneiss. Foliation is defined by planar
arrangement of micas and feldspar laths. Sample is crossed by 1/8
inch quartz-feldspar band which cross the foliation at a low angle.
Average grain size is 1 mm. Biotite is dark yellow brown (10YR h/a).
Plagioclase is myrmekitic near microcline grains. Cuts Ysntic |

Member of the Tatnic Hill Formationm.



s8-103 (s-24.6N; 0.8W): Light-gray, medium-grained, biotite-quartz-
feldspar gneiss. Microcline forms'megacrysts which average 1/k4 incﬁ
diameter. Foliationiis defined by planes of concentration of
biotite and of feldspars. Average grain size is 1 mm. Biotite
is moderate brown (S5YR 4/4). About 25 per cent of the plagioclase is
myrmekitic, Cuts contact between Yantic and Fly Pond Members of
the Tatnic Hill Formation.

HO-94 (H-25.2N; 20.1W): Black mottled grayish-orange, coarse-grained,
hornblende-plagioclase~quartz pegmatite. Slight yellowish weathering
stain, especially on feldspar. Rock is not foliated. Average g?ain
size-is about 3 mm. Biotite is moderate yellow brown (10YR 5/k).
Hornblende is dusky yellow green (5GY 5/2). Corundum is in fine
(0.2mm) grains, pleochroic from pale blue to moderate blue (5B 5/6).

Cuts Hebron Formation. o .
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Gabbro

A small, céarse-grained gabbro sill is exposed in the Plainfiel&
quadrangle (P. 23.4W; 37.9N). The exposure is 5 feet high and about 50
feet long, and is in the rusty weathering gneiss near the base of the
Tatnic Hill Formation. The gabbro shows no indication of a foliation or
of regional metamorphism. It is a medium-dark-gray rock composed of
about 50 percent labradorite, and 25 percent each hornblende and
diopside, and accessory opaque minerals and apatite. The plagioclase
is somewhat altered, and at least some of the hormblende is after diopside.
This alteration could be a late stage deuteric alteration, but more likely
it is caused by recrystallization during cataclasis., The rocks surrounding
the gabbro sill are mortar gneisses and mylonite, and the gabbro is
probably older than the cataclasis. .Both Loughlin (1912) and Sclar (1958)
described small bodies of gabbro in the Putnam Gneiss west of the main
body of Pres&nxcébbrg. This sill is probgﬁly anétﬂer small Bffshéot»

from the Preston Gabbro.



Quartz veins

Small quartz veins can be observed in many exposures of the Quinebaug
Formation and the lower member of the Tatnic Hill Formation. These
commonly are no more than a few inches thick, and only locally can they
be related to a known fault. The largest vein quartz observed in the
area is in the southern part of the Plainfield quadrangle (P-5.6; 9.TW).
The exposed part of the vein is about 5 feet thick and 20 feet long; this
probably is about the actual thickness of the vein, but it may extend
beyond the exposure for some distance along strike. The vein trends about
due north and dips about 65° W. The quartz is dull white, structureless
and massive. The rock is almost pure quartz; the only impurity is 1 or
2 percent sericite. The thin section shows about TO percent medium-grained
éuartz, mostly with smooth, gngular boundaries, and about 30 percent of a
matrix of very fine-grained sutured quartz. The boundaries of tHe
medium-graiﬂed quartz-are strongly sutured where in contact with the
fine-grained matrix.

In both megascopic and microscopic character the quartz rock closely
resembles the large, massive quartz vein at Lantern Hill in the 01d Mystic
quadrangle to the south. Loughlin (1912, p. 135-141) concluded that the
Lantern Hill mass resulted from silicification of the nearby alaskite of
the Sterling Plutonic Group, as he could trace all stages of replacement
from normal alaskite through partially sericitized and silicified gneiss
into quartz rock containing minor sericite. The partially silicified rock
is cut by numerous veins of comb structure. Similar partially silicified
alaskite, crossed by comb structured veins, is exposed about 1,000 feet
south of the quartz vein in the Plainfield quadrangle. Loughlin (1912,

-

p. 143) suggests that the source of the silica was pneumatolytic solutioms



from the deeper, uncrystallized parts of the Sterling magma. The vein
quartz, however, must be much later than crystallization of the Sterling
rocks and is probably later than cataclasis of the nearby rocks. Loughlin
apparently failed to recognize the strongly faulted nature of the rocks
in the Preston area. Two small faults that he shows on his map just
north of Lantern Hill are along the strike of the long dimension of the
quartz vein, and these faults and the vein probably connect to form a
fairly large north-trending fault. All of the large quartz veins observed
so far, both in the Prestoﬁ area and in this area are associated with
belts of quartzite of the Plainfield Formation and the silica solutionms
may have resulted from partial solution of the quartzite during cataclasis.
Magnetite occurs in several quartz veins which cut the tonalitic
gneiss in the Quinebaug Formation in the Danielson quadrangle (D-38.7N;
10.8W). The veins are commoﬂly about 1 inch thick and are in twﬁ sets;
one set is about.parallél to the foliafion of the gneiss and dips about
10° NW., and the other set is along a joint set that strikes N. 80° E.
and dips 75 to 90° SE. In some veins quartz is associated with fine-grained
magnetite, and in places the vein is pure magnetite. The magnetite does
not ocecur in all veins, but does occur in veins of both sets. The
concentration of magnetite in the veins is not large enough-to_reflect

on the aeromagnetic map (Philbin and Smith, 1966a).



METAMORPHISM

Regional distribution.-~The rocks of eastern Connecticut were

regionally metamorphosed to a medium to high grade probably during the
Acadian orogeny, and the distribution of the zones of regional metamorphism,
so far as they are known, are shown by red lines on plate 1. Subsequent ‘
to the peak of regional metamorphism rocks in the vicinity of the
Honey Hill-Lake Char thrust fault were cataclastically deformed.
Cataclasis apparently started during the waning stages of regional
metamorphism, when the area was still warm enough for garmet, biotite
and amphiboles to recrystallize, and continued over a long period of
time. During the late stages of cataclasis some rocks were retrogressively
metamorphosed to low grade assemblages of chlorite, sericite and-calcite.
The lowest grade of regional metamorphism recognized in eastern
Connecticut is staurolite-kyanite, and rocks of this grade are the
youngest rocks of the area in the cores of major synclines. These
include primarily the Bolton Group of Rodgers et al (1959) in the Great
Hill syncline on the west, and the Scotland Schist and Hebron Formation
in the Hampton syncline in the Plainfield-Danielson area and adjacent
quadranéles north and south. Metamorphic minerals.and mineral assemblages
typical of lower grades have been suggested in the area, but none have
been proven. In the Fitchville quadrangle, Sn&der (1964a) suggested a
local garnet zone in the Scotland Schist where no staurolite was observed.
Local areas of Scotland Schist without staurolite are, however, fairly
common, and it seems likely that the absence of staurolite in the
Fitchville quadrangle is related to the composition of the rock rather
than to lower temperatures. Andalusite was reported by Sohon (1951, p. 8)
from several towns in eastern Connecticut, but none of these occurrences

could be substantiated. For most of the localities (Norwich, Thompson,



Union and Chaplin) he cites Shepard (1837) and for others (Willimantic
and Chester) he cites Dana (1899). Shepard (1837, p. 133), however,
mentions only two localities of andalusite in Connecticut, both of which
are west of the Triassic basin, and Dana, following Shepard, likewise
cites onlﬁ the same two localities. Foye (1949, p. T8) reported andalusite
in the Scotland Schist north of the Shetucket River (Scotland quadrangle)
near the dam. Foye's thin sections and notes are on file at Wesleyan
University and a check of these revealed staurolite but no andalusite in
the samples. Andalusite does occur to the north near Worchester,
Massachusetts, but it is unlikely that there is any in eastern Connecticut.
The rocks in the rest of eastern Connecticut are high grade
metamorphic rocks, and contain mineral assemblages typical of sillimanite
and sillimanite~-potassium feldspar grades. North and west of the Honey
Hill-Lake Char thrust fault the high grade rocks occur in the limbs of
the major synclines and in.dbmgl and antiéiinal coreé; South:of the
Honey Hill fault the isograd between sillimanite and sillimanite-potassium
feldspar grade rocks crosses the Chester syncline at a high angle (Lundgren,
1964), and the core of the Hunts Brook syncline is on the high temperature
side of the isograd (Lundgren, 1966a and b; Goldsmith, 1967a and b). The
sillimanite-orthoclase isograd of Lundgren (1964, 1966a ‘and b) and Goldsmith
(1967a and b) is approximately equivalent to the hypersthene-cordierite
isograd on the Norwich map (Snyder, 1961; personal communication, 1967).
East of the Lake Char fault, in the East Killingly quadrangle, mica-quartz
schists of the Plainfield Formation contain sillimanite, kyanite and
staurolite, and the indications are that in the lower plate of the fault

metamorphic conditions decrease in intensity toward the north.
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The attitude of the isogradic surfaces beneath the ground across
eastern Comnecticut is not clearly understood, but they were probabli
folded during the refolding of the recumbent fold system. In the
central part of the érea (and in tﬁe recumbent limb of the Chester-Hampton
syncline) sillimanite-potassium feldspar grade Brimfield Schist structurally
overlies sillimanite grade Brimfield and Hebron Formation which in turn
structurally overlie staurolite-kyanite grade Hebron and Scotland Schist.
Lundgren (1966b) suggested that the sillimanite-potassium feldspar
isogradic surface is a fairly smooth one, cutting structural and
stratigraphic units from the coast area north to its emergence in the
Brimfield Schist in north central eastern Connecticut. The sillimanite-
potassium feldspar isograd in the Norwich quadrangle, however, is truncated
by the Honey Hill fault (Snyder, 1964a) and does not cross it to connect
with the isograd in the coastal area, as indicated on Lundgren's map
(1966b, fig. 1). Isograds in the area north and west of the Hgney'Hill-
Lake Char fault are not observed to cross abruptly units or structures on
the ground sufface; they are in fact commonly amazingly parallel to the
unit trends. If the surfaces do sharply cut the structures beneath the’
ground, the traces on the surface should somewhere also cut the structures.
In addition, if the isogradic surfaces underground are smooth and continuous,
it would mean that not far below the surface all rocks, including tﬁe
Hebron Formation and probably also the Scotland Schist, must be sillimanite-
potassium feldspar grade, though these units are never observed in this.
high grade on the ground surface, and in the core of the Willimantic
dome even older rocks are lower grade. It seems probable, therefore,

that the isogradic surfaces underground do not sharply cut the structure,

but in general are subparéllel to it, and were folded during the late



stage refolding of the recumbent structure.

Regional metamorphism

The zones of regional metamorphism in the Plainfield-Danielson area;
include staurolite-kyanite, sillimanite and sillimanite-potassium feldspar.
The isograd between the staurolite-kyanite zone and the sillimanite zone
traces through the Yantic Member of the Tatnic Hill Formation (plates 2, 3,
and 5). Rocks west of this line, including the top of the Yantic MEmSer,
the Hebron Formation and Scotland Schist, are on the lower grade side ana
pelitic schists in these units contain either or both staurolite and
kyanite. Another staurolite-kyanite isograd is drawn along the we;tern
edge of the Scotland and Hampton quadrangles through the Scotland Schist
and Hebron. No sillimanite was observed in the Scotland within the
map area, but it does occur in the Tatnic Hill on the west edge of the
Hampton quadrangle (pléte 3), and in Scotland Schist in the Willimantic
ban&'Spring Hiif Quadranglés just,éest of the map area.

The siilimanite grade rocks include the rest of the Tatnic Hill
Formation, the Quinebaug Formation and probably the Plainfield Formation;
Mineral assemblages typical of both sillimanite and sillimanite-potassium
feldspar zones occur in the Tatnic Hill Formation. The isograd between
the two zones on the Scotland and Plainfield quadrangles (plates 4 and 5)
is an extension of the isograd on the Norwich quadrangle (Snyder, 1961), and
is based on the westernmost observed exposures containing sillimanite and
potassium feldspar. It is not therefore equivalent to the isograd drawn
by Lundgren (1964, 1966h and Goldsmith (196Ta and b) in the rocks south
of the Honey Hill fault, as they based the line on the disappearance of
muscovite rather thaﬁ appearance of potassium feldspar. The isograd in

the Plainfield quadrangle is an approximation at best, and it was not
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continued into the Danielson quadrangle. Rocks containing sillimanite
and potassium feldspar with or without primary metamorphic muscovite do
occur in the lower part of the Tatnic Hill Formation. Many of the rocks, 
however, have been cataclastically deformed and contain retrogressive
muscovite produced during cataclasis. In some rocks it is possible to
distinguish primary metamorphic muscovite from cataclastic generation
muscovite, but in many it is not. Another complicating factor in tracing
an isograd in the rocks of that area, is that the isograd has been offéet'
by the numerous northwest trending faults.

The sillimanite-potassium feldspar zonme rocks in the lower part of
the Tatnic Hill Formation are apparently truncated by a thrust fault neaf:
the contact between the Tatnic Hill and the Quinebaug Formation. Rocks
containing aluminum silicate minerals are not common in the Quinebaug
Formation, but do occuf in the Black Hill Member and as scattered lenses

'in the lower member. Sillimanite in these rocks is associated withv
primary metémorphic»muscovite,'ahd apparently all of the Quinebaug,
excep£ pﬁssibly the uppermost part, is in sillimanite-muscovite zone.

If the rocks in the top of the Quinebaug are sillimanite-potassium
feldspar zone, their composition is such that it does not reflect in the 
mineral assemblages.

Mineral assemblages in the metamorphic rocks of the area are liéted'
in three groups in tables 16, 17, and 18. The three groups represent the
two main compositional varieties of metasedimentary rocks, the micaceous
schists and gneisses and the calc-silicate schists and gneisses, and the

metavolcanic rocks and amphibolites,



Micaceous schists and gneisses.--Mineral assemblages in the micaceous

schists and gneisses are given in table 16. These assemblages occur in
the rocks of the Scotland Schist, Yantic Member and lower member of the
Tatnic Hill Formation; and as lenses in the Hebron Formation and the
Quinebaug Formation. Assemblages typical of the staurolite-kyanite,
sillimanite and sillimanite-potassium feldspar zones are recognized in
these rocks. The rocks are fairly low in Ca0 and Naj0, and these compo- :
nents are commonly present only in plagioclase. Assemblages in the rocks
can be represented by phases in the system SiO5-Al505-Fe0-MgO-Kz0-H50, and
can be shown in a Thompson (1957) diagram in which phases in equilibrium
with quartz and muscovite are projected onto the plane MgO-FeO-Alz0q
(£ig. 9). The compositions of the various phases, in particular'garnet
and biotite, have . not been Qetermined. By comparison with rocks of
similar composition and metamorphic grade elsewhere (as in Albee, 1965)
the garnet is most likely betwéen two-thirds and three-fou?ths almandite,
the remainder being mostly pyrobe and grossularite.

Mineral assemblaées in the staurolite-kyanite grade rocks are
illustrated in fig. 9a. Chlorite is a primary phase in the staurolite
zone of some areas, as ih northern New Hampshire, (Green, 1963; Hatch,
1963) and Vermont (Albee, 1965), but it does not appear to be a primary
metamorphic mineral in this area. Chlorite is present in minor amounts
in many rocks, but in all cases appears to be retrogressive after biotite
or garnet,

Assemblages listed in table 16 but which do not fit Qithin.the six
component diagram of fig. Qa are kyani;;-staurolite-biocite-garnet and
kyanite-biotite-garnet. These assemblages are not common but do occur

locally in the Scotland Schist. As suggested by Thompson (1957) these



assemblages may be the result of an additional component, such as Ca0 :
or MnO in the garmet, though the analytical work necessary to establish
this in the above assemblages has not been done. In some of the samples;
however, the kyanite-staurolite-biotite-garnet assemblage is more likely
the result of local inhomogenieties in the rocks. In these samples one
or two of the minerals, most commonly kyanite, are sheathed in muscovite 
and do not occur in close association with the others. Thus using only -
local areas of the thin section, the mineral associations are: kyanite~ -
biotite and staurolite-biotite-garnet.
Mineral assemblages in the sillimanite zone are illustrated in
fig. 9b. These assemblages are most common in the upper and middle part:
of the Tatnic Hill Formation and as lenses in the Quinebaug Formation.
The association staurolite-sillimanite is not uncommon in the lower-gradé
part of the sillimanite zone (see Thompson, 1957; Hatch, 1963), but has
not been observed in‘the report area although the three phase assemblagev
staurol?te-kyanite-sillimanite occurs in a few exposures of Scotland
Schist west and north of the map area. .
In the lower member of the Tatnic Hill Formation are gneisses which
contain associated sillimanite-muscovite-potassium feldspar, and sillimanite-
potassium feldspar. The latter is mostly in the garnet-biotite gneiss
unit and less commonly in the rusty weathering gneiss unit near the base of
the formation, and is common%y interlayered with muscovite bearing rocks.
The muscovite in some of these rocks formed as a result of recrystallization
during cataclasis, and it is not always possible to distinguish late musco-
vite from primary metamorphic muscovite in thin section. In the Norwich
quadrangle Snyder (1961) outlined a metamorphic zone based on occurrences of

cordierite and of hypersthene in the gneisses of the Tatnic Hill Formation.
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This zone is approximately equivalent to the disappearance of muscovite
from the sillimanite-muscovite-potassium feldspar gneisses (Snyder,
personal communication, 1967). Cordierite has not been observed in the
Plainfield-Danielson area, but hypersthene bearing rocks occur locally

in the garnet-biotite gneiss unit (sample P1-98, table T), and diopside
is present in éome of the interlayered amphibolites of this unit and the
rusty weathering gneiss unit. Snyder (1961) also recorded kyanite in some
rocks in the hypersthene-cordierite zone, and in the Plainfield-Daéielsoﬁ
area kyanite is present in some rocks of the garnet-biotite gneiss and
the rusty weathering gneiss. Some of the kyanite bearing rocks also
contain sillimanite (sample D3-90, table T) and others do not. The
presence of kyanite in the high grade rocks may be an inﬁication.of the
high pressures which sgbsequently resulted in cataclasis,

The major problem involved in defining the limits of the high grade.
zones in.the Tatnic Hill Formation is apparently due to recrystallizatioﬁ
accompanying cataclasis. Interlayered cataclastic rocks, including mortér
gneiss, mylonite and blastomylonite,.are most common in the rocks east |
of the sillimanite-potassium feldspar isograd as it is drawn on the
Plainfield and Scotland maps (plates 4 and 5). Also approximately
coincident with the sillimanife-potassium feldspar isograd is a change
in biotite color from yellow brown to olive brown. The change is not
consistent, that is olive-brown biotite is more common than yellow brown
east of the line, and less common than yellow brown west of the line. The
change is, however, the reverse of that observed in biotites of other |
areas (see Lundgren, 1966b; Engel and Engél, 1960), where color changes

go from green brown to yellow brown to red brown with increasing meta-
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morphic grade. Red-brown biotite is quite rare in the Plainfield-
Daniel;,n area, and has been observed only in a few samples of the rusty
weathering gneiss at the base of the Tatnic Hill. The color change of
the biotite is, therefore, probably due to recrystallization during
cataclasis. Variation in the composition of the plagioclase is probably
another effect of late crystallization. In the higher grade rocks .
which show n; indication of cataclasis, plagioclase is commonly about

An 40, but in the recrystallized mortar gneisses it is less calcic.
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Table 16: Mineral assemblages in micaceous schists and gneisses

STAUROLITE-KYANITE ZONE
(Assemblages with quartz and muscovite)

Oligoclase-biotite (9) Ty,s Oligoclase-garnet S
Oligoclase-biotite-garnet (8) Ty,s Oligoclase-staurolite-kyanite Ty (1)
Oligoclase-biotite-garnet=- Biotite S
staurolite (%) Ty,s Biotite-garnet s (8)
Oligoclase-biotite-garnet- Garnet S
staurolite-kyanite S Kyanite H
Oligoclase-biotite-kyanite (7) s Oligoclase-staurolite~
Oligoclase-biotite-garnet- kyanite-biotite S (6)
kyanite S
SILLIMANITE ZONE
(Assemblages with quartz and muscovite)
Oligoclase-biotite Ty, Ts, Tbm
Oligoclase-biotite-garnet (%) Ty, Ts, Tb, Tr, Tbm, Qb
Oligoclase-biotite-sillimanite (3) Ty, Tbm, Ts, Ql, Qb
Oligoclase-biotite-sillimanite-garnet (2) Ty, Ts, Tr, Q1
Oligoclase-biotite-K feldspar (6) Tbm, Ts, Tb
Oligoclase-biotite-K feldspar-garnet (5) Tbm, Ts, Tr
Oligoclase-biotite-K feldspar-garnet-sillimanite Ts, Tb
Oligoclase Tbm, Tb, Tr
Oligoclase-garnet Qb
(Assemblages with quartz, without muscovite)
Oligoclase-biotite Tbm, Ts, Tb
Oligoclase-biotite-garnet Ts, Tb, Tr
Oligoclase~biotite-sillimanite Tbm, Ts
Oligoclase-biotite-sillimanite-garnet Ts, Tb
Oligoclase-biotite~K feldspar Tb
Oligoclase-biotite-K feldspar-garnet Ts
Oligoclase-biotite-K feldspar-sillimanite-Garnet Tb, Ts
Oligoclase-biotite-K feldspar-kyanite-garnet Tb
Biotite-garnet Tb, Ty
Oligoclase-biotite-kyanite-garnet : Tb
Andesine-biotite-hypersthene Tb
(Assemblages without quartz or muscovite)
Oligoclase-biotite-garnet-kyanite-sillimanite Tr
Biotite-kyanite Tr
Most common assemblages
Index to units:
§---Scotland Schist Quinebaug Formation
H---Hebron Formation Qb--Black Hill Member
Tatnic Hill Formation Ql--lenses in lower member
Ty--Yantic Member
Tbm-biotite-muscovite schist, lower member Numbers refer to assemblages
Ts--sillimanite schist, lower member illustrated in Figure 14.

Tb--garnet-biotite gneiss, lower member
Tr--rusty weathering gneiss, lower member



Assemblages

Kyanite-staurolite
Kyanite-staurolite-garnet
Staurolite-garnet
Staurolite-garnet-blotite
Staurolite-biotite
Kyanite-staurolite-biotite
Kyanite-biotite
Garnet-biotite

0= OV WO

z
©
O

Biotite

Sillimanite~-garnet o
Sillimanite-biotite-garnet
Sillimanite-biotite
Biotite-garmet

. Biotite- K feldspar~-garnet
. Biotite- K feldspar

Al203

O\ £\ O s

Biotite

6 «x

Figure 9.--Mineral assemblages with quartz and muscovite in the system
Si05-A1503-Mg0-Fe0-Ko0-Hz0 in eastern Connecticut., (After
Thompson, 1957; plagioclase may also be present.)
(a) staurolite-kyanite zone
(b) sillimanite-muscovite zone
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Calc-silicate rocks.--Mineral assemblages in the calc-silicate rocks

are listed in table 17. These assemblages occur in rocks of the Hebron
Formation, the Fly Pond Member of the Tatnic Hill Formatiom, the Black
Hill Member of the Quinebaug Formation and as lenses in the lower member
of the Tatnic Hill and the Scotland Schist. Compared to the micaceous
gneisses these rocks are richer in Ca0, FeO and MgO, and poor in K50
and Aly03. Potassium minerals such as muscovite and potassium feldspar
are rare in the Hebron and Tatnic Hill rocks, but muscovite is common
in the Black Hill Member. The rocks typically are composed of various
combinations of biotite, amphibole, epidote and less abundantly calcite,
diopside and scapolite. Actinolite is the most common amphibole. Garnet
is rare in the calc-silicate rocks of this area, but may occur 1dca11y
as an accessory minefal in the Hebron. Most of the garnet in the Hebron
'is a light yellowish brown, and is probably riqh in grossglarite; in some
of the biotite-plagioclase-quarti.échist, howe&er, the garﬂet is.msderate
red and is probaSly fairly rich in almandite. In table 23 garnet is
listed in the assemblages only for thé rocks in which it amounts to more
than 1 per cent of the sample; it may be present in almost any of the
other assemblages, but only as one or two small grains in a thin section.
Most of the calc-silicate rocks are in the staurolite-kfanite and the
sillimanite-muscovite grades of metamorphism, though some of the lenses in
the lower Tatnic Hill may be within the sillimanite-potassium feldspar
grade. The calc-silicate rocks of the Tatnic Hill Formation are all within
the sillimanite grade, while those of the Hebron are primarily im staurolite~
kyanite grade. There does not appear to bé any distinctive difference

in the mineral assemblages of the two metamorphic grades which would

distinguish them. As a general rule diopside is more common in the



Table 17: Mineral assemblages in the calc-silicate rocks

(Assemblages with quartz and andesine)

STAUROLITE-KYANITE ZONE

With calcite

# Biotite

Biotite-actinolite

Actinolite-epidote

Biotite-epidote

Actinolite-epidote-diopside-
scapolite

Actinolite-epidote-scapolite

Biotite-actinolite-epidote~
scapolite

Biotite-actinolite~-epidote

Biotite-muscovite-garnet
Biotite-muscovite

Biotite-actinolite-garnet

Actinolite-biotite-epidote

Biotite-epidote
Actinolite-epidote-biotite~
scapolite

Biotite-muscovite
Biotite-muscovite-epidote

# Most common assemblages.

o o mmme

oo o

Without calcite

# Biotite

# Biotite-actinolite

# Actinolite-epidote
Biotite-epidote

Actinolite-epidote-diopside-~

scapolite

Biotite-actinolite-epidote-~
diopside-scapolite

Epidote
Actinolite

Actinolite-epidote-scapolite
Biotite-actinolite-epidote-

scapolite

# Biotite-actinolite-epidote

Biotite-scapolite

Biotite-muscovite-garnet

Biotite-muscovite
Actinolite-garnet

SILLIMANITE ZONE

Tc

H,

Qb

Actinolite
Actinolite-biotite
Actinolite-epidote

%* % %

diopside
Qb Biotite-epidote

Actinolite-epidote-biotite~-

scapolite

Actinolite-epidote~-diopside~

scapolite

Actinolite-biotite~diopside

Actinolite~diopside

Actinolite-~-biotite-diopside-

garnet

Actinolite-epidote-diopside-

garnet

Biotite~diopside-epidote
Qb _ Actinolite-biotite-garnet
Biotite-muscovite-garnet

Key to Units:

H--~Hebron Formation
S~--Lenses in Scotland Schist

Actinolite-biotite-epidote
Actinolite-epidote~diopside
Actinolite-epidote-biotite-~

o ommme

-
7]

todod M obd i oo i

Tf
Tf£,Tc,Qb
Tf
T£,H,Qb
TE

T£,H

T£,H,Qb

H,Tc

Tc
Tf,Tc

Tc

Tf
Tc
Tc

Qb

Tf--Fly Pond Member of Tatnic Hill Formation

Tc--Lenses in Tatnic Hill Formation

Qb--Black Hill Member of Quinebaug Formation
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sillimanite grade rocks and calcite, epidote and garmet are more abundant
in the staurolite-kyanite grade rocks. These differences may, howevef, be
the result of differences in bulk composition rather than temperature=-
pressure differences during crystallization. Possibly detailed mineral
analyses, specifically of the biotites and hormblendes, and possibly |
epidotes, in rocks of the two metamorphic zones would give indicatioms
of differing temperature-pressure conditions of recrystallizationm.
Metavolcanic rocks and amphibolite.--Mineral assemblages in the
metavolcanic rocks and amphibolites of the Quinebaug and Tatnic Hill
Formations are given in table 18. These rocks have a wide variation in
composition, from rocks of granitic composition through hornblende diorité
and amphibolite. The majority of the rocks are rich in calcic aﬁd mafic -
minerals, such as biotite, hornblende, epidote and less commonly diopsidé.
Most of the rocks of the Quinebaug Formation @ere probably deposited as
volcanic sediments; though some perhaps were reworked volcanic rocks. A
few lenses of sillimanite gneiss in the Quinebaug, of apparent sedimentary
origin, have been included in table 16, and possibly some of the biotite-
or muscoyite-biotite-quartz-plagioclase gneiss is also of sedimentary
origin. These rocks are, however, interlayered with the metavolcanic
rocks on a small scale, and those of volecanic origiﬁ cannot be distinguished
from those of sedimentary origin. The amphibolites are of mixed origin;
those in the Quinebaug Format§on are most likely of volcanic origin while
at least some of those in the Tatnic Hill are of sedimentary origin. The
compositions of both varieties are in general similar, except that thase
of sedimentary origin are more likely to_contain quartz and biotite. The
tonalite gneiss unit in the northern part of the Danielsoﬁ quadrangle is

the only mappable unit of original felsic volcanic rocks.
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Table 18: Mineral assemblages in the metavolcanic rocks

and amphibolites

SILLIMANITE ZONE
(Assemblages with quartz and plagioclase)

Biotite

Epidote

Hornblende

Biotite-hornblende

Biotite-epidote
Biotite-hornblende-epidote
Hornblende-epidote
Biotite-potassium feldspar
Epidote-potassium feldspar
Biotite-epidote-potassium feldspar
Hornblende-epidote~-potassium feldspar
Biotite-epidote-muscovite
Biotite-hornblende~-epidote~-muscovite
Biotite-epidote~muscovite-garnet
Biotite~-muscovite
Biotite-hornblende-garnet
Biotite-muscovite-potassium feldspar
Biotite-epidote~garnet
Biotite-garnet
Hornblende-epidote-garnet

(Assemblages without quartz)

Hornblend= .
Plagioclase-hornblende-epidote
Plagioclase-hornblende~biotite-epidote
Plagioclase-hornblende~epidote~potassium feldspar
Plagioclase-hornblende-diopside
Plagioclase-hornblende-epidote-anthophyllite
Biotite-hornblende-epidote-diopside-scapolite
Plagioclase-hornblende-epidote~-diopside-scapolite
Plagioclase-hornblende-epidote=-scapolite

Most common assemblages.

.
’

Key to units: Qu--upper member of the Quinebaug Formation
Ql--lower member of the Quinebaug Formation

Qg--tonalite gneiss in the Quinebaug Formation

Ql, Qu
Qu, Q1

Qu, Q1, Ta
Qu, Q1
Qu, Q1
Ql, Ta
Qu, Q1

Qu, Q1
Ql, Qg

Ql, Ta

Qu

Ta

Qu, Q1

Qu

Qu

Q1

Qu

Qu _
Qu, Ta

Ta--amphibolite lenses in the Tatnic Hill Formation



The lenses of sillimanite-muscovite gneiss in the Quinebaug Formation
indicate that most of the unit was metamorphosed to sillimanite grade, and
all the assemblages listed in Table 18 are considered to be of sillimaniée
grade. Most of the rocks in the lower member of the Quinebaug and many
in the upper member were cataclastically deformed subsequent to tﬁe
regional metamorphism. The assemblages listed do not include those from
rocks which were recrystallized during cataclasis so far as it was possible
to distinguish them, Thus muscovite ma} occur with almost any of the
assemblages listed, but is included only with those in which it appeared
to be a primary metamorphic mineral. Other minerals, such as garnet,
hornblende, epidote, and less abundant scapolite appear to have crystallized
both during regional metamorphism and during cataclasis, and in thin
section it is commonly difficult to determine which. It is possible that
detailed analytical work on these minerals would show compositional
diffe?ences between minerals of the two generatio%s by which they might

be distinguished.

Cataclastic deformation

Subsequent éo the peak of thermal metamorphism many of the rocks in
" the eastern half and locally some in the western part of the Plainfield-
Danielson area were cataclastically deformed. Cataclasis is related
primarily to movement on the Lake Char thrust fault and on smaller thrust
faults in the upper piate and, less commonly, the lower plate of the Lake
Char fault. The rocks most commonly and most strongly affected by
cataclasis include the Sterling Plutonic Group, the Plainfield Formationm,
Quinebaug Formation and the lower member of the Tatnic Hill Formation;

local areas of cataclasis are observed in the upper part of the Tatnic



Hill, the Hebron Formatiom, Scotland Schist and Canterbury Gneiss.

The mineralogy and fabric of the cataclastic rocks vary considerably
depending on the composition of the original rock, on the degree of
granulation, and on the degree of recrystallization and of neomineralization
during cataclasis. The mineral assemblages of the cataclastic rocks,
with the exception of those which have been strongly neomineralized,
are typical of sillimanite grade rocks, but the textures are not. The
noncataclastic rocks of the area are commonly granoblastic schists and
gneisses having a fairly uniform grain size which averages 0.5 to 1 mm
diameter. Grain boundaries are smooth and angular or slightly rounded,
depending on the mineral.. Quartz grains may show weak undulose extinction,
but it is not prominent, and the grain boundaries are smooth, noﬁ sutured.
Plagioclase grains are not zoned, are not perthitic, and show simple
_twinning, most commonly albite and periciine (plate 7, fig. 1; pl. 9,
fig. 1 and 2; plate 12, fig. 1). :

In megascopic appearance the cataclastic rocks are commonly darker
and more thinly laminated than the corresponding noncataclastic rock.
Cataclastic rocks poor in mafic minerals, such as alaskite or quartzite,
are about the same color as the noncataclastic variety, or are pale green
or pink. Fine scale lamination is séen in many of the mylonites, though
in some, especially some of the mylonite gneisses which resulted from
granulation of originally massive rocks, little or no lamination is seen
across several feet of rock. The cataclastic rocks are typically very hard,
tough and difficult to break with a hammer. They break first along fracture
surfaces of the rock, and further breakage is as thin comcoidal flakes,

rather than along lamination or foliation plamnes.
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Examples of progressive granulation of various rocks are illustréted
in the photomicrographs of plate 7, 8 (Plainfield Formation), 9, 10, 11
(Tatnic Hill Formation), 12 (alaskite gneiss of the Sterling Plutonic A
Group), and 13 (lower member of the Quinebaug Formation). Details of
some features of the cataclastic rocks are shown in plates 14, 15, 16, and
1T7.

Cataclastic breakdown of the rock is commonly reflected first in the
ﬁuartz grains. Quartz may show any or all of: (1) reduction of moderate
size gr;ins to streaks of very-fine graims or to a %ery-fine-gr#ined
matrix, (2) increase in intensity of undulose extinction, (3) increase
in complexity of suturing of grain boundaries, and (4) elongation of
grains. In the mortar gneisses, quartz grains are variable in size
from very-fine grained to the moderate to coarse grain seen in non-
cataclastic rocks (pl. 10, fig. 1 and 2). With increasing intensity:of
granulation, all quartz grains are very fine grained. RecrYstallizagion
of quartz during cataclasis is indicated both by elongation of'the grains
in some rocks and more commonly by suturing of quartz boundaries. |
Inducement 6f strong undulose extinetion in the grains apparently preceded
breakage and recrystallization. In plate 17, figures 1 and 2 the aggregate
of grains enclosed in the circle probab1y~represent.one original grain.
which was about 0.5 mm diameter. Recrystallization and suturing took
place within the grain as it fractured as well as along the edges of the
grain., The shérp line of extinction around some grains is the result °f,
interference of overlapping grains. In some of the cataclastic rocks
quartz grains were granulated with little or no recrystallization, resulting
in fairly angular grains (pl. 10, fig. 3 and 4), but more commonly the quartz

is sutured, and the degree of suturing in gemeral increases with the degree
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of cataclasis (pl. T, fig. 4; pl. 8; pl. 11; pl. 1T, fig. 1, 2, and 3).
Elongation of the quartz grains is most commonly observed in cataclasfic
quartzit2 and quartz rich schist (pl. T, fig. 2 and 3; pl. 8, fig. 3 and
4; pl. 17, fig. 4). Quartz inclusions in poikilitic grains, such as
garnet and hornblende, commonly show smooth boundaries and a lack of
undulose extinction, in contrast to the quartz in the groundmass of the
cataclastic rock (pl. 15, fig. 4).

The breakdown of biotite apparently started soon after that of quartz.
Biotite is comminuted either to streaks of very-fine~grained biotite with .
quartz (pl. 9, fig. 3 and 4; pl. 10, fig. 1 and 2) or to a very-fine-
grained network in the rock matrix (pl. 10, fig. 3 and L4; pl. 15,'fig.‘l
and 2; pl. 16). Most of the biotite probably recrystallized duriﬁg
granulation. This is suggested by color variations in the biotite and
by the scarcity of bent flakes or kink bénds. The color of the biotite
in the cataclastic rocks vagie;'from yellow brown (tyﬁical’of the non-
cataclastic gneisses) to olive brown to green, and in many rocks the
color is variable within a thin section. The green biotite of the
cataclastic rocks is distinguished from chlorite only by the high
birefringence. Minor amounts of chlorite occur with the biotite in many
of the cataclastic rocks, and in the blastomylonites almost all biotite
is altered to chlorite.

Most of the cataclastic rocks in the Plainfield-Danielson area
contained little or no muscovite prior to cataclasis, either because of
grade of metamorphism or because of cquosition. Muscovite which is
present in many of them now is apparently the result of recrystallization
during cataclasis. Lundgren (1963) describes augen of bent muscovite
flakes in the blastomylonites along the Honey Hill fault and bent

muscovite does occur in some rocks of the Quinebaug Formation. This suggests
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muscovite is fairly resistant to granulationm.

Amphiboles are moderately resistant to cataclasis. The grains do
not break along cleavage planes, but rather are ground off along
grain boundaries (plate 13, fig. 1 and 2; plate 1ll; plate 15, fig. 4).
Thus the edges of the grains become ragged and irregular and grains
become progressively smaller with increasing intensity of granulation.
Fine-grained euhedral amphibole in some of the cataclastic rocks
suggests that some amphibole recrystallized during cataclasis (plate 13,'
fig. %; plate 17, fig. 4). The ground off fragments of the amphibole
grains are commonly neomineralized to épidote, actinolite, chlorite and )
sphene. In the’blastomylonites (plate 13; fig. 4) all amphibole is |
neomineralized to chlorite, epidote and sphene. '

The feldspars are the most resistant to granulation of the common
rocks forming minerals, and potassium feldspar is more resistant ‘than
plagioclase. As with the aﬁphiboles, the feldspars éo'hot commonly break
along cleavage planes, and only in the most strongly cataclastic rocké
are the grains fractured and broken. Plagioclase grains in many cataclaétic
rocks are ground off along grain boundaries and the fragments mixed with
fine-grained quartz are strung out from the core grains (plate 11). In
the mylonite .gneisses porphyroclasts of both plagioclase and potas;ium
feldspar may be broken and the fractures filled with very-fine-grained
quartz and feldspar (plate 16). The Carlsbad twin plane in the potassium
feidspar porphyroclasts is commonly a plane of fracture filled with
very-fine-grained quartz and feldspar (plate 12, fig. 4; plate 16, fig. 3).
Compositional changes in the plagioclase during cataclasis are indicated
by several factors: (1) exsolution of potassium feldspar as fine grainms

in or adjacent to the plagioclase grains, rarely as perthitic lamellae,



(2) rounded blebs of quartz included in the plagioclase grain (quartz
inclusions in plagioclase in noncataclastic rocks are commonly angular),
(3) epidote, sericite, and muscovite in plagioclase and small epidote
grains around the edges of the plagioclase grains, (i) zoning of grainms
of moderate to coarse size (plate 13, fig. 1), and a variation in
composition from andesine to almost pure albite within a given thin
section. Thus the plagioclase loses the potassium and calcium components
and trends in composition toward albite. Potassium feldspar grains in
the mylonite gneisses also show exsolved plagioclase in irregular, wavy
streaks (plate 16, fig. 2 and L4). Plagioclase grains in many of the
cataclastic rocks show complex twinning, in contrast to the simple
twinning in the pagioclase of noncataclastic rocks. Broken plagioclase
grains, with bent twin lamellae, are not common, but are seen in some
rocks (plate 10, fig. 1 and 2; plate 16,.fig. L), |

Garnet is also stroﬁély resistant to éranulation, although its
resistance is variable. Indications of broken grains (plafe 11, fig. 3
and 4) or of granulagion along the grain boundaries are rare. More
commonly euhedral garmet grains with little or no suggestion of breakage
occur in a fine-grained cataclastic matrix (plate 15, fig. 1 and 2), or
garnet grains are partially to completely pseudomorphed by chlorite and
sericite (plate 10, fig. 3 and 4). Some garnmet apparently grew during
cataclasis. In the cataclastic rocks of the Quinebaug Formation, euhedral
gafnet grains occur locally in the plane of cat#clastic foliation, and
must have grown during cataclasis.

The sequence from noncataclastic rock to mylonite differs somewhat
depending on the rock. In most rocks incipient mylonitization is shown in

the mortar gneisses as discontinuous streaks of very-fine-grained minerals,



primarily quartz and biotite, between bands of ungranulated minerals
(plate 10, fig. 1 and 2). The partially granulated rocks typically
show and extreme variation in grain size. - As the degree of granulation
increases and the rocks become mylonite gneisses, the streaks merge to’
form a matrix for the ungranulated grains, mainly feldspars, hornblende,
garnet and in some rocks sillimanite (plate 9, fig. 3 and 4; plate 11;
plate 12, fig. 2 and 4; plate l4; plate 15). The mylonites are thorouéhly
granulated to a very-fine-grained rock with a few slightly coaréer grains
of feldspar or garnmet (plate 10, fig. 3 and L4; plate 12, fig. 3). In
most of the mylonite gneisses and mylonites, quartz and feldspar in the
matrix are so fine grained that they cannot be distinguished without
staining the thin section. Monomineralic rocks, as quartzite, show
progressiveldiminution in grain size with increasing granulation, rather
than streaks of granulated minerals (plate T).

Cataclastic deformaéiéﬁ was accoﬁpanied by g?bwth of.new mineréls,
recrystailization of pre-existing minerals with little or no change
in composition, and neomineralization of pre-existing minerals to form
new minerals, Growth of new minerals (mainly garnet and some amphibole)
and recrystallization of quartz, biotite and amphibole probably took
place in the early stage of cataclasis while the area was still fairly
hot. As the area cooled, recrystallization involved greater changes
in the composition of the mimerals resulting in the green biotites;
actinolitic amphibole, exsolution of potassium feldspar from plagioclase,
and breakdown of the plagioclase to epidote, quartz, and a more sodic
plagioclase. Neomineralization and the formation of blastomylonites
took place late in the cataclastic deformation, and was apparently

controlled by the availability of water, Neomineralization resulted in



formation of chlorite from biotite, epidote, chlorite, sphene and probably
calcite from hornblende, sericite, muscovite, epidote, quartz and caicite
from plagioclase, sericite and muscovite from potassium feldspar, and
sericite and chlorite from garnet. Completely neomineralized blasto-
mylonites are rare, and are observed only adjacent to the fault planes,
along which water could have moved. In plate 13, sample P2-381 in fig. 4
was collected a few inches above the exposed Lake Char fault plane, PN65-A
about a foot above the fault plane, and PN65-B about 3 feet above the
fault. Sample P2-381 is almost completely neomineralized,‘while PN65-A
and B show very minor neomineralization, although in PN65-A hornblende

has almost completely recrystallized to an actiﬂolitic amphibole. It

is possible the neomineralization was a late hydrothermal alteration
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