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GEOLOGY OF THE BRIDGEWATER QUADRANGLE
AROOSTOOK COUNTY, MAINE

By Louis Pavres

ABSTRACT

Glacial deposits of various types cover most of the Bridgewater quadrangle
in eastern Aroostook County, Maine. Outwash that has a thin modified upper
zone and apparently rests directly on bedrock underlies most of the eastern
part of the quadrangle. Till has been recognized only locally in the western
part of the area. Ice-contact deposits occur chiefly in the southwestern part of
the region where kame and kettle topography typifies kame fields and narrow
sinuous, interrupted ridges (eskers) are distinctive of ice-channel fillings.

Postglacial surficial features include swamp deposits, disrupted stream pat-
terns, and a shallow weathering profile normally consisting of three zones with
gradational boundaries. The drift in the region is probably Cary, and the
area possibly was deglaciated more than 11,000 years ago.

Weakly metamorphosed sedimentary rocks underlie most of the Bridgewater
quadrangle; the most extensive of these is the Meduxnekeag Formation of
Ordovician age. The oldest unit recognized in the Meduxnekeag is composed
of graywacke and slate. Conformably above this unit is the ribbon rock mem-
ber consisting mostly of quartzose, argillaceous, or relatively pure limestone
beds separated by layers of gray-green to green slate or shale. Enclosed within
the ribbon rock member are numerous lenses of slate or slate and graywacke.
Conformably overlying parts of the ribbon rock member is a green and gray slate
member, which apparently thickens to the west. (Note: Recent fieldwork indi-
cates a Middle Ordovician to Early Silurian Age for the ribbon rock member of
the Meduxnekeag Formation.)

Slate and conglomerate that crop out in a small area in the northwest part
of the Bridgewater quadrangle are assigned to the Nine Lake Formation of
Silurian or Ordovician age. Tuff, volcanic breccia and conglomerate, rhyolite,
mixed fragmental and effusive volcanic rocks, and admixed metasedimentary
rocks comprise the Dunn Brook Formation, also of Silurian or Ordovician age.

Greenstone sills(?) of the Spruce Top Greenstone, considered of Ordovi-
cian(?) to Devonian(?) age, are enclosed by the Dunn Brook Formation in this
region.

In the extreme northwest cormer of the quadrangle, and apparently in fault
contact with Ordovician and Silurian(?) or Ordovician(?) units to the south-
west, are some poorly exposed undifferentiated quartzites, graywackes, silt-
stones, and slates of Silurian age.

The Bell Brook Formation of Silurian(?) or Devonian(?) age, or both, con-
sists of two members. The older member is mostly conglomeratic; a younger
member, which typically consists of olive-green siltstone and slate, conform-
ably overlies the conglomerate member.

Devonian(?) cobble conglomerate occurs in one small area in the north-
western part of the quadrangle. It contains pebbles and cobbles of volcanie
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2 GEOLOGY, BRIDGEWATER QUADRANGLE, MAINE

rocks which closely resemble volcanic units of Ordovician(?) to Devonian(?)
age in the area.

Intrusive igneous rocks form only a small part of the bedrock of the Bridge-
water quadrangle. The most extensive of the igneous rocks is the biotitic
dacite-diorite dike, 5 miles long, in the central part of the quadrangle. At its
north end, rhyolite and felsic fragmental rocks occur directly on strike with
the dike. Garnet porphyry that contains highly altered feldspars forms two
small plutons to the north and northwest of the dike. Both the plutons and
the dike have thin thermally metamorphosed aureoles of tremolite-diopside
hornfels wherever they have intruded limy rocks of the ribbon rock member of
the Meduxnekeag Formation. The garnet porphyry plutons, especially the
northernmost one of HEstabrook Hill, contain inclusions of biotite-garnet
hornfels formed from pelitic rocks.

A few small dikes of greenstone cut rocks of the Meduxnekeag Formation
in the southeastern part of the area. Two small masses of serpentinite and a
small body of metagabbro occur near a fault in the northwest part of the
quadrangle,

Except for the dike and the small plutons, all the rocks in the area have
been folded. More open folds predominate in areas underlain by massive com-
petent rocks, as in the southwestern part of the quadrangle. With local ex-
ceptions, the folds in the north half and the southeast part of the quadrangle
trend northeasterly. Elsewhere the folds trend northerly and to the northwest.

Vertical and steeply dipping fracture cleavage that trends northeast is com-
mon in most of the rocks. It has not developed in the brittle rocks, such as
greenstone or massive conglomerate and quartzite, and is absent in the intru-
sive rocks which were emplaced after the cleavage formed. The intersection
of cleavage and bedding, especially in slate, produces a conspicuous lineation.
The most pronounced lineation, however, is that of the trend of fold axes, par-
ticularly of the larger folds. Additional lineation of local extent includes mul-
lion structure, pencil lineation, and a peculiar lineation banding. Mineral line-
ation and boudinage are rare or of an incipient nature. Normally the more
brittle rocks that lack cleavage are cut by widely spaced joints that generally
have steep or vertical dips.

Faults are difficult to recognize in the Bridgewater quadrangle, and those
that have been mapped strike either north or northeast. The movement on
them is not known,

Most of the rocks in the Bridgewater quadrangle have undergone progres-
sive regional metamorphism up to the greenschist facies; limy rocks into which
small plutons and a dike have been intruded have been thermally metamor-
phosed locally. The plutons show no evidence of having undergone regional
metamorphism, although chloritization of biotite and garnet indicates that, in
part, they have been retrogressively metamorphosed.

The Bridgewater quadrangle has been covered by regional aeromagnetic and
gravity surveys.

INTRODUCTION

Large potential resources of manganese in layered low-grade de-
posits of sedimentary origin occur in the Aroostook manganese belt
of northeastern Maine (White, 1943; Miller, 1947; Pavlides, 1962).
Knowledge of the stratigraphic sequence and structural framework
of the rocks in this belt will be desirable if these resources of man-
ganese are used in the future. At present, information about the
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geology of the Aroostook manganese belt consists of disconnected,
generally reconnaissance-type bedrock maps of the three principal
areas where manganese deposits occur (fig. 1). Systematic geologic
mapping of the Bridgewater quadrangle (pl. 1) was undertaken
primarily to obtain stratigraphic and structural data in terrane that
partly bridges the gap in geologic mapping between the southern
manganese district and the Maple and Hovey Mountains area (fig. 1).

EXPLANATION

Manganese district

Quadrangle
Quadrangle and district
names are in caption

AROOSTOOK
COUNTY

o A
70 L
A'T

Portland

o] 50 MILES
A |

71°

Quadrangles:
1, Presque Isle 4, Mars Hill
2, Howe Brook 5, Bridgewater
3, Smyrna Millg 6, Houlton

Manganese districts:
A, Northern manganese district
B, Maple and Hovey Mountains area
C, Southern manganese district

Frcure 1. Index map showing the Aroostook manganese belt and the position
of the Bridgewater and nearby quadrangles, Maine.
773-643 0—65——2
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During 1952 and 1953 the writer made a reconnaissance geologic
map of a small part of the west-central part of the Bridgewater
quadrangle (Pavlides, 1962, pl. 1). Fieldwork described in this
report was done during the field seasons of 1956-59. The Bridge-
water quadrangle is covered by a blanket of glacial drift of uneven
thickness. Exposures of bedrock are locally abundant, particularly
in the eastern part of the quadrangle, where there is much cleared
~and cultivated land; they are sparser and more widely scattered in
the western, wooded part (pl. 2). Bedrock crops out where the
drift is thin, as on or near the crests of hills and ridges, or where
streams have incised themselves through the drift to bedrock.
Typically, bedrock exposures are small (a few square feet), and
many are smooth pavement surfaces that have been planed and
polished by glaciation. Such pavement outcrops are of limited value
because the rock is hard to break and it is therefore difficult to
determine its lithology and to establish the presence and attitude of
features such as bedding and cleavage. In the areas under cultiva-
tion, some bedrock exposures are ephemeral, being exposed by plow-
ing during one season and covered by soil the next. Natural out-
crops in the western, wooded part of the quadrangle are scarce,
except along stream beds; construction of tote roads by means of
bulldozers has provided more exposures here in recent years.

Generally, after the drainage, roads, and trails in the wooded part
of the quadrangle were examined for exposures, steep slopes and
crests of hills were mapped and the entire region crossed by nu-
merous pace-and-compass traverses. Both aerial photographs and a
topographic base map were used for compilation. The eastern,
agricultural strip of the Bridgewater quadrangle is readily acces-
sible, and was mapped by using aerial photographs for field
compilation.

Gently rolling hills and broad undulating lowlands characterize
much of the quadrangle. Relief is moderate, ranging from 100 to
300 feet in most places and attaining a maximum of nearly 500 feet
in the northwest part of the quadrangle. The lowest altitude (about
340 ft) is in the southeast corner of the quadrangle. Nineteen
Mountain, in the northwestern part of the quadrangle, is the highest
feature, at an altitude slightly greater than 1,180 feet. Most of the
eastern and northern parts of the quadrangle are readily accessible
by a network of surfaced and unsurfaced roads. U.S. Highway 1
and the Bangor and Aroostook Railroad transect the Bridgewater
quadrangle from south to north within the agricultural belt (pl. 2).

Severe winters with heavy snowfalls and freezing temperatures
and short but pleasant and mild summers characterize the climate of
the region.
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The economy of the area, part of the famous potato-growing
region of Aroostook County, is chiefly agricultural. A striking cor-
respondence between surficial and bedrock geology and the distribu-
tion of farmlands is apparent. In general, cultivated land is under-
lain by limy rocks that are covered by a thin mantle of unconsoli-
dated glacial drift, much of which is outwash. Limy rocks make up
parts of the bedrock at many places north and northeast of the
Bridgewater quadrangle, and consequently the outwash deposits con-
tain rocks of relatively local origin. Bedrock lithology, reflected in
surficial deposits, apparently is of considerable importance, therefore,
in determining the fertility of farm lands. Cleared land overlying
noncalcareous or weakly calcareous slate is mostly used for pasture.
Wood for pulp and lumber is harvested from the woodlands in the
western part of the quadrangle. Deciduous trees grow mostly on
ridges and slopes whereas the conifers occupy lowlands.

The few fossils found in the quadrangle were examined by several
paleontologists, cited at appropriate places in this report. R. B.
Neuman and A. J. Boucot, of the Geological Survey, were especially
helpful in this regard. William R. Barton, Jr., Stepan Peniuk,
Richard L. Mauger, and William P. Williams ably assisted the
writer in the field.

PALEOZOIC STRATIGRAPHY

Sedimentary rocks! underlie about 90 percent of the Bridgewater
quadrangle. Various types of intrusive rocks or crudely layered
volcanic rocks underlie the remaining 10 percent, chiefly as small
disconnected masses. The sedimentary and volcanic rocks are highly
folded, broken by faults, and generally transected by slaty cleavage.
Obviously, well-established stratigraphic relationships between
formations that have been defined through mapping are essential in
working out the regional geology of the area. Many problems exist,
however, in attempting to establish a stratigraphic sequence of the
formations. The chief obstacle is the absence of index fossils from
most of the rock units in the area. In the absence of paleontologic
evidence, age relationships between some of the formations in the
quadrangle based on sedimentary and structural evidence are equivo-
cal. The possibility that unrecognized facies changes may exist
between formations is a further complication.

1 Although the rocks within the Bridgewater quadrangle have been weakly meta-
morphosed, the original character of many is still well preserved. Metamorphic rock
names or prefixes have not been used, therefore, for all rocks; the nomenclature of sedi-
mentary and volcanic rocks is used for such rocks as graywacke and conglomerate, and
tuff and trachyte, for example, even though all these rocks are in a sense, metasedimen-
tary and metavolcanic rocks.
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The stratigraphic sequence presented herein is the one deemed most
consistent within the limits of available information. Alternative
stratigraphic interpretations are discussed. Additional mapping in
contiguous or in geologically critical areas in the Bridgewater quad-
rangle wherever manmade exposures become available may neces-
sitate a revision of some of the stratigraphic concepts here presented.

Thicknesses of the stratigraphic units in the quadrangle are not
well known, chiefly because the rocks have undergone such deforma-
tion that complete or nearly complete sections free of repetition from
faulting or folding are not available. Furthermore, the discontinu-
ous nature of the bedrock exposures precludes good measurements
across partial sections even where structural complications are not
severe. The thicknesses given in table 1 are estimates based on
measurements taken from geologic cross sections. These thickness
estimates, therefore, are directly dependent upon the interpretation
of the deformation pattern and the geometry of the folds used in
the cross sections. Hence, the thickness values in table 1 are to be
considered only as orders of magnitude.

TaBLE 1.—Approximate thicknesses of stratigraphic units, Bridgewater quadrangle,

Maine
System Formation Member Lenticular units | Thickness (feet)
Devonian(?) Cobble conglomerate 1204
Devonian(?) or Slate 6,000
Silurian(?) Bell Brook
Conglomerate 0(?) to 5,000
Silurian Quartzite and slate 4,000+
Oliglgz(i)cni?:n((??)) to Spruce Top 0 to 1, 5004
Dunn Brook 2, 000+
Ordovician or Silurian
Nine Lake 18 000
Slate 5,000+
Ribbon rock 1, 500+ to 12, 000+
Ordovician Meduxnekeag Slate and slate
and graywacke | 0 to 4,000==
Slate and
graywacke 0(?) to 5,000+
Total cumulative
thickness2. | o |l 44, 600

! Thickness is from estimates made in the Howe Brook quadrangle (Pavlides, 1962). Only a small part of
this unit is present in the Bridgewater quadrangle. " . .
2 Total does not include the Nine Lake Formation because only a small part of it is present in the Bridge-

water quadrangle.

MEDUXNEKEAG FORMATION

The Meduxnekeag Formation, as originally described (Pavlides,

1962, p. 9-12, fig. 3), was divided into three units, based on scattered
exposures within a limited area in the west-central part of the
Bridgewater quadrangle. The original subdivision of the Meduxne-
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keag Formation into three units is retained, but some of the units
are lithologically more complex than was deduced from the expo-
sures in the small area originally mapped.

Most of the Bridgewater quadrangle is underlain by the Meduxne-
keag Formation, but two of its three members are of limited distri-
bution. The slate and graywacke member is the oldest. It is com-
posed chiefly of slate mixed with graywacke and is exposed in the
6road uplands of the northwest part of the quadrangle (pl. 1). The
younger, ribbon rock member, is the most extensive; it covers the
entire eastern part of the quadrangle and locally extends into
western parts. Commonly, its limy rocks underlie broad undulating
lowlands, whereas the slate or slate and graywacke lenses it encloses,
because of their greater resistance to erosion, form the hills that
locally stand above the lowlands.

Green slate, that occurs as a lenticular unit near the top of the
ribbon rock member of the Meduxnekeag, is restricted to the west-
central part of the Bridgewater quadrangle in an area of generally
subdued rolling topography.

SLATE AND GRAYWACKE MEMBER

Dark-gray slate and gray-green slate irregularly interlayered with
graywacke sandstone and conglomeratic graywacke are the typical
rocks that comprise the oldest member of the Meduxnekeag Forma-
tion. Locally siltstone and quartzite are also .present. Some of the
slate near the north-trending fault in the northwestern part of the
quadrangle has been sheared and, in places, microbrecciated. Such
rocks are characterized by phylhtlc a;nd schistose foliation rather
than by slaty cleavage.

Because of poor exposures, there is no adequate section for deter-
mining the proportion and frequency of interlayering of the slates
with each other and with the graywacke. Rocks of this unit, how-
ever, are best exposed on Chandler Ridge and along the east slope
of Nineteen Mountain.

In general, graywacke occurs as layers a few inches thick enclosed
in slate, or as massive beds a few feet to at least 50 feet thick, com-
monly separated by slate a few inches thick or many feet thick.
Siltstone and quartzite locally occur as thin beds a few inches to a
few feet thick enclosed by slate.

Graywacke on the ridge between Number Nine Stream and the
head of Jimson Brook in T.D., R. 2., was originally mapped as a
lens within the oldest unit of the Meduxnekeag Formation (Pavlides,
1962, pl. 1). Further examination of this area and the presence of
comparable thicknesses of graywacke within the slate and graywacke
member of the Meduxnekeag east of Nineteen Mountain and on
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Chandler Ridge indicate that such a separation is not warranted;
this graywacke is therefore not distinguished as a lens in this report.

The slate and graywacke member is believed to be at least 5,000
feet thick in the northwest part of the Bridgewater quadrangle. It
has not been recognized elsewhere in southern Aroostook County and
it possibly is a lenticular unit that thins rapidly and wedges out
completely at some relatively small distance from its outcrop area
in the Bridgewater quadrangle (table 1).

Volcanic lithic fragments that occur in graywacke of the slate
and graywacke member resemble some of the voleanic rocks of the
Dunn Brook Formation. In addition, a chip of antigoritic serpenti-
nite, similar to that of the small masses of serpentinite within the
northwest part of the Bridgewater quadrangle is present in one thin
section of graywacke from the slate and graywacke member. These
clasts suggest, but do not prove, derivation from the Dunn Brook
and serpentinite of the region. If the clasts are indeed derived from
this source, then the slate and graywacke member of the Meduxne-
keag Formation is younger than the Dunn Brook Formation of
Silurian(?) or Ordovician(?) age (see below) as well as the serpen-
tinite. It might also be younger, therefore, than the ribbon rock
member (Middle Ordovician age) of the Meduxnekeag Formation,
beneath which it is placed stratigraphically in this report. Another
source for the volcanic clasts in graywacke within the slate and
graywacke member of the Meduxnekeag Formation is the volcanic
rocks of Early Ordovician age about 30 miles to the southwest
(Neuman, 1964), although no serpentinite has been reported from
this area (Ekren, 1961). In general, however, evidence as to top
facing direction of sedimentary features, although sparse, supports
an age older than the ribbon rock member and this evidence is
accepted in this report for dating the graywacke and slate member
as of Middle Ordovician age or older.

SLATE

Dark-gray to nearly black slate, commonly of a dark gray-blue
shade, is the most abundant variety of slate found in the slate and
graywacke member. Much of this slate is finely laminated but it
also occurs as unlaminated slate, and, in a few places, as massive
and uncleaved argillite. Fine-grained pyrite is normally the only
mineral megascopically recognizable where present. In weathered
outcrops such pyritic slate is commonly stained brown.

The dark-gray to nearly black slate contains a micaceous and
chloritic groundmass which encloses clastic grains. The mica is
mostly fine-grained sericite (the term is here used in the petrographic
sense of finely divided flakes of white mica), but fine-grained flakes
of muscovite are also present. Colorless or pale-green, weakly pleo-
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chroic chlorite of low interference colors is typical of this slate. Tt
occurs as small subequant flakes or as an irregular fine-grained con-
stituent intimately mixed with sericite and distinct flakes of musco-
vite. The chloritic and micaceous groundmass forms a mat in which
silt and finer sized fragments of quartz and sparser grains of feld-
spar, zircon, sphene, and pyrite or other opaque grains are embedded.
In some places, finely divided carbonaceous matter is also present
and may locally contribute to the dark color of the slate.

Dark-gray or nearly black slate also grades to graywacke. Such
gradational slate commonly has a slightly gritty feel and very fine
grained clastic grains are generally visible with the aid of a hand
lens. In thin section this rock shows a typical graywacke texture,
insofar as it is composed of unsorted clastic grains embedded in
a micaceous and chloritic paste. The clastic grains are commonly
quartz with lesser amounts of feldspar and chert.

Gray-green slate within the slate and graywacke member also
occurs as finely laminated to unlaminated rock. Similarly colored
slate, however, occurs in many other formations in the region and an
individual exposure of such slate is indistinguishable as to its strati-
graphic position, except insofar as is suggested by its field relation-
ship to the surrounding rocks. Gray-green slate is similar to the
dark-gray to black slate described above, except that carbonaceous
matter is absent and gradation to graywacke has not been observed.

GRAYWACKE

Graywacke is used in this report as defined by Gilbert (Williams,
Turner, and Gilbert, 1958, p. 289-294). Tt is an impure sandstone
containing 10 percent or more of argillaceous matrix which encloses
unsorted or poorly sorted grains of stable (quartz, chert, quartzite)
and unstable (feldspar, rock fragments) constituents, or both. The
ratio of stable constituents, feldspar, and unstable rock fragments
is used as the basis for subdividing graywacke into different composi-
tional types (fig. 2).

Most of the graywacke in the slate and graywacke member of the
Meduxnekeag Formation occurs as a dark-gray rock that may con-
tain vitreous quartz grains, rock fragments (among which slate is
the most readily recognized), and feldspar, set in an argillaceous
matrix. Any or all of the above grains may be present in different
amounts in any particular rock. Commonly, the rock weathers to a
rust color or is speckled with rust-colored dots or small patches,
formed from the weathering of ferruginous carbonate or sulfide
grains, or from both. Most of the graywacke layers are massive
but a few show a subtle graded bedding although distinct graded
bedding is not common. Crossbedding normally is not megascopi-
cally visible, but thin section examination indicates that it is present
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STABLE GRAINS
Quartz, chert, quartzite

100

A
A/ 3
2 4 51110 Quartz graywacke

Note: Graywackes contain 10 percent or
more argillaceous matrix, which,
though not represented on the
diagram, is an essential part of
each rock named

0 0
Feldspars 50 Unstable
fine-grained
UNSTABLE GRAINS rock fragments

Figure 2.—Classification of graywacke (after Williams, Turner, and Gilbert,
19568). Graywackes from the Bridgewater quadrangle are plotted as follows:
A, slate and graywacke member of the Meduxnekeag Formation; ©, conglom-
erate member of the Bell Brook Formation; &, slate member of the Bell Brook
Formation; and +, quartzite and slate unit. Numbers correspond to specimens
in tables 2, 3, and 4.

as a small-scale feature in some of the finer grained rocks. Typically,
the foreset beds of such small-scale crossbedding are outlined by
heavy mineral grains along the layering. At a few places, gray-
wacke beds underlain by slate layers contain pebble-sized slate chips
similar to the slate beneath the graywacke. Some of the slate chips
are bent or slightly curled.

Modal analyses of graywacke from the lower member of the
Meduxnekeag Formation are given in table 2. Individual grains of
muscovite and chlorite larger than silt size (0.06 mm) were counted
separately from the matrix mica and chlorite. All grains less than
silt size were counted as matrix. Some detrital quartz, therefore, was
included with the micaceous paste as matrix. In the lithic gray-
wacke samples of table 2, however, such detrital quartz is a small
fraction of the matrix constituents, which are mostly fine chlorite
and sericite.
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TaBLE 2.—Modal analyses of graywacke from the slate and graywacke member of the Meduxnekeag Formation and the proportion of quartz,

feldspar, and rock fragments calculated to 10G percent

Lithic graywacke Quartz graywacke Feldspathic graywacke
1101151 1 1 2 3 4 5 6 7 8 9 10 111 12 131 14
(51015701 111 :11 NS P-56-2 | P-56-11 | P-56-12 | P-56-62 | P-56-114 | P-56-129 | P-56-134 | P-50-12 | P-52-8 | P-57-60 | P-56-141 | P-56-135 | P-57—62 | P-57-63
Point counts_______________ 1350 1385 1392 1343 1505 1000 530 1103 1342 2051 508 1051 717 1747
(10111 o -/ 17.3 21.9 18.7 24.6 20.4 22.9 25.5 52.8 47.2 20.6 8.1 14.5 25.0 21.4
Feldspar 5.6 6.1 2.7 6.4 5.6 7.7 5.1 1.6 3.5 1.5 .8 2.8 4.0 6.1
Rock fragment 8.3 9.3 18.9 15.7 25.4 14.3 20.0 0 0 0 2 0 0 1.6
Chlorite. - - 4.2 .6 .1 .9 .1 1.0 L1 .3 o0 3.1 3.0 2.2 .8 1.3
Muscovite._ .3 1.2 .4 7 .3 o8 .9 1.7 2.5 1.3 3.0 o7 .4 .3
Matrix__..___ 62.2 57.6 56.3 40.0 30.1 53.5 33.6 42.7 44.8 58.8 32.9 69.5 24.1 69.0
Carbonate._ 0 3.0 2.9 112 17.9 2 13.8 0 0 13.8 49.8 9.4 44.5 0
1115 O 1.9 i | i | .5 " { .3 0 .9 1.2 +9 2.4 .9 i .3
Total. .- g 99.8 99.8 100. 1 100.0 99.9 100.0 100. 0 100.0 99.9 100. 0 100. 2 100.0 99.9 100. 0
Ternary composition
56 59 46 53 40 51 50 97 93 93 89 84 86 74
18 16 7 14 11 17 10 3 7 7 9 16 14 21
26 25 47 33 49 32 40 0 0 0 2 0 0 5
Total. ... 100 100 100 100 100 100 100 100 100 100 100 100 100 100
1 The high carbonate content makes this rock a calcareous graywacke; because of the  herein used.

argillaceous content of the matrix, however, it is still included in the classification

of Cox Patent.

Location of specimens

1. P-56-2, about 1.04 miles S. 83°00’ W. from the northwest corner of Cox Patent.
2. P-56-11, from the North Branch Whitney Brook about 1.11 miles S. 16°00’ E.
from the northwest corner of Cox Patent.
3. P-56-12, from the North Branch Whitney Brook about 1.45 miles S. 20°00" E.
from the northwest corner of Cox Patent.
4, P-56—62, from Aker Brook about 1.81 miles N. 13°30’ W. from the northwest corner

5. P-56-114, about 2.22 miles S. 51°00’ W. from the northwest corner of Cox Patent.
6. P-56-129, about 0.91 mile N. 25°00’ W. from the northwest corner of Cox Patent.
7. P-56-134, from Chandler Ridge about 1.61 miles S. 46°00’ W. from the southeast

corner of Cox Patent.

8. P-50-12, about 3.73 miles S. 52°00’ W. from the northwest corner of Cox Patent.
9. P-52-8, from Number Nine Stream about 3.38 miles S. 57°00’ W. from the north-

west corner of Cox Patent.

10. P-57-60, about 0.79 mile, S. 32°00’ E. from the northwest corner of Cox Patent.
11. P-56-141, about 0.54 mile, N. 64°00’ E. from the northwest corner of Cox Patent.
12. P-56-135, from Chandler Ridge about 2.06 miles S. 56°30’ W. from the southeast

corner of Cox Patent.

13. P-57-62, about 0.25 mile, N. 33°30’ E. from the southeast corner of Cox Patent.
14, P-57-63, about 1.16 miles, S. 50°30’ E. from the northwest corner of Cox Patent.

DIOZOATVd
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Lithic graywacke—Most of the graywacke from the oldest mem-
ber of the Meduxnekeag Formation is lithic graywacke (fig. 34).
Petrographic examination, however, indicates considerable differ-
ences among such rocks. For example, chert (included with quartz
in modal analysis) is present in samples 1 and 2 (table 2) but absent
in the other 5 samples of lithic graywacke. Carbonate is abundant
in samples 4, 5, and 7 and absent or minor in the other rocks. There
is also a wide range in composition among the essential constituents
of these rocks; the quartz content ranges from approximately 17 to
25 percent, the feldspar content from nearly 3 to 8 percent, and the
rock-fragment content from about 8 to 25 percent. Matrix is present
in amounts ranging from about 30 to 62 percent.

There is also a wide range in content and variety of rock frag-
ments in the lithic graywackes. In some, sedimentary rock chips are
the most common lithic fragments, and in others, voleanic rock frag-
ments are the principal lithic constituents. In a few rocks, chips of
sedimentary and volcanic rocks are present in about equal amounts.
The volcanic rock chips are almost entirely felsic, being mostly
trachyte, tuff, and rhyolite.

Strained and unstrained quartz are both common in lithic gray-
wacke and occur together in the same rock. In some rocks the
quartz is rutilated. Plagioclase and potassium feldspar are also both
present in lithic graywacke, but plagioclase is the more abundant.
Both feldspars have sericitic alteration but plagioclase is commonly
less altered or nearly fresh in appearance.

A total of 17 lithic graywacke samples (including those of table
2) were studied petrographically. A textural feature common to
them, as well as to all graywacke of the region, is the poorly sorted
character of the grains. In general, the average grain size of lithic
graywacke is sand (0.06 to 2.0 mm), but all gradations from fine to
very coarse sand occur in different graywacke layers. The over-all
range in grain size is normally from silt (less than 0.06 mm) to
coarse sand (1 to 2 mm), but some grains, particularly lithic frag-
ments, are of granule (2 to 4 mm) and pebble (4 to 64 mm) gravel
sizes, although the coarsest pebble (slate) measured in such rocks is
about 80 mm long. Inasmuch as granules and pebbles generally
form a small proportion of these rocks, the rocks properly are
graywackes (sandstone size) rather than conglomerates. The coarser
grained rocks, however, also contain the larger sized grains, which
normally are lithic fragments and principally slate chips.

Quartz graywacke—Although less abundant than lithic gray-
wacke, quartz graywacke is common in the slate and graywacke
member. Graywacke exposed on the ridge between the headwaters
of Jimson Brook and Number Nine Stream in the northwest part of



Ficure 3.—Photomicrographs of graywackes from the slate and graywacke member of the Meduxnekeag Formation.

A, Lithie

graywacke (No. 1 of table 2), plane-polarized light. B, Quartz graywacke (No. 8 of table 2), crossed nicols. C, Feldspathic

graywacke (No. 14 of table 2), crossed nicols.
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T.D., R. 2. (pl. 1) is a typical quartz graywacke (fig. 3B). It is
poorly sorted and contains subrounded to angular grains that are
mostly quartz (see No. 8, table 2), much of which appears rutilated.
Plagioclase is present but sparse, and rock fragments are absent.
The matrix consists of a paste of fine sericite and chlorite. Leu-
coxene-coated sphene and zircon are minor accessory constituents.

Quartz graywacke has a rather wide range in bulk composition,
however, as illustrated in part by the modal analyses of table 2 (Nos.
8-11), but is distinct from lithic graywacke (fig. 2). Besides the
wide range in composition of the essential constituents, matrix,
quartz, and feldspar, there is also a wide range in carbonate content.
In some rocks, carbonate is absent, and in others it is present in
different amounts making up almost 50 percent of the rock (see No.
11, table 2). Tourmaline, ilmenite, leucoxene-coated sphene, and
zircon are detrital accessory minerals. Pyrite is common; its cubic
habit and the fact that it appears to replace quartz in some rocks,
indicate that it is probably authigenic.

Feldspathic graywacke.—These rocks are similar in hand specimen
to quartz graywacke, but can be distinguished in thin section (fig.
8C). Generally, a modal analysis is needed to differentiate between
quartz and feldspathic graywacke. Modal analyses of three felds-
pathic graywacke samples from the lower Meduxnekeag are listed in
table 2, and the analyses are also plotted on figure 2. Feldspathic
graywacke also has a rather wide range in bulk composition includ-
ing marked differences in carbonate content. The carbonate is an-
keritic and commonly iron stained. Feldspathic graywacke is dis-
tinguished from lithic graywacke by the virtual absence of rock
fragments and from the quartz graywacke by a greater feldspar to
quartz ratio. Rock fragments may or may not be present in felds-
pathic graywacke, but where present they are commonly of felsic
rocks.

RIBBON ROCK MEMBER

The ribbon rock member of the Meduxnekeag Formation described
elsewhere (Pavlides, 1962, p. 11-12) is the most widespread unit
in the Bridgewater quadrangle. Although it consists of a wide
variety of sedimentary rocks, it is chiefly buff-weathered, gray to
blue limestone irregularly interlayered with gray to gray-green slate.
On weathered outcrops and in outcrops in stream beds, the limestone
layers are commonly more deeply eroded than the slate interbeds.
This differential erosion imparts a pronounced ribbed appearance
to such outcrops; hence they have been variously described as
“ribbon rock” and “ribbon limestone.” Calcite, locally derived from
the limy rocks during deformation, commonly is present in irregular
veinlets or sometimes along cleavage. The slate interbeds generally
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have few, if any, of these calcite veinlets because the slate was more
plastic during deformation (slate intruded cleavage in limestone
layers at several places) and less prone to open fracturing than the
more brittle limestone layers. Thin (one-half inch or less) white,
nearly pure calcite layers are also locally present as interbeds of
gray-blue ribbon limestone and are conformably folded with the
limestone. These layers may have been predeformation calcite fill-
ings along bedding joints which were subsequently folded conform-
ably with the enclosing limestone. Thin, intricately contorted, nearly
pure calcite veinlets that crosscut bedding are also present.

The ribbon rock member has the greatest thickness of any unit
mapped in the Bridgewater quadrangle. (See table 1.) It is esti-
mated to be more than 12,000 feet thick in most of the eastern part
of the quadrangle. In the west-central part of the area (pl. 2),
however, it is only about 1,500 feet thick. This difference in thick-
ness from east to west may be due to original westward stratigraphic
thinning, inasmuch as the more westward rocks of the same age are
of different kinds (Pavlides and others, 1964, p. C31-C32).

Ribbon rock can be classed as thin bedded or thick bedded, depend-
ing upon the thickness of individual layers of limestone and slate.
Thus, thin-bedded ribbon rock is composed of limy layers 0.5 to 1.0
inch thick which are commonly separated by slate layers 0.5 inch
thick or less. Thick-bedded ribbon rock consists of limy layers 0.5
foot thick or more, separated by slate layers several inches or more
thick. There are all gradations of ribbon rock between thick-bedded
and thin-bedded varieties, and such gradational types make up the
bulk of this lithology.

In addition to its thin- and thick-bedded features, ribbon rock is
also characterized by two distinctive compositional varieties, namely,
quartzose limestone and a variety that is megascopically free of
quartz.

In the northwest part of Littleton Township, in the south-central
part of the Bridgewater quadrangle (pl. 1), normal ribbon rock
lithology changes along strike into a facies consisting mostly of
dark-gray slate which has sparser interbeds of gray-blue to gray
quartzose and relatively quartz-free limy rock. The slate in this
facies is dark gray and noncalcareous, and commonly has a fine lami-
nation. Thin silty or quartzitic layers 1 to 2 inches thick are also
present locally.

RIBBON ROCK WITH QUARTZOSE LIMESTONE

Quartzose limestone typically has silty laminae which stand in
higher relief on weathered surfaces than the carbonate matrix. Such
fine-grained quartzose layers commonly impart a fine lamination to
limestone beds; in many rocks a very complex crossbedding is evi-
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dent that normally is not usable in determining tops of beds. Silty
quartzose laminae in many of the limestone beds generally are also
intricately contorted between even-layered beds of slate and resemble
small-scale intraformational folds or curled bedding (fig. 4) that is
similar to convolute bedding described by Kuenen (1953a, p. 1056).
Some geologists have found convolute bedding useful in determining
the top-facing direction of beds, and also in roughly estimating the
current direction (Haaf, 1956; Kuenen, 1953b). Although a
thorough study of convolute bedding in ribbon rock of the Meduxne-
keag Formation has not been made, wherever tested convolute layer-
ing was found to be consistent with the top-facing direction of beds
determined by associated features, such as graded bedding. The use
of convolute bedding to estimate current direction is founded on the
assumption that convolute bedding is indeed a current phenomenon,
such as plastically deformed ripple marks (Kuenen, 1953b, p. 14-24).
This interpretation has not been conclusively documented as being
the only way in which convolute bedding may form. Migliorini
(1950; in Haaf, 1956, p. 193), for example, proposed an equally
plausible hypothesis of convolution formation by dewatering of a
hydroplastic sediment during compaction. Rich (1950) believes such
intrastratal contortions form in unconsolidated, water-saturated silty
layers (quicksand) and that they act as glide zones along which the
overlying sediments may slide down a slope. In this process the
bedding within the water-saturated silty glide zone is contorted. In
view of the uncertainty as to the origin of convolute bedding, no
attempt was made to interpret current direction from it.

Ficure 4.—Convolute layering in ribbon limestone of the Meduxnekeag Forma-
tion. Silty quartzose laminae enclosed in limestone are intricately contorted.
The slate layers that enclose the contorted limestone are undisturbed. Top-
facing direction not known. Specimen collected from Number Nine Stream
about 11,500 ft, S.69°W. from the southwest corner of Cox Patent.
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Graded bedding is also present in some of the quartzose limestone
layers. It is characterized by a gradation from quartzose limestone
at the base of a bed that grades upward into slate, which in turn has
a sharp contact with overlying quartzose limestone. Such graded
bedding is not present as an extensive cyclical sequence at any one
place. It commonly occurs in one or a few layers which are inter-
bedded with, or enclosed by, nongraded quartzose limestone beds, and
is thus a subordinate feature. In general, graded bedding is not
common and is not readily detectable in ribbon rock.

Very fine grained muscovite and pyrite are also present as mega-
scopic constituents of quartzose ribbon rock. Generally, muscovite
flakes are alined along bedding. Pyrite, where present, normally
occurs as finely disseminated grains which are commonly cubic.

Quartzose ribbon rock consists mostly of fine-grained angular
quartz grains set in a carbonate matrix (fig. 5A) which may be
calcitic or ankeritic.? In addition to quartz, some fine-grained
angular to subrounded fragments of slate, felsic volcanic rocks, and
chert are present and sorting is poor (fig. 5B). Plagioclase is also
present but is not. abundant. Additional minor constituents com-
monly are leucoxene-coated sphene, pyrite, zircon, and epidote.
Muscovite, though minor, is ubiquitous and occurs as flakes along
bedding planes (fig. 5C). The fact that in some rocks the coarsest
carbonate grains occur in layers containing the coarsest detrital
quartz grains suggests that such grains were transported and de-
posited together and that the carbonate also was detrital.

RIBBON ROCK WITH LIMESTONE ALMOST FREE OF QUARTZ

Relatively quartz-free limestone in ribbon rock occurs as massive
and dense gray-blue layers that have slate interbeds; such ribbon
rock is commonly thick-bedded rather than thin-bedded. The limy
beds may be calcareous argillite, argillaceous limestone, or limestone.
Some of the more dense limy rocks break with a subconchoidal
fracture. Limestone beds that appear megascopically as relatively
quartz-free rocks commonly contain some detrital quartz visible only
under the petrographic microscope. Such rocks consist of very fine
grained carbonate that contains sparse quartz grains, flakes of seri-
cite, and fine opaque grains.

SLATE

The slate interbeds or partings in ribbon rock generally are gray,
gray green, or green and are massive or finely laminated; they may
or may not be calcareous. Generally, gray slate is calcareous, con-

2 The term “ankeritic carbonate” as used in this report refers to carbonate which has
indices of refraction greater than canada balsam and, when weathered, imparts a buff
to brown coloring to the rocks. X-ray diffraction analyses of bulk rock samples also
indicate that the carbonate has a dolomite structure. Hence, ankeritic carbonate has
a compositional range between ferruginous dolomite and ankerite.



Fircure 5.—Photomicrographs of impure carbonate rocks from the ribbon rock member of the Meduxnekeag Formation. A, Quartzose

limestone; consists chiefly of angular quartz grains in a carbonate matrix. Not discernible in the photograph but also present are
feldspar and some fine sericite and chlorite. The opaque grains are leucoxene-coated sphene and magnetite. B, Poorly sorted
quartzose limestone; consists chiefly of angular quartz grains in a carbonate matrix. Also present in this thin section but not
discernible in the photograph are rock fragments (slate, tuff(?), and chert), feldspar (rare), white mica, and leucoxene-coated sphene
and epidote. C, Fine-grained quartzose limestone that has a lamina of slate cut by fracture cleavage which does not cut the en-
closing quartzose limestone. Fine flakes of mica in the quartzose limestone and in the slate are subparallel to bedding rather than
to cleavage.
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tains calcitic carbonate, and is chiefly distinguished by its efferves-
cence when treated with cold, dilute hydrochloric acid. Noncal-
careous slate may or may not contain carbonate. Where carbonate
is present it is probably ankeritic, because it is commonly iron
stained, and where unweathered, it does not effervesce when treated
with dilute hydrochloric acid.

These slates consist of a matrix composed of fine-grained white
mica, chlorite, carbonate, and fine-grained quartz grains. Commonly
the chlorite and mica flakes lie in the plane of the bedding. Pale-
green or colorless chlorite and white mica both occur as fine flakes
in the matrix and as larger porphyroblastic flakes, which are believed
to have formed through metamorphism. Feldspar is present in some
slate; opaque grains are common. In some slate, the fine lamination
results from the presence of quartzose silty layers which may range
from a quartz graywacke (consisting of silt-size detrital quartz
grains embedded in a micaceous paste) to nearly pure quartzite.

LENTICULAR UNITS

Numerous, apparently lenticular units, are enclosed by the ribbon
rock member of the Meduxnekeag Formation and locally underlie
considerable areas of the quadrangle. (See pl. 1.) The stratigraphic
position of these lenses within this member is not known, but they
seem to lie at several levels; the order in which they are discussed
below may not be chronological.

Some lenticular units are as much as 4,000 feet thick; they may
wedge out completely or grade into enclosing ribbon rock over short
distances. (See table 1.)

Graywacke and slate lenses—Graywacke interlayered with slate
crops out in two small areas near Harvey in the northwestern part
of Monticello Township (pl. 1). Lithologically these rocks are simi-
lar to slate and graywacke of the slate and graywacke member of
the Meduxnekeag Formation. The slate is generally dark gray to
dark green and noncalcareous; the graywacke ranges in composition
between lithic and feldspathic graywacke.

In addition to the graywacke and slate areas near Harvey, slate
and graywacke also occur locally as thin strata interlayered with
ribbon rock. Such graywacke-slate beds are present in ribbon rock
along South Brook (formerly called South Branch Meduxnekeag
River) west of the dacite-diorite dike and along the North Branch
Meduxnekeag River west of its junction with Number Nine Stream
(pl. 1). Compositionally, the graywacke of such layers includes
both lithic and feldspathic types.

Graywacke mixed with slate, and locally containing quartzose
ribbon rock, is also present as an ill-defined lens in the west-central
part of Monticello Township. The graywacke is in massive mica-

773-643 O—65——4
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ceous gray beds about 1 to 2 feet thick; it ranges in composition from
quartz graywacke to lithic graywacke.

Slate lenses—Large areas of the eastern part of the Bridgewater
quadrangle are underlain by slate. Generally the slate occurs in
masses surrounded by ribbon rock that appear to represent several
lenticular horizons of slate within ribbon rock. At some places the
ribbon rock and slate lenses appear to have sharp contacts, but con-
tacts are mostly gradational, particularly those of the slate lenses in
the east-central part of the quadrangle.

Composition of the slate lenses within ribbon rock varies con-
siderably. Generally, the slate is gray to gray-green and may or
may not be calcareous. The slate lens along and near the Canadian
border in the northeast part of the quadrangle locally is dark gray
and finely laminated. The lenses in the northeastern and east-central
part of the quadrangle have sparse gritty layers of quartzitic gray-
wacke.

South of about the latitude of Britton Road, graywacke layers
become more abundant in the slate lenses in the eastern part of the
quadrangle. The graywacke content increases so rapidly to the
south that actually the lithology of the slate lens in the southeastern
part of the quadrangle, which is bounded by a fault on its northwest
side, changes southward along strike from slate with sparse gray-
wacke layers to a sequence composed of nearly equal amounts of slate
and graywacke. This lithology extends as such from Lowell Hill to
the southwest limit of the lens near Ross School (pl. 1). The slate in
this part of the lens is gray green or green and is not calcareous;
the sandy beds that are commonly interlayered with it generally
range in composition between quartz and feldspathic graywacke.

SLATE MEMBER

Gray, gray-green, and green slate, estimated to be about 5,000 feet
thick (table 1), occurs west of the thin ribbon rock member of the
Meduxnekeag in the western part of T.D., R. 2 (pl. 1). To the east
the unit may wedge out rapidly. (See section B-B’, pl. 1.) It is
normally not calcareous, although locally limy layers, some of which
resemble limestone beds of the ribbon rock member of the Meduxne-
keag, are present. The slate may be massive or finely laminated.
Megascopically it is not distinguishable from the gray and green
slate of Silurian age of the Maple Mountain Formation (Pavildes,
1964, p. B5) of the Hovey Group (formerly the upper part of the
Hovey Formation (Pavlides, 1962, p. 16)) to the west in the Howe
Brook quadrangle. It is herein tentatively included as an upper
member of the Meduxnekeag Formation on the basis of its field rela-
tionships; it is structurally conformable with the ribbon rock
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member to the east which in turn structurally and stratigraphically
overlies the slate and graywacke member. Additional mapping in
the Howe Brook quadrangle may more closely establish the strati-
graphic position and age assignment of this slate unit.

The Ordovician age ® assigned the Meduxnekeag Formation is based
on the dating of the ribbon rock member and the supposition that
the slate member above and the slate and graywacke member below
are a conformable sequence of virtually similar age.

The ribbon rock member of the Meduxnekeag Formation is be-
lieved to be of Middle or Late Ordovician age. The fossils that date"
this unit occur, however, outside of the Bridgewater quadrangle. A
late Middle Ordovician age for these rocks was established by the
discovery of graptolites about 36 miles northwest of Bridgewater
near Colby (Pavlides, Neuman, and Berry, 1961, p. 65-66). The
graptolites recognized by W. B. N. Berry from this locality (USGS,
loc. 4132-CO) are: Amplexograptus sp.; A. ct. A. perercavatus (Lap-
worth) ; Climacograptus cf. C. typicalis mut. posterus Reudemann;
Diplograptus(?) spp. (two distinet kinds of this form are represented ;
one is long and slender, the other is shorter and wider) ; Orthograptus
aff. 0. truncatus (Lapworth) ; O. truncatus cf. var. intermedius (Elles
and Wood) ; other orthograptids of the O. truncatus type. These
fossils, although poorly preserved, nonetheless are considered as a
characteristic assemblage of Trenton age. At Houlton, about 21
miles south of Bridgewater, a few fossils were found in 1961 in small
limy lenses in ribbon rock, including a leptellid and Zygospira
and date the enclosing rock as Middle or Upper Ordovician in
age (R. B. Neuman, written commun., 1961; A. J. Boucot, written
commun., 1964). The Matapedia Group of Gaspé, Quebec, with
which the ribbon rock member of the Meduxnekeag Formation
is believed to be coeval, in part (Pavlides, Neuman, and Berry, 1961,
p. 66-67), is dated as Late Ordovician by Beland (1958, p. 3-4).

Within the Bridgewater quadrangle itself, however, fossils were
found in the ribbon rock member at only two places. Elongate ag-
gregates of ovoid pellets from near Snow Settlement (loc. 1, pl. 1,
USGS loc. 4183) were identified as Tomaculum cf. T. problematicum
Groom by Hintzschel (Pavlides, Neuman, and Berry, 1961, p. B66).
This fossil was first described from the Lower Ordovician (Tremadoc)

30n July 11, 1965, the writer discovered a Silurian graptolite fauna of both monograp-
tids and eclimacograptids near the top of the ribbon rock member of the Meduxnekeag
Formation along a new roadcut in the Smyrna Mills quadrangle, Maine (fig. 1). W. B.
N. Berry examined this collection and dates it as Early Silurian, about coeval to British
Zones 18 and 19 (written commu., July 19, 1965). Thus the age of the ribbon rock
member of the Meduxnekeag Formation ranges from Middle Ordovician to Early Silurian.

This new age range should be noted where reference is made to the Ordovician age of the
Meduxnekeag (text and pl. 1).
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Bronsil shales of England (Groom, 1902). Penau (1941) illustrates
similar structures from Ordovician rocks in Germany and notes their
occurrence in Ordovician rocks of Czechoslovakia, France, and
England.

At locality 2 (USGS loc. 4134), west of the North Branch Medux-
nekeag River (pl. 1), large boulders, like the adjacent outcrops of
ribbon rock, yielded a few minute brachiopods and other fossils,
largely unidentifiable, from thin sandy layers intercalated with cal-
careous siltstone.

NINE LAKE FORMATION

A few scattered outcrops of graywacke and slate of the Nine Lake
Formation are present in a narrow strip along the northwest edge of
the Bridgewater quadrangle. These rocks are contiguous with simi-
lar rocks to the west in the Howe Brook quadrangle which were
originally mapped as belonging to the lower part of the Hovey
Formation (Pavlides, 1962, pl. 1), but subsequently were renamed
the Nine Lake Formation of the Hovey Group and dated as of
Ordovician or Silurian age (Pavlides, 1964).

DUNN BROOK FORMATION

Volcanic rocks on and near Nineteen Mountain in the northwestern
part of the Bridgewater quadrangle constitute a suite that is similar
to the volcanic rocks originally assigned to the Dunn Brook Member
of the Hovey Formation (Pavlides, 1962). Subsequently (Pavlides,
1964), the name Dunn Brook was given formational rank and re-
moved from the Hovey Formation.

The Dunn Brook Formation on Nineteen Mountain consists of
altered volcanic rocks of several kinds including fragmental rocks
such as tuffs and mixtures of volcanic conglomerate and breccia, fine-
grained voleanic rocks with lithic fragments, and rhyolitic rocks.
Minor amounts of sedimentary rocks are locally interlayered with
these volcanic rocks.

There is no pronounced localization of any one rock type anywhere
within the areas underlain by the Dunn Brook Formation in the
Bridgewater quadrangle. Generally, however, the fragmental vol-
canic rocks on Nineteen Mountain and near Collins Ridge (pl. 1)
appear to be at the base of the Dunn Brook Formation. Most crop
out east and south of the folded greenstone sills(?) of the Spruce
Top Greenstone which, in part, outline the syncline containing the
Dunn Brook Formation. Aphanitic rhyolite generally fills the core
of the syncline between the greenstone sills. The fine-grained rocks
with lithic fragments and the admixed sedimentary rocks occur both
with the fragmental volcanic rocks and with the rhyolite. Frag-
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mental volcanic rocks and sedimentary rocks, but no rhyolite, have
been found in the Dunn Brook Formation west of the north-south
fault (pl. 1).

The Dunn Brook Formation is estimated to be about 2,000 feet
thick in the Bridgewater quadrangle.

FRAGMENTAL VOLCANIC ROCKS

Fragmental volcanic rocks commonly are dark green to light
green, and locally may have rust-weathered surfaces. Generally,
they are rudely to well cleaved. Tuffaceous rocks are slaty or finely
granular and are difficult to distinguish in the field from sedimentary
slate and sandstone. Some of the slaty tuffs are aphanitic and break
with a subconchoidal fracture, especially when broken at a large
angle to cleavage.

Slaty tuffs have an indeterminate, fine micaceous groundmass
which closely resembles the argillaceous matrix of slate. Poorly
sorted, rounded to angular quartz and angular to subrounded
feldspar grains are embedded in the groundmass. The rock normally
lacks layering. Chalcedonic quartz and limonite commonly fill orig-
inal cavities in the rock. Shards have never been conclusively iden-
tified in tuff or other volcanic fragmental rocks. If present origi-
nally, they have been destroyed or altered by later folding and
metamorphism. Small triangular-shaped quartz fragments present
in some of these rocks may be pseudomorphs of original shards.
Rounded quartz grains in slaty tuff may in part indicate that both
tuffaceous and sedimentary detritus were deposited together.

Some of the slaty fragmental voleanic rocks are altered and
sheared lithic tuff composed of slate and voleanic rock chips, quartz,
and feldspar embedded in a very fine grained groundmass. In one
thin section, the voleanic lithic fragments appear to be chloritized
chips of volcanic glass.

Granular tuff closely resembles impure sedimentary sandstone.
However, tuff contains a cryptocrystalline quartzose groundmass that
encloses quartz, feldspar, and lithic fragments of tuff, trachyte, and
slate. Some of the feldspar and quartz grains have corroded out-
lines similar to magmatically corroded crystals in igneous rocks.
Chlorite and carbonate are common minor constituents and locally
replace and embay some of the mineral grains. Such rocks resemble
altered mixed crystal and lithic tuff.

Coarse-grained fragmental volcanic rocks on and near Nineteen
Mountain normally consist of cobble- to sand-sized lithic fragments
(fine sand- and silt-sized grains are visible in thin sections) em-
bedded in a rudely foliated argillaceous groundmass. The lithic
fragments are of slate or volcanic rocks that are angular to round
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and are not arranged in any recognizable layering. Many of the
elongate rock chips, however, lie with their long dimension parallel
with the regional cleavage. Normally, volcanic breccia and con-
glomerate are characterized respectively by the angularity and
roundness of lithic fragments. The presence of both angular and
rounded lithic fragments indicates that the Nineteen Mountain rocks
are mixtures of volcanic conglomerate and breccia. Rounded quartz
grains are also present in some rocks (fig. 6). The groundmass is
generally indeterminate matter. One fragmental volcanic rock con-
tains volcanic chips embedded in a volcanic groundmass consisting of
microspherulites of chert and chlorite-filled irregular vesicles which
apparently have been flattened into nearly ellipsoidal shapes (fig. 7).

Bedrock exposures are too small and discontinuous to reveal the
relationships of the volcanic conglomerate or breccia to the enclosing
rocks and to each other. The lack of sorting and stratification, the
lithic composition, and the admixture of rounded and angular frag-
ments indicate that these fragmental volcanic rocks may have origi-
nally formed, as part, as ash flow deposits (Ross and Smith, 1961)
or as laharic deposits.

Ficure 6.—Photomicrograph of a mixed voleanic conglomerate and breccia.
The two largest fragments are volcanic rock chips. Quartz is present chiefly
as rounded grains in lower left and upper right. The other large grains in the
photograph are chiefly plagioclase. Plane-polarized light.
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Frcure 7.—Photomicrograph of a fragmental voleanic rock containing voleanic
chips (vc) embedded in a voleanic groundmass (vg), microspherulites of chert
(mc), and flattened ellipsoidal chlorite-filled vesicles (cv). Plane-polarized
light.

FINE-GRAINED VOLCANIC ROCKS CONTAINING LITHIC FRAGMENTS

Fine-grained volcanic rocks containing lithic fragments are only
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