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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,



xii

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 cor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>