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GEOLOGY OF THE ATTEAN
QUADRANGLE, SOMERSET COUNTY,
MAINE

By Arpex L. Areer and EvceNE L. BouperTe

ABSTRACT

The Attean quadrangle is on the crest of a major structural feature, the
Boundary Mountain anticlinorium, which extends from northern New Hampshire
northeast into Maine. The geologic units include (1) pre-Upper Silurian rocks,
(2) Upper Silurian and Lower Devonian metasedimentary rocks, (3) intrusive
rocks of Early Devonian or younger age, and (4) unconsolidated Quaternary
deposits. Fossils have been found only in the Silurian and Devonian rocks, and
the ages of the other rocks are determined by their relations to the fossiliferous
units,

The pre-Upper Silurian rocks consist of a complex of quartzofeldspathic
metasedimentary rocks—the granofels unit—that are intruded successively by
diorite, the Attean Quartz Monzonite, quartz porphyry dikes, and mafic dikes.

Upper Silurian and Devonian rocks include a limestone and slate unit, which
consists mainly of calcareous metapelite grading into and interbedded with
limestone ; a conglomerate unit, which is predominantly a boulder conglomerate ;
and a conglomeratic sandstone unit, which consists of calcareous quartz-feldspar
sandstone and granule conglomerate, The first two units contain Late Silurian
fossils, occur in discontinuous lenses between the Seboomook Formation and the
pre-Upper Silurian rocks, and rest unconformably upon the latter., The con-
glomeratic sandstone unit intertongues with the limestone and slate unit and
with the Seboomook Formation, so that it must include Silurian and Devonian
rocks.

The Seboomook Formation consists predominantly of gray slate and contains
Early Devonian fossils; it appears to grade stratigraphically upward into
the Frontenac Formation, which is characterized by thick argillaceous sand-
stone. The Frontenac has not been dated paleontologically, and its age is
arbitrary; it is tentatively correlated as a sandy facies of the Seboomook
Formation.

Rocks of Early Devonian or younger age include sills and dikes of hornblende
diorite, the Hog Island Granodiorite, and two small dikes altered to dolomite.
The hornblende diorite seems to have been affected by the regional metamorphism
in Middle Devonian time, but the Hog Island Granodiorite is younger.

At least 90 percent of the Attean quadrangle is covered by unconsolidated till,
outwash sand and gravel, ice-channel fillings, alluvium, and swamp deposits
of glacial or fluvial origin.
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Potassium-argon, strontium-rubidium, and lead-alpha age determinations of
representative metamorphic or igneous minerals and rocks indicate that the
regional metamorphism and the intrusion of the Hog Island Granodiorite oc-
curred nearly simultaneously about 360 million years ago but that the intrusion
was slightly after the peak of the regional metamorphism. Comparison with
isotopic ages measured elsewhere, on samples from rocks which have good strati-
graphie control, indicates that the metamorphism is most likely of Middle
Devonian age.

A striking general correlation exists between the total magnetic intensity shown
on the aeromagnetic map and the distribution of units shown on the bedrock
geology map. Moreover, the individual magnetic anomalies correlate with the
detailed bedrock geology.

Pre-Upper Silurian rocks contain relicts of high-grade metamorphic minerals
and have a regional trend which apparently diverges from that of the Upper
Silurian and Devonian formations (determined in part by reconnaissance map-
ping in west-central Maine). This relation suggests that the Taconic orogeny
(Ordovician) resulted in major deformation in this area and was followed by
erosion prior to deposition of Upper Silurian sediments. For these reasons, the
pre-Upper Silurian units are assigned an Ordoviciah or older age.

INTRODUCTION
LOCATION, CULTURE, AND ACCESSIBILITY

The Attean 15-minute quadrangle is bounded by parallels 45°45’
and 45°30” N. and by meridians 70°15” and 70°30” W. It includes
approximately 197 square miles of Somerset County, west-central
Maine, and about 12 square miles of the electoral district of Frontenac,
Province of Quebec, Canada. The Canadian part of the quadrangle is
not described in this report; it has been described by Marleau (1958a,
1958b).

Jackman and adjacent Moose River are the only villages in the
area. The population of Jackman in 1960 was about 1,000; that of
Moose River, about 200. Some railroad employees and U.S. Customs
and U.S. Immigration officers formerly lived in Holeb on the west
side of the quadrangle, but this hamlet was closed by the Canadian
Pacific Railroad in July 1958. Many Canadian Pacific Railroad em-
ployees and U.S. Immigration, Customs, and Border Patrol employees
do, however, live in the area. Most of the dwellings that are shown on
the topographic map away from the main roads no longer exist, but
private camps are present on a number of lakes and streams. Commer-
cial recreation camps were being operated in 1960 on Birch Island in
Attean Pond, on Birch Island in Holeb Pond, at Turner Pond, and
at Crocker Pond.

The economy of the area is based primarily upon the forest; lum-
bering, paper-pulp logging, and the provision of hunting, fishing, and
tourist accommodations are major occupations. Virtually no agricul-
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ture is practiced, although a small amount of hay is cut for cattle feed.

The Attean quadrangle is heavily forested except for small areas
along the main road. Accessibility is largely dependent upon the
course of logging operations; logging roads and trails provide access
to the area, but heavy undergrowth rapidly springs up following log-
ging and makes foot travel difficult. The virgin pine was cut prior to
the memory of the local inhabitants; virgin spruce was cut before,
during, and for some time after World War I; and virgin hardwood,
mainly yellow birch and maple, was being cut in the western part of
the quadrangle during the course of the fieldwork. Softwood for paper
pulp has been cut recurrently in the eastern part of the area but has
not been cut since the 1920’s in the western part, except in Town 6R7,
where cutting was begun during the course of the fieldwork.

Many of the roads and trails shown on the topographic map are no
longer usable and others have been built. The part of U.S. Route 201
that traverses the northeastern part of the area has been relocated and
improved. Figure 1 shows the locations of the paved and graveled
roads , as of the close of fieldwork in 1959. Major trails or bulldozed
logging roads which will probably be walkable for many years are
also shown. No attempt is made to show blazed trails or the smaller
logging trails, although they do provide access to many parts of the
area.

Lakes and ponds in the area provide a convenient means of access by
the use of small watercraft. The entire length of Moose River within
the quadrangle is navigable by canoe, dependent upon water level
and willingness to portage. There are good portage trails around
Holeb Falls and Attean Falls (in the Long Pond quadrangle) on the
Moose River, and between Holeb and Attean Ponds. The map, how-
ever, shows the channels incorrectly at Holeb Falls, and it is wise to
obtain services or instructions from local guides. Float planes flown
by experienced pilots may be landed on many of the ponds in the quad-
rangle, including those as small as Little Turner Pond.

PREVIOUS GEOLOGIC WORK

Previous geologic work in west-central Maine was focused on the
rocks of the Moose River synclinorium, east of the Attean quadrangle.
The Devonian rocks of the Moose River synclinorium were first rec-
ognized by Jackson (1837) near Parlin Pond, about 11 miles southeast
of Jackman. Holmes and Hitchcock (1861, 1862) and Hitchcock and
Huntington (1874) presented the earliest geologic maps of the region.
Invertebrate fossils from the Moose River synclinorium were described
by Clarke (1907, 1909) and by Williams and Breger (1916). Keith
(1933) prepared a geologic map of Maine, but the west-cental part is
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Fieure 1.—Location of Attean quadrangle and access to the quadrangle and

adjacent areas in 1959.

inaccurate. Hurley and Thompson (1950) made a geologic recon-
naissance to accompany an airborne magnetometer survey. Their map
(1:125,000) indicates the limit of the Moose River synclinorium. They
recognized the unconformity above the pre-Upper Silurian rocks and
collected fossils in the vicinity of Foxs Camp. Their aeromagnetic map
clearly outlines the Hog Island Granodiorite stock, although they did
not recognize it. Boucot (1961) summarized a 1948-54 study of the
rocks and invertebrate fossils of the Moose River synclinorium. He
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made fossil collections from the Foxs Camp area and discovered a
diagnostic Early Devonian fossil in the Seboomook Formation at
Moose River village. Some results of the present investigation have
been included in Boucot’s report and on his map. Recent mapping and
aeromagnetic studies by the U.S. Geological Survey and others in
northern Maine have been compiled at scale of 1:250,000 (Boucot
and others, 1960).

The Quebec part of the Attean quadrangle, and adjacent Canadian
areas to the north and south along the international boundary, have
been described by Marleau (1957, 1958a, 1958b, 1959). Albee (1961)
described the tectonic setting of the region, Perkins (1934, p. 144-145)
discussed the distribution of glacial outwash in the Attean area and in-
dicated its distribution on his map of glacial deposits in Maine.

FIELDWORK

Approximately 20 man-months were spent in the field between July
1956 and October 1958; several weeks were spent field checking in
1959 and 1961. Geology was compiled at a scale of 1:48,000. The 1925
edition of the Attean 15-minute quadrangle, U.S. Geological Survey,
was used as a base. Most of the geologic field observations were made
at stations located by combination pace-and-compass and altimeter
traverse. Other stations, accurately located on aerial photographs by
inspection, were transferred to the base map by the use of radial-line
intersections. In most areas the locations of geologic contacts were
plotted correctly with respect to the rather generalized topography
shown on the base map, but on Sandy Stream Mountain and Slide-
down Mountain and in the Foxs Camp-Wood Stream area the contacts
and structure symbols were plotted relative to accurate planimetry
from photogrammetric work. The Foxs Camp-Wood Stream area,
which contains most of the fossil localities, is shown in greater detail
on another base map.

Aerial photographs (1942), at a scale of about 1: 21,000, were used
during the course of fieldwork. A fter the close of the 1958 field season,
aerial photographs (1958), at a scale of about 1: 55,000, became avail-
able. These 1958 photographs, because of their smaller scale, could be
oriented and scaled by radial-line intersections to points on the base
map which along believed to be planimetrically correct. The points
chosen were along the international boundary, U.S. Route 201, and
the Canadian Pacific Railroad. Radial-line intersections were then
used to locate additional control points with which to orient and scale
the older more detailed photographs. A reflecting projector was used
to transfer information from both sets of photographs to the base
map. The linear features shown on the bedrock geologic map and
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many contacts on the surfical geology map were similarly transferred.

Locations, including those of specimens cited in the tables, are given
by a convenient reference system. The quadrangle map is divided into
nine 5-minute sections, which are designated northeast, east-central,
southeast, south-central, and so forth, abbreviated NE, EC, SE, SC,
and so forth. Within each ninth the southwest corner is the origin, and
decimal rectangular coordinates are used to fix any point; the first
figures designate miles east, and the last figures designate miles north
of the origin. Thus, NW-1.05, 2.03 indicates a point 1.05 miles east and
2.03 miles north of the southwest corner of the northwest ninth of the
quadrangle. Unless prefixed by a quadrangle name, all such locations
are in the Attean quadrangle.
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REGIONAL GEOLOGIC SETTING

During the course of our work in the Attean quadrangle, geologic
mapping in west-central Maine, northern New Hampshire, and ad-
jacent Quebec has greatly clarified the stratigraphic and structural
picture of the region, although it is still not well understood. This
summary and the simplified regional geologic map (fig. 2) are based
in part on a compilation by Boucot, Griscom, Allingham, and Demp-
sey (1960), on a regional study in Quebec by Marleau (1958b), and
on our work, both in the Attean quadrangle and in the area of
reconnaissance mapping to the southeast.

The Attean quadrangle is on the crest of the Boundary Mountain
anticlinorium (Cady, 1960, p. 536; Albee, 1961), a major feature ex-
tending from northern New Hampshire northeast into Maine. It is
outlined, as shown in figure 2, by a major regional unconformity be-
tween rocks of probable Cambrian or Ordovician age in its core and
units of Late Silurian and Early Devonian age on its margins. In
Maine, the northward-plunging anticlinorium is bifurcated at its
northern end by the Moose River synclinorium, which contains a great
thickness of well-dated rocks of Early Devonian age. Northwest of
and parallel to the Boundary Mountain anticlinorium, a sandy facies
of the Devonian, the Frontenac Formation, outlines the core of the
Frontenac synclinorium, which is part of the major Connecticut
Valley-Gaspé synclinorium (Cady, 1960, p. 536). The Frontenac
synclinorium is inferred from stratigraphic superposition data—
pillow structures in volcanic rocks—on either limb of the fold (Mar-
leau, 1958b, p. 85-86, 89). Northwest of the Frontenac synclinorium,
Cambrian and Ordovician rocks crop out in the core of the Green
Mountain—-Sutton Mountain anticlinorium ; the stratigraphic and geo-
tectonic relationships of these rocks have been described by Cady
(1960).

PRE-UPPER SILURIAN ROCKS

The pre-Upper Silurian rocks in the area are overlain uncon-
formably by units ranging in age from Middle Silurian (Wenlock) to
Early Devonian (Becraft-Oriskany). Reconnaissance mapping sug-
gests that at least three major units can be distinguished in the pre-
Upper Silurian rocks (the metamorphic and voleanic rocks in fig. 2).
The two slate and phyllite units shown in figure 2, east of the Moose
River synclinorium, include a felsic volcanic unit, the Kennebec
Formation, which contains Middle Ordovician fossils (Boucot, 1961,
p- 183). The easternmost of these two units, the green phyllite and the
red and green slate, seems to be continuous with rocks mapped as Albee
Formation (Ordovician) by Green (oral and written communs., 1960—
61) in the Errol quadrangle in northern New Hampshire. The north-
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ern part of the Boundary Mountain anticlinorium is underlain by a
quartzofeldspathic granofels unit which contains abundant lithic frag-
ments, This rock unit extends as far south as the southern edge of the
Chain Lakes quadrangle (fig. 2, C-4) and along the international
boundary on the east side of the Arnold Pond quadrangle (C-3). On
the west side of the Cupsuptic quadrangle (D-3) and the east side of
the Second Lake quadrangle (D-2), a pebbly feldspathic graywacke
is found north of the two slate and phyllite units. The relationships of
the granofels and graywacke have not yet been demonstrated because
of poor accessibility in the intervening area; however, the graywacke
is probably a lithologic equivalent of the granofels, and it is included
with the granofels on the map.

Although the granofels unit was assigned to the Precambrian by
Boucot (1961, p. 185), more likely it should be tentatively assigned
an Ordovician or Cambrian age. Allowing for reasonable sedimentary
and metamorphic differences, the granofels is similar to rocks in the
vicinity of Dixville Notch in northern New Hampshire. The Dixville
Notch rocks are assigned to the Ordovician (Hatch, 1963, p. 18) and
seem to intertongue along the Maine-New Hampshire border with the
feldspathic graywacke. More detailed mapping by John Green (oral
commun., 1960; 1962) in the Second Lake quadrangle (D-2) also seems
to support this interpretation.

The pre-Upper Silurian metasedimentary rocks are intruded by
diorite or gabbro, which in turn is intruded by the coarse-grained por-
phyritic Attean Quartz Monzonite. These intrusive rocks are also
overlain unconformably by the Upper Silurian rocks. Similarity of
lithologic characteristics and of stratigraphic relationships suggests
that the quartz monzonite is equivalent to the Highlandcroft Plutonic
Series of New Hampshire (Billings, 1956, p. 46-48, 106). Many small
ultramafic bodies also intrude the pre-Upper Silurian rocks. Ultra-
mafic intrusive rocks throughout New England are almost entirely con-
fined to Cambrian and Ordovician rocks and have commonly been
assigned an Ordovician age. Several serpentinite masses, however,
intrude the Frontenac Formation (Lower Devonian) in the Woburn
quadrangle (fig. 2, C-3) (Marleau, 1958b, p. 120).

UPPER SILURIAN ROCKS

Silurian rocks occur as discontinuous lenticular units and include
limestone, calcareous sandstone and mudstone, conglomerate, arkose,
limestone conglomerate, and felsic volcanic rocks. Many units are
dated by paleontologic evidence as Late Silurian (early Ludlow) and
one as Middle Silurian (Wenlock), but several can be dated only as
pre-Early Devonian (Becraft-Oriskany). No rocks of late Ludlow
Age are known. In the Spencer Lake (C-5) and Attean (B-5) quad-
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rangles (fig. 2), the Silurian rocks were deposited near a shore which
had pronounced local relief.

PALEOGEOGRAPHY OF THE LATE SILURIAN-EARLY DEVONIAN

Along the west side of the Moose River synclinorium in the Spencer
Lake quadrangle (C-5), Boucot (written and oral communs., 1961)
has found some evidence indicating that the pre-Upper Silurian rocks
were emergent during much of Late Silurian and Early Devonian
time. The evidence includes (1) the abundance of local discontinuous
units of different ages separated by unconformities, (2) removal by
erosion of Upper Silurian rocks prior to Becraft-Oriskany time and
(or) onlap of Becraft-Oriskany rocks upon the pre-Upper Silurian
rocks, (3) lithofacies relationships, (4) relief on the surface of the
pre-Upper Silurian rocks, including the presence of possible fossil sea
cliffs and sea stacks, and (5) intertonguing of Upper Silurian or
Lower Devonian reef material, which contains large angular blocks of
pre-Upper Silurian rock debris, with slate of the same age. Similar
evidence has been found in the Attean quadrangle (B-5). In addition,
Boucot (1962) has cited the general absence of upper Ludlow and lower
Gedinnian units throughout the region as suggestive of a general
emergence during this period.

Along the west side of the Boundary Mountain anticlinorium, slate
of probable Early Devonian age rests directly upon the pre-Upper
Silurian rocks. The absence of the conglomeratic or calcareous Upper
Silurian units could be the result of a major fault or of removal by
erosion in Early Devonian time. More likely, however, the absence of
the Upper Silurian units results from the contrasting relations, along
the east and west sides of the anticlinorium, of the position of the
folded Upper Silurian shoreline and the present erosion surface. The
exposure of Upper Silurian units with near-shore characteristics on
the east side of the Boundary Mountain anticlinorium represents a
coincidence between the locations of the deformed Upper Silurian
shoreline and the present erosion surface; the absence of these near-
shore deposits on the west side results from the onlap of the Lower
Devonian slate facies onto the pre-Upper Silurian surface. The Upper
Silurian near-shore deposits on the west limb, if originally present, are
now below the present erosion surface.

LOWER DEVONIAN ROCKS

Several lithologic facies have been distinguished within the Devo-
nian rocks. (See fig. 2.) Dark-gray argillaceous sandstone, containing
minor gray slate and felsic volcanic rock, within the Moose River syn-
clinorium makes up the Tarratine and Tomhegan Formations (the
sandy facies of sedimentary rocks in fig. 2) and contains abundant
fossils of Schoharie and Becraft-Oriskany age. Slate in and adjacent
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to the Moose River synclinorium (Seboomook Formation, the slaty
facies of sedimentary rocks in fig. 2) contains fossils of Becraft—
Oriskany and New Scotland age. No fossils have been found in the
sandy facies within the Frontenac synclinorium (Frontenac Forma-
tion, the sandy facies in fig. 2), which consists predominantly of mas-
sive argillaceous sandstone containing minor slate and voleanic rock.
The western unit (the slaty facies in fig. 2) in the Frontenac syncli-
norium is characterized by argillaceous and arenaceous limestone, slate,
and sandstone and contains Early Devonian (New Scotland) fossils at
its base, in rocks similar to the Silurian rocks described above.

The slate unit in the northeastern part of figure 2 is interpreted to
be overlain by the sandy facies of both the Frontenac and the Moose
River synclinoria, but the slate and sand facies may also be in part
laterally equivalent. Although all the fossils found in these widespread
dark-gray slate, sandstone, and limestone units are Early Devonian in
age, the age of these rocks may locally extend upward into the Middle
Devonian and downward into the Late Silurian.

POST-EARLY DEVONIAN METAMORPHISM AND INTRUSIVE ROCKS
OF EARLY DEVONIAN OR YOUNGER AGE

The pre-Upper Silurian, the Upper Silurian, and the Lower De-
vonian rocks have all undergone regional metmorphism of the chlorite
grade in the northern and western part of the area and of higher
grade to the southeast. Hornblende diorite and gabbro masses intrude
the Lower Devonian rocks, especially the sandy facies of the Frontenac
synclinorium, and seems to have been somewhat affected by the re-
gional metamorphism. Plutonic rocks, predominantly medium-grained
biotite quartz monzonite and granodiorite but including some more
mafic rocks, intrude all the metasedimentary units and are surrounded
by contact-metamorphic aureoles. Isotopic ages are available for meta-
morphic or igneous minerals from several units (Hurley and others,
1959). These ages suggest that the regional metamorphism and the
intrusion of the Devonian plutons ocurred nearly simultaneously in
late Early or Middle Devonian time. The metamorphism, the intru-
sion, and the folding are all assigned to the Acadian orogeny. Al-
though the Mount Megantic stock, the circular stock in quadrangle C-2
(fig. 2), is grouped with the Devonian intrusive rocks for purposes of
construction of figure 2, radiometric age data indicate that the stock
is Cretaceous in age (Lowden, 1960, 1961 ; Hurley, 1960; and Fairbairn
and others, 1963).

NATURE OF THE TACONIC OROGENY IN WEST-CENTRAL MAINE

Several lines of evidence clearly indicate a pre-Late Silurian defor-
mation in this area; however, it can only be inferred that this was the
Taconic orogeny.

438-197—72—2
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Upper Ordovician and Lower Silurian rocks are absent in this area,
and a widespread, apparently angular, unconformity lies above the
pre-Upper Silurian rocks. Although the distribution of pre-Upper
Silurian rocks is not known in detail, a continuous sequence of these
units seems to extend from northwest to southeast, without major repe-
tition, transversely across the Boundary Mountain anticlinorium and
Moose River synclinorium that were formed during the Acadian orog-
eny. (See fig. 2.) At the south end of the Moose River synclinorium,
steeply dipping pre-Upper Silurian rocks are apparently truncated, in
an angular relation, by the overlying, less steeply dipping, Upper Silu-
rian and Lower Devonian rocks. In addition, the rather coarse-grained
Attean Quartz Monzonite, inferred to be Cambrian or Ordovician in
age, was apparently unroofed and rather deeply eroded before Upper
Silurian rocks were deposited over it. Furthermore, relict sillimanite,
partly altered to white mica, and garnet occur locally within the pre-
Upper Silurian granofels unit in the Spencer Lake and Attean quad-
rangles. This high-grade metamorphism cannot be attributed to the
Middle Devonian regional metamorphism, which only attained chlorite
grade in this area, nor does high-grade metamorphism seem to be
related to any intrusive mass.

All these relations seem to indicate a pre-Late Silurian orogeny of
major proportions involving metamorphism of sillimanite grade and
major deformation and uplift. The intrusion of the Attean Quartz
Monzonite may possibly be related to the same event. Future investiga-
tions may delimit the time of orogeny more closely; on the basis of
present evidence, however, it is inferred to be the Taconic and will be
referred to as such in this report.

GEOMORPHOLOGY

The Attean quadrangle is within the Boundary Mountains (Fenne-
man, 1938, p. 346), a range which extends from the White Mountains of
northern New Hampshire northward along the Quebec-Maine border.
Southwest of the Attean quandrangle, the range is a maturely dissected
highland area containing many peaks between 3,000 and 4,000 feet in
altitude. A series of east-northeast-trending ridges extends along the
international boundary and across the extreme northern part of the
Attean quadrangle. Boundary Bald Mountain, just northeast of the
Attean quandrangle, is the highest peak (3,640 ft alt) in this series of
ridges, which disappears abruptly a few miles to the east. An area of
more subdued relief extends from the central part of the Attean quad-
rangle eastward along the Moose River.

The highest peak in the Attean quadrangle, No. 5 Mountain, has an
altitude of 3,168 feet and a relief of 1,988 feet along its steep east face.
Much of the southern and central part of the area, which includes most
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of the lakes and the course of Moose River, has an average altitude of
approximately 1,200 feet and a subdued relief of several hundred feet.
No. 5 Mountain (3,168 {t), No. 6 Mountain (3,280 ft), Attean Mountain
(2,442 ft), Sally Mountain (2,221 {t), and Burnt Jacket Mountain
(2,280 ft) rise conspicuously above this region of subdued relief. A
triangular area having several hundred feet of relief rises gradually
northward from an altitude of about 1,200 feet near Jackman to one of
about 1,800 feet ; it includes most of Dennistown. Slidedown Mountain
(2,691 ft) and Sandy Stream Mountain (2,869 ft) are prominent peaks
in the series of east-northeast-trending ridges in the extreme northern
part of the quadrangle and along the international boundary.

The international boundary marks the divide between the Kennebec
and St. Lawrence drainages. Most of the area drains into Moose River
and thence to Moosehead Lake and the Kennebec River, but Boulder
and Whipple Ponds in the extreme southeast section drain to Spencer
Stream and thence to the Dead River and the Kennebec River. Wood
Stream, Sandy Stream, and Barrett Brook are the major tributaries of
Moose River in the area. Much of the Attean quadrangle is poorly
drained, owing to glacial deposits and to the low gradient of Moose
River. Presently, the flow of water on Moose River and its tributaries
in the area is not artificially controlled. The dams shown on the topo-
graphic map on Barrett Brook, Wood Stream, Stony Brook, and Sandy
Stream are ruins of sluice dams that were used to control the flow of
water for driving logs on these streams and on Moose River. Dams have
been built on the small pond west of Crocker Pond and on Crocker
Pond, and a penstock has been built to deliver water from Crocker
Pond to a hydroelectric plant in the valley to the east.

A striking correlation exists between the topography and both the
bedrock and the surficial geology. An area underlain by pre-Upper
Silurian granofels in the southwestern and west-central part of the
quadrangle is marked by very knobby topography. An area underlain
by pre-Upper Silurian granitic rock in the southeastern part is much
smoother and rather featureless owing to extensive cover of surficial
deposits. In the areas north of Holeb Pond and on mountain tops, gla-
cial plucking of the jointed rock has produced a knobby rectilinear pat-
tern. The area underlain by Devonian slate shows on the map as rather
smooth ridges between the south-flowing streams. In the vicinity of
Beaver Pond, a marked contrast can be seen between the topography
over the slate and the knobby terrain underlain by the granite. How-
ever, the apparently smooth north-trending ridges actually consist of
small closely spaced east-northeast-trending ridges parallel to bedding
and cleavage. These cross ridges are concealed by a heavy growth of
hardwood in this area. The mountains in the north also consist of nar-
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row east-northeast-trending ridges; narrow valleys 40-150 feet deep
between ridges are not uncommon, although not expressed on the topo-
graphic map. The cross ridges show clearly on aerial photographs
because the darker conifers are most abundant on the crests and north
slopes of the ridges. The ridges can also be seen clearly from U.S.
Route 201 near the north edge of the quadrangle. Wood Pond seems
to occupy a depression caused by the weathering of a granitic stock.

Throughout the area the lower slopes, especially the northwest
slopes, of hills have been modified by thick accumulations of glacial
till, producing a smoother topography. The low-lying areas in the
southeast are underlain by bouldery till and have an extremely hum-
mocky topography. The areas of outwash near Jackman and Holeb
are flat, but the outwash area along Sandy Stream is hummocky. The
ice-channel deposits form distinctive linear ridges.

BEDROCK GEOLOGY
PRE-UPPER SILURIAN ROCKS

Pre-Upper Silurian rocks occur throughout the central and southern
part of the area and occupy somewhat more than half the Attean
quadrangle. (See pl. 1.) They are overlain unconformably by fossilifer-
ous Upper Silurian and Lower Devonian units. The oldest of the pre-
Upper Silurian units is the granofels unit, which is a complex of
quartzofeldspathic metasedimentary rocks. The unit has been intruded
successively by diorite, the Attean Quartz Monzonite, quartz porphyry
dikes, aplitic quartz monzonite, and mafic dikes, all pre-Late Silurian
in age. In many places throughout the area, all these rocks have under-
gone extensive alteration, probably during the post-Early Devonian
regional metamorphism.

GRANOFELS UNIT

The granofels unit is the same as the pre-Silurian complex mapped
by Marleau (1958b, p. 20) in adjacent Quebec.

The granofels unit crops out in the southwestern part of the Attean
quadrangle and has been observed in reconnaissance in continuous out-
crop from the Woburn area to the Attean area; it underlies much of
the Chain Lakes quadrangle, the southeast corner of the Skinner quad-
rangle, and the western side of the Spencer Lake quadrangle (fig. 1.).
In present usage, other pre-Upper Silurian rocks which crop out in the
Kennebago Lake quadrangle and east of the Moose River synclinorium
are not included in the granofels unit.

Typical granofels of this unit is well exposed on the steep slopes
north of Barrett Pond (SW=-0.4,1.8) and in the vicinity of McKenney
Pond (WC-0.7, 1.5). The granofels crops out on a graveled logging
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road that traverses the northwest corner of the Spencer Lake quad-
rangle and northeast corner of the Chain Lakes quadrangle; it is well
exposed in roadcuts on State Route 4 on the north side of Chain Lakes.

The unit consists of quartzofeldspathic granofels, but its outcrop
area includes masses of diorite too small to map. These small diorite
masses are similar to the larger masses shown separately on the geo-
logic map and described in the next section. The unit is chiefly a fine-
grained to dominantly medium-grained quartzofeldspathic granofels
or gneiss that contains approximately 15 percent white mica, biotite,
and chlorite, which are visible in hand specimen. The rock is greenish
gray on a fresh surface and weathers to white or light gray, but the
surface is almost invariably dark brown or gray stained and lichen
coated. Lithic fragments, ranging from 0.5 inch to 20 inches in diam-
eter, occur in most outcrops and locally are very abundant, forming
as much as 15 percent of the rock. Many rock fragments are now merely
clots of mafic minerals, but quartz “balls,” hornblende-plagioclase rock,
greenstone, and quartz-epidote schist are abundant.

The granofels is characteristically massive and extensively frac-
tured. Bedding is uncertain and a measurable gneissic foliation is
formed in only a few places. Fractures occur predominantly in local
sets and have irregular surfaces. Some fractures have slickensides and
elongate aggregates of platy minerals on their surfaces.

Thin-section study has indicated that the granofels consists of nearly
equant grains of quartz and feldspar, commonly about 1 millimeter
(mm) in diameter. A considerable range in grain size is usually present
in most specimens, however, and some specimens have a distinct
bimodal distribution. Grain contacts are extremely sutured. Quartz
has undulatory extinction, and a few grains have been fractured ; but
cataclastic textures are not present. Biotite and white mica are inter-
stitial to the granular minerals, commonly in small clots.

Typical granofels consists of 40-50 percent quartz, 30-50 percent
feldspar and its alteration products, and 10-20 percent. biotite, white
mica, chlorite, and clinozoisite-epidote group minerals. Estimated
mineral content from thin sections of typical granofels are given in
table 1. Feldspar contains, or commonly is completely altered to, aggre-
gates of very fine grained white mica, clinozoisite, and rare carbonate.
Most feldspar seems to have been plagioclase, but. potassium feldspar
was found in several specimens. The g refractive index of the relict
plagioclase, relative to that of quartz and balsam, indicates that the
plagioclase commonly has a composition of Ans,..;. Maximum extine-
tion angles greater than 20°, measured on relict albite twinning in
several specimens, indicate that the plagioclase may have been more
calcic before alteration.
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TasrLe 1.—Estimated modes of the granofels untt, Attean quadrangle, Maine

[Volume percent]

Fragments from
Quartzofeldspathic granofels quartzofeldspathic
gransofels

Sample._..__...___.__ 1 2 3 4 5 6 7

Field No..._......_... BA-915 BA-904 BA-697 BA-777b  BA-5%5  BA-926f BA-966a

Location1__.__.___.__ SW-3.97, SW-146, SW-1.00, WC-0.62, WC-2.43, SW-L70, 8SW-2.45,
1.25 2. 56 1.80 2.01 170 1.79

Quartz.._..._..__....__ 50 55 60 45 25 70 12
Plagioclase. _..__..... }

White mica 2. _.__.
Clinozoisite 2. _. ..

White miea. ... .._._. 13 2
Biotite_ ......_......_

b
Chlorite. .. ......._. 7 1 1 e
Clinozoisite-epidote. . <l ... <1 <1 o 3 540

Hornblende.. .
Actinolite._ .
Sillimanite .
Apatite.....
Magnetite. . ... ... _.____.__

! Explanation in description of fieldwork.
2 Plagloclase alteration mineral.
3 Moderate alteration.

N4,
§ High alteration.

The biotite is red brown, brown, and rarely green in plane-polarized
light; it is partly altered to chlorite, white mica, and titanium min-
erals (ilmenite, rutile, sphene, and leucoxene), and a small amount
has been altered to a pale-green biotite. Chlorite, biotite, and white
mica occur in parallel intergrowths with each other; the chlorite and
white mica grade into biotite along the cleavage planes. All the
chlorite seems to have formed during the alteration, but part of the
white mica occurs as larger plates, like the relict biotite, and was ap-
parently part of the rock before alteration. Chlorite has a negative
sign, a positive sign of elongation, and abnormal violet or blue inter-
ference colors, which indicate that it contains more iron than mag-
nesium (Albee, 1962). Magnetite, ilmenite, rutile, apatite, and zircon
are also present in small amounts.

A few specimens contained rather abundant hornblende, and sev-
eral finer grained specimens contained abundant clinozoisite-epidote.
Two specimens collected adjacent to the diorite contact (SW-3.55,
1.45) seem relatively less altered than those collected elsewhere. In
these, red-brown biotite is unaltered, little or no chlorite is present,
and the feldspar contains a rather small amount of white mica.

Six specimens contained small amounts of fine-grained fibrous silli-
manite occurring in small clots associated with biotite and fine-grained
white mica. In one specimen, the sillimanite is clearly within a lithic
fragment, about 25 mm thick, consisting of quartz, potassium feldspar,
biotite, and fibrolitic sillimanite. This fragment contained a sufficient
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amount of sillimanite to separate out and verify its identity by X-ray
diffraction methods. Clots of sillimanite were also found within very
fine grained aggregates of white mica or white mica and chlorite,
which might be interpreted as highly altered detrital feldspar or
biotite grains. However, other clots of sillimanite occur within the
matrix of the rock, making it seem impossible to ascribe a detrital ori-
gin to the sillimanite. Because sillimanite does occur in the matrix,
the sillimanite in the detrital fragments may also have formed during
metamorphism; a larger amount was found in the fragments simply
because the fragments were more aluminous than the matrix,

The lithic fragments are difficult to identify in the field. The most
abundant types are fine- and medium-grained mafic fragments. Quartz
“balls” consisting of nearly spherical aggregates of rather clear quartz,
much like vein quartz in appearance, are also abundant. Foliated in-
clusions that consist mainly of quartz were noted in many outcrops;
one such inclusion contained a small tight fold. Most of the fragments
are 1-2 inches thick and subrounded to subangular, but fragments as
much as 20 inches thick were seen. A wide variety of inclusions may be
seen in large outcrops near Barrett Brook (SW-1.70, 1.70; SW-2.45,
1.79). A more accessible outcrop near Holeb (SW-1.45, 5.25) contains
many fragments, but nearly all are mafic.

Thin sections of 15 fragments were studied ; eight consisted chiefly
of hornblende and plagioclase and their alteration products; two, of
actinolite, chlorite, and plagioclase; four, of quartz and epidote; and
one, of quartz and plagioclase. The quartz-bearing fragments are
foliated and thinly layered. One foliated fragment contained a tight
fold, indicating that the foliation is predepositional. The quartz-
epidote rock seems to have formed by alteration of the quartz-plagio-
clase rock, and hornblende grains contain cores of pyroxene in several
of the hornblende-plagioclase fragments.

An unusual cobble conglomerate that contains clasts of mafic rock is
exposed along the Scott Paper Co. road in the northwestern part of
the Spencer Lake quadrangle (NW-38.2, 8.4). The cobbles in this con-
glomerate are rather abundant and closely packed; the predominant
lithology 1s hornblende-plagioclase rock. Some mafic cobbles are them-
selves fragmental rock. The matrix of this conglomerate closely resem-
bles the typical granofels unit; it is quartz rich and contains lithic
fragments similar to those found in the granofels. Reaction rims con-
taining biotite, chlorite, quartz, and garnet separate some of the mafic
fragments from the matrix. Many fragments are cut by quartz-feldspar
veins that closely resemble the matrix in texture and mineral composi-
tion. The areal extent of this rock in the Spencer Lake quadrangle is
unknown, but it seems to correspond to a 4-mile-long northeast-trend-
ing magnetic high on the aeromagnetic map of Hurley and Thompson
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(1950). This rock does not extend into the Attean quadrangle, but
several outcrops of granofels that contain many large mafic fragments
occur along the shores of Long Pond (WC-1.05, 1.95).

The lack of layering apparent homogeneity, and high feldspar and
low muscovite content give the granofels the general appearance of a
granodiorite. No bedding or thick layering was noted in the unit
within the Attean quadrangle, although rarely the rock has a poorly
formed gneissic layering. Marleau (1958b, p. 21), however, describes
layers of pure metaquartzite alternating with layers of granofels
along the international boundary. Also, Hurley and Thompson (1950)
and Boucot (1961, p. 185) describe several different rock types in the
Chain Lakes and Spencer Lake quadrangles; these rocks would seem
to be within the granofels unit if the tentative genesis of the unit
offered below is correct.

The granofels was probably a sedimentary rock which underwent
metamorphism as high as the sillimanite grade prior to Late Silurian
time and retrograde alteration during the metamorphism which af-
fected the Devonian rocks of this area. The inference of a sedimentary
origin is based upon (1) mineral composition, particularly the high
content of quartz associated with high plagioclase and low potassium
feldspar contents (2) the variety and widespread distribution of lithic
fragments and (3) poorly preserved relict clastic textures.

The mafic lithic fragments possibly were deposited as fragments of
mafic voleanic rock which were subsequently altered to the present
hornblende-plagioclase assemblage by the pre-Late Silurian meta-
morphism. The mafic cobbles, which are themselves fragmental, may
have been fragments of a volcanic breccia. Such a close association with
volcanic source areas could explain many peculiar features of the
granofels unit, particularly the massive nature and high plagioclase
content in association with a high content of quartz. The matrix of a
sedimentary rock that contains abundant volcanic fragments would be
expected to contain substantial amounts of feldspathic volcanic
detritus; moreover, such a rock would tend to be rather homogeneous
and poorly sorted, but hardly devoid of internal layering. The ap-
parent lack of obvious internal layering, relict or otherwise, within the
granofels unit remains to be adequately explained. The preponderance
of quartz detritus in sediments with a requisite mafic voleanic prove-
nance is obviously problematic also.

DIORITE

Diorite crops out in two large masses in the southwest part of the
Attean quadrangle. The southernmost diorite mass contains abun-
dant inclusions of granofels near its contact (SW-2.45, 1.85) and some
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inclusions well within the mass. Contacts of the northern mass were
located primarily by aeromagnetic data.

Many small diorite masses also crop out within the granofels unit,
but they are too small to show on the map. Many of these small bod-
les are merely isolated outcrops whose relations to the granofels can-
not be seen, but others are clearly tabular dikes or sills. In several
places within the unit, admixtures of diorite and granofels crop out
in widely different proportions and in irregular patches of widely
different sizes. Such admixed rocks are well exposed on the summit
and south slope of an unnamed mountain in the west-central part of
the area (WC-3.4, 2.7), where the relation seems to be that of an ir-
regular diorite intrusive rock that contains abundant inclusions of
granofels, further complicated by later intrusions of dikes and
epidote-quartz-feldspar veins. Similar relations between diorite and
granofels, although further complicated by intrusion of Attean
Quartz Monzonite, are found in a roof pendant of that pluton (SC-2.1,
1.3) and on the west summit ridge of Burnt Jacket Mountain (C-0.8,
2.8).

The diorite is a fine- to medium-grained dark-greenish-gray rock that
consists mostly of plagioclase and hornblende. Single outcrops have
varied degrees of alteration caused by the post-Early Devonian
metamorphism. Qutcrops of least altered granular diorite contain
patches and thin lenses of very fine grained dark-greenish-gray rock
that has a faint foliation or a poor conchoidal fracture. Irregular veins
and patches of quartz and epidote are abundant.

The least altered diorite is dark greenish gray (commonly speckled
dark green and white in hand specimen), medium grained, and
granular. The original rock consisted of approximately 60 percent
plagioclase and 35 percent hornblende, as determined from the least
altered varieties; minor constituents probably included magnetite,
ilmenite, apatite, and zircon. Estimated modes of typical specimens
are given in table 2.

The least altered diorite conmsists of equant grains of plagioclase
(~1 mm thick) and somewhat larger grains of hornblende, which com-
monly contain inclusions of plagioclase. Hornblende has the following
properties: 2V (—)==75%; Z/\c~25°; and pleochroism, X, light yel-
low; Y, dark green; and Z, blue green. Hornblende has been partly
altered to aggregates of chlorite, clinozoisite-epidote, fibrous actinolite,
and, less commonly, to opaque minerals and biotite. The chlorite has
a positive sign and abnormal brown interference colors, which suggest
an iron to magnesium ratio of somewhat less than one. The actinolite
(Z N\ c=~20°) occursas light-green fine needles.



20 GEOLOGY OF THE ATTEAN QUADRANGLE, MAINE

TABLE 2.—Estimated modes of diorite, Attean quadrangle, Maine
[Volume percent]

Diorite from
smaller mass

Diorite from large mass in southwest corner, (not shown on
Attean quadrangle pl. 1) within the
quartozofelds-
pathic granofels
Sample.._..._____.____. 1 2 3 4
Field No._ . BA-404a BA-404b BA-930 BA-964 BA-986a
Location! ______________ 8W-3.50, 2456 SW-3.50, 2.45 SW-2.90,2.00 SW-2.00,1.94 WC-3.37,2.71
1 5 ... 10 .
49 40 .
Mo 2 550 ) ‘45
White mica2____..__ 1 %Y
Hornblende_._______._. 30 ... 50 540 355

1 Explanation given in description of fieldwork.
2 Plagioclase alteration mineral.

3 Angs.
+ High alteration.

§ Minor alteration.
tSchistose, original texture destroyed.

Plagioclase is highly altered, even in rocks in which the hornblende
is virtually unaltered. In many specimens, plagioclase has been com-
pletely replaced by a fine-grained aggregate of zoisite-clinozoisite
group minerals and white mica, but the feldspar twinning has been
preserved by preferred orientation of the alteration minerals. In
slightly altered plagioclase, white mica predominates over zoisite-
clinozoisite ; in highly altered plagioclase, zoisite-clinozoisite is more
abundant. On the basis of several slightly altered specimens, the orig-
inal plagioclase is inferred to have had a composition of about Ans.
Small amounts of quartz in many specimens are probably related
to the alteration, but several specimens collected near the contact con-
tain quartz which may be primary. Minor amounts of pyrite, sphene,
and rutile are also related to the alteration.

Contact relations indicate that the main mass of diorite intrudes the
granofels unit. However, a rock that has this texture and mineralogy
can form either by crystallization from a melt or by metamorphism
(Wasserburg and others, 1964), and no textural or mineralogi-
cal evidence indicates the precise method of formation of the present
hornblende-plagioclase assemblage here. The diorite is older than the
Attean Quartz Monzonite, which is probably younger than the pre-
Late Silurian metamorphism, but no positive evidence was found to
indicate that the diorite intrusion preceded the pre-Late Silurian
metamorphism of the granofels unit. A possible explanation of the



PRE-UPPER SILURIAN ROCKS 21

present diorite occurrence is that the main mass retained its original
igneous texture and mineralogy when subjected to regional meta-
morphism, whereas some of the isolated bodies within the granofels
unit were formed by metamorphism of fine-grained mafic volcanic
rocks or dikes.

ATTEAN QUARTZ MONZONITE

The Attean Quartz Monzonite is herein adopted and is named for its
excellent exposures along the shores of Attean Pond and on Attean
Mountain in Attean Township. The type locality is along a line trend-
ing azimuth 250° from the unnamed islands in the southwest part of
Attean Pond (SE-1.14, 4.56) to the summit of Attean Mountain
(SC-3.80,4.02). Other reference localities of the unit are designated as
follows: (1) Along a line trending azimuth 230° from Holeb Falls
(SC-3.12,2.30) to the base of No. 5 Mountain west of the Tobey Ponds
(SC-2.10, 1.34), and (2) along a line trending azimuth 313° from a
point on the north shore of Little Big Wood Pond (C-3.20, 3.78) south
of Sugar Berth Pond to the trail in the saddle at location (C-2.74,
4.23). Aplitic quartz monzonite (discussed in a following section)
probably represents a late-stage facies of the Attean Quartz Monzonite,
but the possibility remains that the rock could be much younger.
Excepting one discrete body on Sally Mountain (SE-0.2, 5.5), the
aplitic rock is mapped with the Attean Quartz Monzonite and is not
shown by a separate symbol on the bedrock geologic map. (See pl. 1.)

The Attean Quartz Monzonite has a greater areal extent than any
other unit in the Attean quadrangle; it crops out in a broad band north
and east of the granofels unit. This band extends only a mile or so west-
ward into the Skinner quadrangle (fig. 2, B-4), but it continues south-
east of the Attean quadrangle, where quartz monzonite occupies the
southwestern part of the Long Pond quadrangle (fig. 2, B-6), the
northwestern part of the Pierce Pond quadrangle (C-6), and the
northeastern part of the Spencer Lake quandrangle (C-5). A U.S.
Geological Survey aeromagnetic map (Bromery and Gilbert, 1962)
indicates that the small intrusive body on the west border of the Attean
quadrangle extends only about a mile into the Skinner quadrangle. A
magnetic low about 1.5 miles long in the Skinner quadrangle corre-
sponds with outcrops of quartz monzonite at Skinner Station, and the
pattern suggests that quartz monzonite may be present under the topo-
graphically low area in the west-central part of the Skinner
quadrangle.

The amount of alteration caused by the post-Early Devonian meta-
morphism differs greatly from place to place; south of Little Big
Wood Pond, the Attean Quartz Monzonite is only slightly altered
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compared to the quartz monzonite to the north and west, which is
highly altered and has a cataclastic schistosity. The rock in these two
areas will be described separately. Typical less altered quartz monzo-
nite is exposed in the railroad cuts north of Attean Pond and on the
shores of Attean and Holeb Ponds; outcrops accessible by road are on
the road from Parlin Pond to Spencer Lake in the northeast part of the
Spencer Lake quadrangle. Typical highly altered Attean Quartz Mon-
zonite crops out in the vicinity of Smith Pond (C-0.37,4.82) on a log-
ging trail which is on the extension of a driveable road from Crocker
Pond to Wood Stream.

Intrusive relations in the border zone indicate that the Attean Quartz
Monzonite is younger than both the granofels unit and the pre-Upper
Silurian diorite. Such relations are well exposed on a peninsula and
several islands in Holeb Pond (SC-0.16, 5.6), near Tobey Ponds
(SC-2.2, 1.6 and 2.35, 1.75), and on the west summit of Burnt Jacket
Mountain (C-0.6, 3.3). Dikes of Attean Quartz Monzonite and aplite
cut the granofels and the diorite, and inclusions of both the older rocks
occur within the Attean Quartz Monzonite. Inclusions are generally
found only a short distance into the quartz monzonite from the line
mapped as the contact, but irregular masses and dikes of quartz mon-
zonite and aplite occur well away from the contact. Widespread con-
tact-metamorphic effects related to the intrusion of the quartz
monzonite could not be discerned. The granofels and diorite seem some-
what coarser grained at the contact, and in detail, many of the contact
zones show complex relations manifested by a wide array of rock types
suggestive of partial assimilation. One contact-zone rock type, a two-
feldspar rock high in hornblende and low in quartz, contains abundant
inclusions and may represent quartz monzonite contaminated by reac-
tion with the inclusions. Locally, lit-par-lit injection has occurred,
resulting in alined lenticular inclusions separated by feldspathic rock
apparently related to the quartz monzonite.

A distinet stratigraphic unconformity indicates that the Attean
Quartz Monzonite is older than the metasedimentary rocks which
rest upon it and contain Late Silurian fossils. This unconformity is
well exposed along the south flank of Sally Mountain near the eastern
summits and north of Little Big Wood Pond (C-2.74, 4.23) where,
respectively, a coarse polymictic conglomerate and a granule con-
glomerate may be seen in contact with the quartz monzonite, which
appears to have contributed appreciably to the clastic material.

An Ordovician( %) age is assigned to the Attean Quartz Monzonite
in consideration of intrusive relationships, the unconformity, and
radiometric age determinations described in a later section.
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SOUTH OF LITTLE BIG WOOD POND

In the area south of Little Big Wood Pond, the Attean Quartz
Monzonite is only slightly altered. It is a mottled pink and green
medium- to coarse-grained porphyritic quartz monzonite characterized
by large phenocrysts of potassium feldspar. The rock consists of about
equal amounts of quartz, pink potassium feldspar, and white or
greenish plagioclase and about 5-10 percent mafic minerals. Except for
the abundant joints, the rock is massive and essentially structureless,
so that it forms generally smooth rounded outcrops. The potassium
feldspar phenocrysts are notably alined in only a few places. Mafic
inclusions are rare, but have a planar alinement in a few places. Struc-
tures that consists of a concentration of epidote in and adjacent to
fractures commonly form a network which stands up above the
weathered surface of the quartz monzonite.

The texture of the slightly altered quartz monzonite is rather
uniform throughout the area; it is everywhere porphyritic and the
grain size of the matrix is apparently uniform, although the maximum
size of the tabular phenocrysts differs from outerop to outcrop. Typical
quartz monzonite is coarse grained and contains equant quartz and
plagioclase grains, mainly 3-5 mm thick, and large tabular potassium
feldspar phenocrysts 10-50 mm long.

Our best estimate of the overall composition of the Attean Quartz
Monzonite is as follows: Quartz, 25-30 percent; potassium feldspar.
30-35 percent; plagioclase, 35—40 percent; mafic minerals, 5-10 per-
cent. The abundance of potassium feldspar phenocrysts differs from
place to place within a single outcrop, so that it is difficult to estimate
an average mode. Field observations and the average of the range of
modes observed in 11 individual thin sections (table 3) suggest that
quartz, potassium feldspar, and plagioclase are present in nearly equal
amounts. Modes of three typical samples of quartz monzonite are also
given in table 3. These measurements were made by counting points
under a lens; a 1/16-inch-spaced transparent dot pattern was used as
a grid on a polished slab in which the potassium feldspar had been
stained. In one of these samples, potassium feldspar is more abundant
than plagioclase, but in the other two, plagioclase is more than twice
as abundant as potassium feldspar. Modes for five individual slabs
(table 3, samples 1-3) and inspection of other slabs indicate a distinct
difference in composition among samples of the quartz monzonite, even
at the scale of the slabs. However, the relative proportions of potassium
feldspar and plagioclase in the measured mode of BA-766 (table 3,
sample 2) correspond rather well with those of its norm (table 4).
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TABLE 3.—Modes and dominant grain 8izes of the Attean Quartz Monzonite, Attean
quadrangle, Maine

Sample_._.__._..____. 2 3 4
Field No. BA-647 BA-766 BA-578 11 thin sectlons
Location 1_ SC-3.10, 1.95 SE-1.16, 4.50 SW-3.82,566____ ... ____.____
Slab1 Slab2 Average Slabl Slab2 Average .._.____.._ Average Range
Modes, in volume percent
Quartz_____ 210 18.5 19.9 25.6 30 2045
Potassium 19.3 22.3 20.7 37.9 30 19-40
Plagioclase 3. 46.5 49.3 347.9 1318 35 2248
Hornblende . g ________________________________
<1 T 3y T
g
__________________ <
131 100 i <1 6 312
......... <1
__________________ <1
<1 <1
Trace - - oo
Dominant grain sizes, in millimeters
Potassium feldspar_.___.._______._____ 516 .. 10-25 510 . ...
Plagioclase._ ... 36 e 3-8 35 .

1 Explanation given in description of fieldwork.
2 klc udes alteration products: white mica, ‘“‘clay,” and clinozoisite.
2 Ans.

1. Typical Attean Quartz Monzonite; mode based on 2,670-point grid of 25 square inches on two polished
and stained slabs from different specimens. Slab 1: 1,331 points over 12.5 square inches. Slab 2: 1,339
points over 12.5 square inches.

2. Typical Attean Quartz Monzonite; chemical analysis given in table 4 and potassium-argon age for biotite
given in table 12. Mode based on a 2,449-point grid of 18 square inches on two polished and stained
slabs c!ilt flrlom one specimen. Slab 1: 1,296 points over 12.5 square inches. Slab 2: 1,153 polnts over 5.5
square inches.

3. Typical Attean Quartz Monzonite; mode based on a 1,228-point grid of 7 square inches on a polished
and stained slab.

4. Average and range of estimated modes for 11 thin sections of little-altered Attean Quartz Monzonite.

TaBLE 4.—Chemical analysis and CIPW norm of the Attean Quartz Monzonite,
Attean quadrangle, Maine

[Analyzed by methods described by Shagiro and Brannock (1956). Modes for sample BA-766 are given in
table 3. Laboratory No. 156031; field Nos. BB-2626b and BA-766; location,! SE-1.16, 4.50]

Chemical analysis (weight percent) CIPW norm
Si0g- . 70.2 Magnetite_ .. _______._________ 1.6
TiOg o ____ .47 Tlmenite_ ____ ________________ .7
ALOs . ____ 14.5 Apatite._____________________ .6
FeOs o __. 1.4 Potassium feldspar____________ 23.0
FeO______ . 1.3 Sodium feldspar.______________ 29. 2
MnO____ o ____ .06 Caleium feldspar______________ 13.7
MgO__ o ____ .87 Hypersthene.._._______________ 2.9
CaO_ . __ 31 Quartz_ - - 28.1
Na,O_ . 3.2 Corundum.._.____ . oo 2
Kgo _______________________ 3. 8 -
POy ____ 26 Total . _ o ___- 100. 0
HO__ . o ____ . 83
COy ... <. 05

Total _ . ______________ 100

1 Explanation given in description of fieldwork.
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good enough to give well-defined basal spacings for the micaceous min-

The quartz monzonite south of Little Big Wood Pond has pro-
nounced metamorphic alteration effects, even though it is characterized
as relatively slightly altered. Thin granulated zones and epidote-filled
fractures are abundant; the potassium feldspar is pink or reddish,
and the plagioclase is commonly green. In thin section, one can see
mortar texture, granulated zones, offset twin planes in feldspar, un-
dulatory extinction in quartz, and alteration of mafic minerals and
plagioclase. Figure 3 illustrates various degrees of alteration and
cataclastic deformation.

The tabular potassium feldspar phenocrysts are commonly twinned
according to the carlsbad law and rarely have well-formed rims of
plagioclase. The potassium feldspar is a fine microperthite. X-ray
diffraction patterns obtained with CuK « radiation have (201) peaks at
20 values of 20.9°-21.0° and 22.0°, indicating the presence of potassium-
rich and sodium-rich phases. Values for A2¢ of 130-130) are 0.65°—
0.7°, indicating that the mineral has an intermediate degree of tri-
clinicity. The potassium feldspar is virtually unaltered compared to
the plagioclase ; the red color is apparently due to clouding by dustlike
particles. In some specimens the sodium-rich phase of the perthite is
more clouded than the potassium-rich phase.

Albite twinning and, less commonly, other types of twinning can
be seen in the plagioclase, in spite of the intense alteration. Zoning is
commonly reflected by differences in the amount of alteration. Plagio-
clase in three samples, the modes of which are given in table 3, has a
composition Any; (8=1.548). The « index of plagioclase from another
specimen was measured by a single-variation method on the universal
stage; its composition is Ang., («=1.5443, 2Vy=96.0°). X-ray dif-
fraction patterns show a (201) peak at a 2 4 of 22.0°, which indicates a
low potassium content. A low structural state is indicated by A26
(131-131) values of 1.2° to 1.4°. Rarely, plagioclase has clear rims
of albite.

In thin section the principal alteration products of the plagioclase
appear to be “white mica,” “clay,” and clinozoisite-epidote. Attempts
to check this mineralogy by X-ray diffraction methods were not en-
tirely successful. Using a dental drill, plagioclase was removed from
three of the stained slabs. The powder from this removed plagioclase
was sedimented, and the finer grained material was given a preferred
orientation by settling onto a glass slide. Three X-ray diffraction pat-
terns obtained with Cu/K« radiation were then obtained from each of
these prepared samples: (1) untreated, (2) after treatment with ethyl-
ene glycol, and (3) after heating to 500°C. Because abundant plagio-
clase still remained in the samples, the preferred orientation was not
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F16URE 3.—Photomicrographs showing alteration and cataclasis in the Attean
Quartz Monzonite. A, Relatively unaltered rock with alteration only in
plagioclase. Crossed polarizers. B, Highly altered rock with original texture
preserved and no evidence of cataclasis. Plane-polarized light. ¢, Cata-
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erals. The untreated samples had a rather broad compound peak at a
20 of 8.3° to 9.1° and several poorly defined possible peaks at slightly
lower angles. The samples treated with ethylene glycol had a slight shift
in the lower angle part of the broad peak and slightly better definition
in the lower angle peaks. One sample had a poorly defined kaolinite
(001) peak at a 26 of 12.4°. Only the peak at a 26 of 8.9° remained
after heat treatment. It was concluded that the alteration products are
predominantly muscovite but that a small amount of kaolinite and
possibly a mixed-layer muscovite-montmorillonite clay mineral may
be present.

The primary mafic minerals probably included biotite and horn-
blende. Relict grains of hornblende and aggregates pseudomorphic
after hornblende were noted in a few thin sections. No relict biotite
was seen, but aggregates apparently pseudomorphic after biotite were
observed in several thin sections. The presence of normative hyper-
sthene and the absence of normative calcium pyroxene (table 4) sug-
gest that the primary mafic mineral in that specimen should have been
biotite rather than hornblende, but hornblende is present in the rock.
The pseudomorphic mafic aggregates now consist predominantly of
biotite, chlorite, and clinozoisite-epidote ; minor amounts of tremolite,
sphene, ilmenite, magnetite, white mica, and calcite may also be
present.

Mafic inclusions occasionally found within the Attean Quartz Mon-
zonite consist of quartz, altered plagioclase, and aggregates of biotite,
chlorite, clinozoisite-epidote, and some other minerals; the external
forms of the aggregates suggest alteration from a hornblende-rich
rock.

NORTH AND WEST OF LITTLE BIG WOOD POND

North and west of Little Big Wood Pond, the Attean Quartz Mon-
zonite is highly altered and locally has a cataclastic schistosity.
Throughout this area the quartz grains stand out prominently on the
weathered surface and give it a “hobnailed” appearance. In the eastern
part of this area, the quartz grains are generally rather equant and
have very irregular surfaces; but in the western part of the area, the
quartz grains are lenticular and alined. The cataclastic schistosity is
best formed near the northeast-trending contact with the younger
rocks in the western part of the area; here both the micaceous altera-
tion minerals and the quartz grains are alined, giving the rocks a true
micaceous schistosity (fig. 3D).

clastically deformed rock, but relatively little alteration of feldspar. Plane-
polarized light. D, Cataclastic schistosity combining cataclasis, high alter-
ation, parallel preferred orientation of the micaceous alteration products.
Crossed polarizers.

438-197—72—-3
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Fresh surfaces of this rock are green, and large potassium feldspar
phenocrysts are only locally prominent. Potassium feldspar was pres-
ent in most thin sections of slightly altered rock, but in thin sections
of more altered rock the former presence of potassium feldspar could
not be verified, either by texture or by differences in the mineralogy
of alteration aggregates. Thus, the highly altered Attean Quartz Mon-
zonite in this northern area may possibly have been originally richer
in plagioclase, and more equigranular and finer grained, than the
quartz monzonite in the southeast.

Mortar structure, undulatory extinction, granulation in quartz, and
other textures indicative of cataclasis are extremely well formed (figs.
30, D). The primary minerals—hornblende and biotite, plagioclase,
and potassium feldspar—are similar to those found in the less altered
quartz monzonite south of Little Big Wood Pond; their relative
amounts of alteration are also similar, and the same secondary min-
erals are present.

Samples of this rock were prepared and analyzed in the same man-
ner as the samples from south of Little Big Wood Pond. Fine-grained
material was separated by sedimentation from three samples of highly
altered quartz monzonite and was settled with preferred orientation
on glass slides. Three X-ray diffraction patterns obtained with Cuf«
radiation were then taken of each sample: (1) untreated, (2) after
treatment with ethylene glycol, and (3) after heating to 500°C. The
presence of a sharp peak at a 26 of 12.5° which disappears after heat
treatment, and the absence of a peak at a 26 of 6.30° indicate that kao-
linite is present, and chlorite absent, in this separated material. Chlo-
rite is present in the rock, however. The muscovite (001) peak at a 26
of 8.9° is broad, and in two of the samples a second peak occurs at
a 20 of 8.5°, which shifts toward smaller angles after ethylene glycol
treatment and disappears after heat treatment. This relation suggests
the presence of muscovite (or illite) and mixed-layer muscovite-mont-
morillonite. Another peak at a 26 of 11.6°, which disappears after heat
treatment, may indicate the presence of metahalloysite in two of the
samples.

APLITIC QUARTZ MONZONITE

Rock that is comparable to the aplitic quartz monzonite was found
to be associated with quartz porphyry at Catheart Mountain (Long
Pond quadrangle; fig. 1) subsequent to completion of fieldwork in the
Attean quadrangle. At Catheart Mountain intensive exploration for
copper-molybdenum mineralization in a quartz porphyry series has
elucidated the relations between the Attean Quartz Monzonite and
later crosscutting intrusive rocks more clearly than was possible in



PRE-UPPER SILURIAN ROCKS 29

the Attean quadrangle. The field relationships and preliminary iso-
tope age studies at Catheart Mountain indicate that the quartz
porphyry series, including the aplitic quartz monzonite, may be much
younger than the Attean Quartz Monzonite.

Aplitic quartz monzonite dikes, generally less than a foot thick, are
common in the Attean Quartz Monzonite south of Little Big Wood
Pond; in addition, aplitic quartz monzonite forms a large part of the
rock on the south and southeast side of the west peak (SE-0.2, 5.5)
and central ridge of Sally Mountain. The aplitic quartz monzonite
may be gradational into quartz porphyry at Sally Mountain (described
in the next section), but the boundary relations of the two rocks are
obscured by cover and faulting.

The aplitic rock is fine grained and equigranular and consists of
essentially the same minerals as the Attean Quartz Monzonite, but
mafic minerals are less abundant than in the coarser grained quartz
monzonite. Cataclastic texture is common, and the feldspars of the
aplitic rock are commonly intensely altered.

QUARTZ PORPHYRY

Quartz porphyry is present as dikes throughout the granofels unit,
but these dikes are more abundant in areas near the Attean Quartz
Monzonite, and one irregular body occurs within the Attean Quartz
Monzonite on Sally Mountain. Locations of observed dikes and the
Sally Mountain body are shown on the geologic map. (See pl. 1.) The
dikes rarely occur within the Attean Quartz Monzonite, however, and
all these are very near the contact with the granofels. Quartz porphyry
dikes are especially abundant in the area around Long and Mud Ponds,
and a typical outcrop is on a point on the north shore of Long Pond
(WC-1.10, 1.90). More accessible outcrops are on the fire-tower trail
near the top of No. 5 Mountain (SC-1.36, 0.02) and in the saddle
between the south summits of No. 5 Mountain (Spencer Lake quad-
rangle, NC-1.47, 5.50). The trail leaves a driveable road at an altitude
of 1,700 feet on the stream north of Rock Pond; the road is reached
via the road from Parlin Pond to Spencer Lake. The quartz porphyry
on Sally Mountain is well exposed on a small knob (SE-0.49, 5.60) and
in several other less extensive outerops about 0.3 mile southeast.

The quartz porphyry of the dikes within the granofels unit is
massive and without planar structure and is present both as tabular
bodies several feet thick and as larger irregular masses. The rock con-
sists of subhedral phenocrysts of quartz and feldspar, set in a very fine
grained light-colored matrix. The quartz phenocrysts occur as sub-
hedral hexagonal dipyramids 3-6 mm in greatest dimension; this
crystal habit suggests that they crystallized as high quartz. Two feld-
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spars occur as blocky phenocrysts; plagioclase is greenish and potas-
sium feldspar is pinkish due to differences in the alteration minerals.
The matrix is light green, but weathering forms a rather thick tan
chalky rind.

The dike rock consists of about 10 percent quartz phenocrysts, 15
percent feldspar phenocrysts, 10 percent mafic minerals, and 65 per-
cent quartz-feldspar groundmass (table 5). The quartz phenocrysts,
although subhedral, have smooth “corrosion” contacts with the matrix.
The potassium-feldspar is a fine microperthite similar to that in the
Attean Quartz Monzonite. The plagioclase commonly is highly altered,
but a reliable index was obtained from one specimen and indicated
a composition of An,, (8=1.545). Although potassium-feldspar is
conspicuous in some of the dikes because of its coarse habit, it only
makes up 5-7 percent of the average rock, and potassium-feldspar
phenocrysts were absent in about half the specimens studied. The
matrix is commonly spherulitic and granophyrie, but in some speci-
mens it is granular and has a grain size of less than 0.1 mm. Stained
thin sections and X-ray analyses indicate that the matrix consists

TasLe 5.—Estimated modes and dominant grain sizes of quartz porphyry dikes,
Attean quadrangle, Maine

Sample... ... ... ... 1 2 3 4 5
Fleld No. ... ... .. ... ___.... BA-1077 BB-2259 BB-2182a BA-987 10 thin sections
Locatfon ' ____________ . _______._.._. SC-1.35, SW-1.52, WC-0.82, WC-3.38, Average Range
0.02 2.52 170 2.02
Modes, in volume percent

Phenocrysts:

Quartz. ... ... 15 2 20 10 1 2.20

Potassium feldspar._____. - | S } 14 3.9

Plagioclase- ..._..___ 28 3 20 10
Matrix. . 3470 387 353 5865 67 55-87
Mafic aggregates

orite..........

Clinozolsite-epidot
Ilmenite and sphene.

Phenoerysts ... .. _________ 1-5 1 1-4 -4
Matrix. . . 7 801 =04 =000 ..o

1 Explanation given in description of fieldwork.
nzs.

3 X-ray pattern indicates quartz, plagioclase, and, probably, potassium feldspar present.

4 Stained thin section indicates that spherulites are potassium feldspar.

5 X-ray gatbem indicates quartz and plagioclase present, potassium feldspar probably absent.
¢ Stained thin section indicates that potassium feldspar is absent.

7 I%Pherulitlc.

8 Micrographic and spherulitic.
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of quartz and plagioclase, and, in addition, some specimens contain
potassium-feldspar. The spherulitic and granophyric matrices contain
potassium-feldspar, although the rocks do not necessarily contain po-
tassium-feldspar phenocrysts. On the other hand, rocks containing
potassium-feldspar phenocrysts do not always contain the spherulitic
or granophyric matrix. The 8 refractive index of plagioclase in the
matrix, compared with that of quartz and balsam, indicates that its
anorthite content is about that of the plagioclase phenocrysts, An,s.

As in the Attean Quartz Monzonite, the amount of alteration of
the quartz porphyry differs greatly from place to place. Plagioclase
commonly is partly altered to white mica and clinozoisite-epidote.
Aggregates of chlorite, clinozoisite-epidote group, biotite, and
ilmenite-sphene intergrowth are all that remain of the mafic minerals
in most samples. Relict grains of orange-brown hornblende were
observed in one thin section, and possible relict grains of orange-brown
biotite, in several sections. Granulation and pronounced undulatory
extinction in quartz are attributed to cataclasis accompanying the
alteration of the other minerals.

The quartz porphyry body on Sally Mountain (SE-0.49, 5.60) is
texturally distinct from that in the dikes, but it is modally similar.
The rock consists of quartz and feldspar phenocrysts in a very fine
grained matrix. The feldspar is almost completely altered to muscovite,
montmorillonite, and calcite; because cataclastic zones are abundant
in that area, the rock can easily be mistaken for a highly altered
cataclastic rock.

MAFIC DIKES

Mafic dikes, commonly several feet thick, intrude all the pre-Upper
Silurian rocks in the Attean quadrangle. The locations of observed
dikes are shown on plate 1. The best outcrops of these dikes are on
the twin summits of an unnamed mountain north of No. 5 Mountain
(SC-1.2, 1.5; 1.2, 1.9). On the north summit a mafic dike can be
traced for several hundred feet; its thickness ranges from 2 to 10
feet along strike, and its attitude changes somewhat, but it is essentially
tabular with smooth contacts. This dike both crosscuts small aplite
dikes and is in turn crosscut by other small aplite dikes. A more com-
plex group of dikes is found on the south summit; these dikes split
around septa of quartz monzonite, have irregular contacts, and contain
inclusions of quartz monzonite. On No. 5 Mountain (SC-1.36, 0.02), a
mafic dike cuts a quartz porphyry mass, and the mafic dike is in turn
cut by aplite dikes. Quartz porphyry dikes, the mafic dikes, and the
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aplite dikes are all probably closely related to the Attean Quartz
Monzonite because of their intimate and reciprocal crosscutting rela-
tionships and because of the assumed generic correlation between the
Attean Quartz Monzonite and the aplite described above.

The mafic dikes are very fine grained and dark gray; laths of
hornblende can be seen without a hand lens in only a few dikes.
The rock is characterized by its brown-weathered surface, and it now
consists of aggregates of hornblende, chlorite, clinozoisite-epidote, pla-
gioclase, quartz, white mica, and.ilmenite-sphene. Judging from the
character of the aggregates and the relict textures, the rock seems to
have consisted originally of interlocking hornblende and plagioclase
laths, 0.1-2.0 mm in length, having a diabaselike texture. Plagioclase
probably formed 35-50 percent of the rock, and hornblende, 65-50
percent. The amount of clinozoisite in the plagioclase aggregates sug-
gests that the original plagioclase was very calecic.

AGE AND CORRELATION

The age of the pre-Upper Silurian units of the Attean quadrangle
cannot be fixed with certainty. These rocks are overlain unconform-
ably by fossiliferous Upper Silurian (lower Ludlow) and Lower
Devonian units in the Spencer Lake (Boucot, 1961) and Attean quad-
rangles. The pre-Upper Silurian units probably can be more spe-
cifically assigned, however, to pre-early Late Silurian age (pre-late
Llandovery) on the basis of evidence farther south, where rocks of
Llandovery Age occur on Limestone Hill in the Stratton quad-
rangle (fig. 2, D-5) (Boucot, oral commun., 1961). This occurrence
is about 6 miles southeast of the southward extension of the pre-Upper
Silurian rocks of the Attean quadrangle.

Boucot (1961, p. 185) suggested a Precambrian age for the pre-
Upper Silurian rocks; he based this age on the apparent higher grade
of metamorphism in rocks in the Spencer Lake quadrangle, which
have been traced north to the Attean quadrangle, as compared with
units of probable Cambrian and Ordovician age on the east side of
the Moose River synclinorium. His observations were made in the
area south of Jim Pond in the southwest corner of the Spencer
Lake quadrangle where the Silurian and Devonian rocks are absent
because of the northeast plunge of the synclinorium, but conclusive
relationships have not been worked out in this critical area.

Albee (1961) concluded that all the pre-Upper Silurian rocks are
of Cambrian or Ordovician age, or both. His assignment was based
on his observation that these rocks are unlike the rocks of known
Precambrian age in central Vermont, and on the reconnaissance map-
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ping, which suggested that these pre-Upper Silurian rocks correlate
with probable Ordovician rocks in northern New Hampshire.

The divergent views on the age and correlation cannot be rectified
until work in progress by the U.S. Geological Survey and the Maine
Geological Survey has elucidated the relationships. It is not impos-
sible that the pre-Upper Silurian rocks are divisible into both Pre-
cambrian and Cambrian or Ordovician units. The interpretation of
Albee (1961) is retained herein, however, and the tentative assign-
ment of the pre-Upper Silurian rocks to the Cambrian or Ordovician,
or both, is used throughout the report.

The Attean Quartz Monzonite seems to correlate with the High-
landcroft Plutonic Series of northern New Hampshire (Billings,
1956, p. 46). Many rocks of that series, as at Highlandcroft Farm 1t-
self, are similar to the Attean Quartz Monzonite, and the series is also
unconformably overlain by Silurian rocks.

The Highlanderoft Plutonic Series cuts the Albee Formation and
the overlying Ammonoosuc Volecanics in New Hampshire; both
formations are considered Ordovician (Billings, 1956, p. 94-99, 106).
The granofels unit is rather similar to rocks that overlie the Albee
Formation in northern New Hampshire, which are assigned to the
Ordovician. These rocks could reasonably be correlated with parts of
the granofels unit on the basis of position with respect to the regional
structural trend. Reconnaissance mapping, though incomplete due
to the lack of roads in the northern part of the Cupsuptic and Kenne-
bago quadrangles, suggests this is a reasonable correlation; more re-
cent mapping by John Green (written commun., 1960, 1961, 1962)
seems to confirm the results of our reconnaissance. The granofels unit
is therefore tentatively assigned to the Ordovician and is interpreted
to be younger than the Albee Formation; on this basis the unit may
correlate in part with the Ammonoosue Voleanics but may, in part, be
younger.

UPPER SILURIAN ROCKS

Upper Silurian and Lower Devonian rocks occur as discontinuous
Jenses between the pre-Upper Silurian rocks and the Seboomook For-
mation (Lower Devonian), which crops out over much of the northern
part of the Attean quadrangle. Locally these rocks are absent, and
the Seboomook Formation rests directly upon the pre-Upper Silurian
rocks.

Upper Silurian rocks include a limestone and slate unit, which con-
sists mainly of argillaceous limestone and calcareous mudstone; a
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conglomerate unit; and several isolated limestone lenses which are
probably equivalent to the limestone and slate unit and have been
mapped with it. Both the limestone and slate unit and the conglom-
erate unit contain Late Silurian fossils, but the fossils are not diag-
nostic of relative age; the geologic relations are uncertain because the
two outcrop areas are separated by an area of thick till and by several

ponds.
LIMESTONE AND SLATE UNIT

Upper Silurian rocks that crop out in the vicinity of Foxs Camp
on the north shore of Little Big Wood Pond have been mapped as an
unnamed limestone and slate unit. These rocks were named the Fox
Limestone by Boucot (1958) but were subsequently (Boucot, 1961, p.
181) assigned to the Hardwood Mountain Formation. No formal name
is assigned to this unit because it consists of an isolated patch of Upper
Silurian rocks which cannot be traced into other Upper Silurian units.
An exact correlation with Boucot’s Hardwood Mountain Formation
cannot be made ; this correlation problem is discussed later.

The limestone and slate unit crops out along the contact with the
pre-Upper Silurian rocks in a rather narrow band which extends
for about 5 miles northwest from Foxs Camp. A thin layer of lime-
stone on the west border of the quadrangle has been assigned to this
unit, although it has not been dated.

The limestone and slate unit includes two main rock types—lime-
stone and calcareous slate and shale. Most of the limestone is very
fine grained and contains less than 5 percent detrital material; it is
rather dark gray but weathers light gray. Such rock is rather massive,
but limestone that contains larger amounts of detrital material is
somewhat fissile. The range in composition from limestone to calcare-
ous shale or slate is shown on table 6. Many limestone layers, par-
ticularly those near the base of the unit, contain as much as 5-10
percent quartz and feldspar fragments, 2-25 mm in diameter, and a
higher proportion of finer clastic grains. Adjacent layers are commonly
calcareous conglomeratic sandstone. Several types of limestone com-
posed almost entirely of organically derived material were also found—
phyecolitic (algal) limestone at fossil locality BA—286¢, coralline lime-
stone at locality BA-1113a, and stromatoporoidal limestone at locality
BA-1002 and other localities. (See pl. 2.) Limestone conglomerate
consisting of limestone fragments in a calcareous mudstone matrix
is characteristic of the Upper Silurian units in northern Maine
(Boucot, 1961), but this rock type was observed only at locality BA—
230a in the limestone and slate unit.
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TaBLE 6.—Estimated modes and medial grain sizes of calcareous rocks of the lime-
stone and slate unit, Attean quadrangle, Maine

Gray fine-grained Gray caleareous
limestone Gray silty limestone shale or slate
Sample.....__...... 1 2 3 4 5 6
Field No.__...._.__. BA-1106E BA-1107C BA-1106H  BA-1106K BA-114 BA-1106L
Location t__________ C-2.70,4.20 NC-0.80,0.77 C-2.65,4.30 C-2.64,4.35 C-2.68,4.35 C-2.64,4.36
Estimated modes, in volume percent
Calelte_..._._.......
Quartz.._._.__._....
Potassium feldspar.._ ... ... .__
Plagloclase. ... _......__.______.
Composite grains. ..
White mica
Limonite_____.
Pyrite. o e
Fine opaques
Estimated medial grain sizes, in millimeters; all sizes (except maxima) approximate
Calelte......__...._. 0.01 0.01 0.03 0.04 0.05 0.03
Detrital grains.__.__ .02 .03 04 2,04 341 .03

1 Explanation given in description of fieldwork.
2 Maximum 0.5.
3 10 percent quartz and 5 percent white mica also have grain size ~0.05 mm.

¢ Maximum 3.

The area underlain by the limestone and slate unit is one of dense
undergrowth in swamps and in cutover tracts. The topography over
the unit is poorly portrayed on the Attean topographic map. In order
to understand the stratigraphy, the facies relations, and the nature of
the upper and lower contacts, a larger scale, more detailed map was
prepared. (See pl. 2.) This larger scale map is based on pace-and-
compass traverses, hand leveling, planetable surveying, and transfer
from aerial photographs and from the Attean 15-minute quadrangle
sheet. An attempt was made to locate all outcrops near the upper and
lower contacts of the limestone and slate unit. The coverage is not as
thorough in areas not adjacent to these contacts.

In the southern part of the area in the vicinity of Sugar Berth Pond
and the area shown on inset map B (pl. 2), the limestone and slate
unit consists almost entirely of limestone and calcareous slate and
shale, and it seems to be overlain conformably by noncalcareous slate
of the Seboomook Formation. Farther north the limestone and slate
unit is overlain by Devonian and Silurian conglomeratic sandstone.
In the northwest corner of the area (pl. 2, inset map A), a similar
thick-bedded conglomeratic sandstone grades upward by interlamina-
tion into noncalcareous slate of the Seboomook (columnar section, in-
set map 4, pl. 2). Similar interbedded relations of conglomeratic sand-
stone and noncalcareous slate (Seboomook Formation) are also clearly
exposed on a hill 4,800 feet west-southwest of Gander Pond. Hence,
between the areas shown on inset maps 4 and B (pl. 2), a conglom-
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eratic sandstone unit intervenes, in an interfingering relationship,
between the limestone and slate unit below and the Seboomook Forma-
tion above.

Boucot (1962, p. 156; oral commun., 1961) has cited the general
absence of upper Ludlow and lower Gedinnian units throughout
the region as suggestive of a general emergence during that period.
In several places, upper Gedinnian (New Scotland-age) units rest
unconformably upon lower Ludlow units. If such an emergence did
occur, there must be an unconformity in the Foxs Camp-Wood Stream
area, either within the slate mapped as Seboomook Formation or
within the conglomeratic sandstone unit. Neither possibility can be
ruled out, but the truncation of metasedimentary units shown by the
geometrical relationships of the bedding on a northwest-trending
line between Sugar Berth Pond and the principal access road (pl. 2)
suggests that the unconformity either is contained within the Seboo-
mook or is at its base. The areal extent of the unconformity is prob-
lematic, and a zone of unconformity could pass into one of conformity
within a short reach contained in the Attean quadrangle. All the
Upper Silurian and Lower Devonian units that crop out discontinu-
ously between the pre-Upper Silurian rocks and the Seboomook For-
mation are much alike in that they all contain coarse detritus from
the pre-Upper Silurian rocks. Moreover, one of these, the Beck Pond
Limestone (Boucot and others, 1959) of New Scotland age, inter-
fingers with the Seboomook, which in that area also contains fossils
of New Scotland age. Late Silurian fossils have not been found any-
where within the noncalcareous slate of the Seboomook, and it seems
unlikely that this lithology extends downward into the Upper
Silurian.

The configuration of the contact between the Attean Quartz Mon-
zonite and the limestone and slate unit near Sugar Berth Pond is
partly due to original relief on the older rock surface and partly due
to folding. Near Sugar Berth Pond the effect of original relief pre-
dominates, but the effects of folding predominate in the area of inset
map B (pl. 2) as indicated by the north-northeast-trending synclinal
axis.

The idea of original relief is supported by evidence in the sedimen-
tary rocks. The evidence indicates that the Attean Quartz Monzonite
was regionally exposed throughout the time that the limestone and
slate unit, the conglomeratic sandstone unit, and the lower part of the
Seboomook were being deposited. Perthite, plagioclase, composite-
grain, and biotite clasts in the sandstones were almost certainly de-
rived locally—particularly, for example, a tabular perthite pebble
25 mm long. Pebbles and cobbles of Attean Quart Monzonite were
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found at the base of the Seboomook near Foxs Camp, and cobbles
and boulders of Attean Quartz Monzonite were found in the Seboo-
mook in the large outcrop 1,200 feet north-northwest of inset map 5.
Nearby, an apparent outcrop of Attean Quartz Monzonite about 10
feet wide, may be a boulder, but it could be a pinnacle of the Attean
Quartz Monzonite. The interfingering relationship of the conglom-
eratic sandstone and Seboomook slate are also suggestive of local
relief during the time of deposition. Further evidence for local surface
relief on the Attean Quartz Monzonite during Late Silurian time is
described in more detail in the section on the conglomerate unit
(p-42).

Few data are available in the swampy lowland south of the main
access road and west-northwest of Gander Pond (pls. 1, 2). North
of the access road, the Seboomook slate rests with apparent conform-
ity upon the conglomeratic sandstone, and the section faces north
according to bedding-cleavage relations. South of the swamp the sec-
tion also faces north according to the criteria of graded bedding
and bedding-cleavage relations; here, however, conglomeratic sand-
stone rests (geometrically, if not stratigraphically) upon noncalcare-
ous slate of the Seboomook. Limestone along the brook north of the
access road is strongly plicated but maintains a regional attitude that
is horizontal to gently northward dipping. We have inferred a com-
bination of folds and faults in the area of this swamp to account for
the geometric restrictions described above and also for restrictions
imposed by the mapped distribution of float in covered areas. We
believe that this reconstruction (section, pl. 2) explains the disloca-
tions of stratigraphic units and the rather high erodibility of the
ground which produced the swampy lowland. This area is thus indi-
cated to be one of local structural complexity. This complex structure
in the metasedimentary rocks is probably a modified extension of the
structural feature that produce the cataclastic zone in the Attean
Quartz Monzonite. In this sense, the metasedimentary rocks are draped
upon the quartz monzonite. Contrasting mechanical properties of the
two lithologies probably account for their different deformation
habit. The tectonic event that produced the major structural feature
is therefore implied to have been active after Early Devonian time.

Fossil collections were made at several localities (pl. 2) within the
limestone and slate unit; they indicate a Late Silurian age. A. J.
Boucot (written commun., 1959) stated that two distinet faunal
facies seem to be present in the fossil collections examined by him. The
first faunal facies, characterized by the presence of Leperditia, Prota-
thyris, corals, and stromatoporoids, occurs in limestone; the second
faunal facies, characterized by the presence of Zsorthis and Eecentri-
costa jerseyensis, occurs in calcareous mudstone and argillaceous lime-
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stone. These two facies are interbedded. A list of fossils reported
from the limestone and slate unit follows.

Fossils reported from localities within the limestone and slate unit

[Identification are as follows : Brachiopods by A. J. Boucot, ‘‘worm tube” by R. B. Neuman,
gastropods by E. L. Yochelson, trilobites by A. R. Palmer, and ostracodes and corals by
J. M. Berdan. For map locations see plates 1 and 2. USGS numbers are U.S. Geological
Survey Silurian-Devonian fossil locality designations]

Locality BA-117 (USGS 4834-SD) : 0.88 mile N. 73° W. of Foxs Camp, at about
1,400 feet altitude on north side of trail.
Fossils:
Brachiopods :
Indeterminate camarotoechiid
Unidentified rhynchonellid
Age: Silurian or Devonian
Locality BA-184 (USGS 4835-SD) : 0.35 mile northwest of Foxs Camp, on east
shore of Sugar Berth Pond.
Fossils :
Cephalopod fragments
Pelecypod, indeterminate
Gastropods, indeterminate
Brachiopods, indeterminate
Coral :
Favosites sp.
Ostracodes :
Pintopsis sp. cf. P. tricornis (Ulrich and Bassler)
Aitilia? sp.
Limbinaria? sp.
Age: Late Silurian
Locality BA-186a (USGS 4836-SD) : Float, vicinity of Foxs Camp.
Fossils:
Corals :
Favosites sp.
Syringopora sp.
Age: Silurian or Devonian
Locality BA-227 (USGS 4837-SD) : 8.8 miles northwest of Foxs Camp.
Fossils:
Crinoid columnals and other fossil debris.
Age: Post-Cambrian Paleozoic
Locality BA-230a (USGS 4838-SD) : 3.4 miles northwest of Foxs Camp.
Fossils :
Coral :
Favosites? sp.
Stromatoporoid growing over syringoporoid coral.
Age: Silurian to Devonian
Locality BA-236a (USGS 4839-SD) : 0.7 mile northwest of Foxs Camp.
Fossils:
Ostracodes :
Pintopsis sp. cf. P, tricornis (Ulrich and Bassler)
Kloedenella sp.
Age: Late Silurian
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Locality BA-236b (USGS 4840-SD) : 0.7 mile northwest of Foxs Camp.
Fossils:

Coral :

Favosites sp., badly deformed
Age: Ordovician to Devonian

Loeality BA-236¢ (No USGS number assigned, collection discarded): 0.7 mile
northwest of Foxs Camp.
Fossils:
Phycolites
Age: Undetermined

Locality BA-236d (USGS 4841-8D) : 0.7 mile northwest of Foxs Camp.
Fossils:

Ostracodes :
Pintopsis sp. cf. P. tricornis (Ulrich and Bassier)
Zygobeyrichia sp.
Amphitoxotidine beyrichiacean
Leiocyamus sp.
Eukloedenella sp.
Mirochilina sp.
Acanthoscapha sp.
Brachiopods:
Eccentricosta cf. E. jerseyensis (Weller)
Camarotoechia? sp.
Howellella sp.
Protathyris sp.
Worm tube:
Cornulites sp.
Pelecypods:
Two unidentified species
Gastropods :
Clathrospira? new species
Low-spired gastropod, indeterminate
cf. Platyostoma sp.
cf. Loronema sp.
Trilobite :
Proetus (Proetus) sp.
Age: Late Silurian
Locality BA-236e (USGS 4842-SD) : 0.7 mile northwest of Foxs Camp.
Fossils:
Ostracodes :
Leperditia (Leperditia) sp.
“Kloedenia’ sp.
Eukloedenella? sp.
Retisacoulus sp.
Brachiopod :
Protathyris sp.
Age: Late Silurian
Locality BA-236f (USGS 4843-8D) : 0.7 mile northwest of Foxs Camp.
Fossils :
Gastropods :
Platyceratid cf. Platyceras (Visitator) sp.
Indeterminate platyceratid, possibly more than one genus present.
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Locality BA-236f—Continued
Fossils—Continued
Trilobite :
Indeterminate thoracic segments
Brachiopods:
Orthostrophia cf. 0. brownsportensis Amsden
Coelospira concavae (Hall)
Lissatrypa? sp.
Age: Late Silurian
Locality BA-236g (USGS 4844-8SD) : 0.7 mile northwest of Foxs Camp.
Fossils:
Brachiopods :
Isorthis sp.
Sphaerirhynchia sp. 1
Camarotoechia? sp.
Coelospira concavae (Hall)
Age: Late Silurian
Locality BA-236h (USGS 5583-SD) : 0.7 mile northwest of Foxs Camp.
Fossils :
Brachiopods:
Isorthis sp.
Sphaerirhynchia sp. 1.
Coelospira concava (Hall)
Fccentricosta jerseyensis (Weller)
Camarotoechia? sp.
Howellella sp.
Age: Late Silurian
Locality BA-236i (USGS 5584-SD) : 0.7 mile northwest of Foxs Camp.
Fossils :
Brachiopod :
Protathyris sp.
Age: Late Silurian
Locality BA-237 (USGS 4845-SD) : 0.3 mile northwest of Foxs Camp.
Fossils :
Corals:
Tryplasma sp.
Favosites sp.
Cladopora sp.
Auloporoid coral
Age Silurian to Devonian, almost certainly former
Locality BA-896b (USGS 4848-8D) : 7,500 feet northwest of Foxs Camp.
Fossils :
Ostracode :
Leperditia sp., large and badly formed
Age: Silurian or Devonian, probably former
Locality BA-999 (USGS 5586-SD) : 8,000 feet northwest of Foxs Camp.
Fossils:
Brachiopods :
Isorthis sp.
Eccentricosta jerseyensis (Weller)
Sphaerirhynchia sp. 1
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Locality BA-999—Continued
Fossils—Conttinued
Brachiopods—Continued
Coelospira concava (Hall)
Atrypa “reticularis” (Linné)
Age: Late Silurian
Locality BA-1002 (USGS 5588-SD) : 3.1 miles northwest of Foxs Camp.
Fossils:
Stromatoporoids :
Undetermined
Locality BA-1113a (USGS 5589-SD) : 0.9 mile west-northwest of Foxs Camp.
Fossils:
Corals:
Undetermined
Locality BA-1113b (USGS 5589-SD) : 0.9 mile west-northwest of Foxs Camp.
Fossils:
Corals and gastropods :
Undetermined
Locality BA~-1122 (USGS 5590-SD) : 8,000 feet northwest of Foxs Camp.
Fossils:
Ostracode :
Leperditia
Age: Silurian and Devonian
Locality USGS 2822-SD: 0.4 mile southwest of Foxs Camp, collected by A. J.
Boucot.
Fossils:
Brachiopod :
Protathyris sp.
Ostracodes :
Dizygopleura cf. D. costata Ulrich and Bassler
“Kloedenia” sp.
Leperditia sp.
Limbinaria cf. L. muricata (Ulrich and Bassler)
Vetibeyrichia? sp.
Age: Late Silurian

Fossil evidence (Berdan, written commun., 1958; Boucot, written
commun., 1959) does not provide an exact correlation of the limestone
and slate unit with either the Hardwood Mountain Formation or the
overlying lower conglomerate member of the Hobbstown Formation
in the Spencer Lake quadrangle to the south (Boucot, 1961, p. 174-176,
180-183), although a locality containing fossils of New Scotland age
(Boucot, oral commun., 1958) is now known in the upper part of the
Hobbstown Formation (not the type area) southwest of Camera Hill,
Spencer Lake quadrangle. All three units are Late Silurian in age,
however, and the limestone and slate unit may possibly correlate with
the Hardwood Mountain Formation. In addition, the conglomeratic
sandstone unit may correlate with the lower conglomerate member of
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the Hobbstown Formation. These correlations are based on lithologic
similarities.
CONGLOMERATE UNIT

Upper Silurian conglomerate that crops out along the eastern sum-
mit ridge and north slope of Sally Mountain unconformably overlies
the Attean Quartz Monzonite and is overlain by the Seboomook For-
mation. Its lateral relationship with the limestone and slate unit to
the northwest is concealed by till and lakes. We tentatively conclude,
however, that these two units are essentially time equivalent and there-
fore have interfingering relationships. (See pl. 1.) The eastern exten-
sion of the conglomerate unit is broken by the intrusive mass of the
Hog Island Granodiorite and is concealed farther east by till deposits.
A single exposure of similar conglomerate occurs several miles to the
east in the Long Pond quadrangle (Long Pond, C-0.25, 1.05), but
farther to the south in roadcuts along U.S. Route 201 (Long Pond,
SC-1.10, 5.00), fossiliferous slate of the Seboomook Formation seems
to directly overlie the Attean Quartz Monzonite. The actual contact
is not exposed, but if conglomerate were present it would be expected
to crop out as boldly as it does elsewhere.

The conglomerate unit is well exposed in cliffs and smoothly
glaciated large outcrops along the summit ridge of Sally Mountain.
These outcrops may be reached by the fire-tower trail shown on the
map (pl. 1); the trail is still maintained, though the fire tower has
been removed.

The conglomerate unit is predominantly a boulder and cobble con-
glomerate, but it also contains quartzofeldspathic sandstone (quartz-
ite) and conglomeratic sandstone beds. The matrix is light tan to
white, but many of the fragments are red, green, or brown. The rock
is massive, nonfoliated, and highly indurated and forms smooth
rounded outcrops. Bedding can be seen only rarely, either in sorting
or in alinement of pebbles, or by the presence of sandy layers in the
conglomerate.

The quartzite and the matrix of the conglomerate everywhere con-
sist mainly of quartz and feldspar sand grains in about equal propor-
tions, but as much as 10 percent calcite cement is common in the
eastern part of the outerop area. The potassium feldspar is a micro-
perthite like that in the Attean Quartz Monzonite, and tabular frag-
ments as much as one inch long, still preserving the carlshad twinning,
are abundant. Quartz has undulatory extinction like that in the Attean
Quartz Monzonite, and plagioclase is commonly less abundant than
the potassium feldspar and more altered, corresponding to the amount
of alteration in the Attean Quartz Monzonite. In some thin sections,
the feldspar is completely altered to white mica, although the granular
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habit is preserved. Detrital biotite, chlorite, and hornblende are vir-
tually absent in the southwest part of the outcrop area, but are more
abundant in the eastern and northern part. The rock is commonly very
coherent, and fractures cut through the cobbles; but in the eastern part
of the outcrop area, where calcite coment is morve abundant, fractures
may break around cobbles.

The fragments include porphyritic quartz monzonite, individual
crystals of potassium feldspar, quartz porphyry containing dipyrami-
dal quartz phenocrysts, aplitic quartz monzonite--all from rocks
found in the immediately underlying Attean Quartz Monzonite--and
medium-grained white sandy limestone. A pronounced lithologic var-
iation exists along the summit ridge of Sally Mountain, To the west,
near the site of the fire tower, a very coherent boulder conglomerate
that contains fractures which cut through the boulders and cobbles is
exposed. Aplite, commonly red, green, or brown due to disseminated
iron oxide, is the most abundant fragment type. The matrix is non-
calcareous and very similar, compositionally and texturally, to the
aplite fragments. The fragments are subrounded, averaging 4-6 inches
in diameter, but a few are 15-18 inches in diameter. To the east the
rock commonly contains fractures which cut around fragments. The
matrix is commonly calcareous and contains small amounts of biotite,
chlorite, and hornblende which make it darker than the matrix in the
west. The fragments are generally subangular, and fragments of
potassium feldspar, porphyritic gquartz monzenite, and limestone are
abundant. Numerous angular blocks of sandy limestone are found in
cliffs at the north end of the easternmost summit of Sally Mountain.
Most blocks are less than 6 inches in greatest dimension, but one is 4
feet wide. The easternmost end of Sallv Mountain is within the con-
tact metamorphic zone of the Hog Island Granodiorite, and, although
not greatly changed in appearance, some of the conglomerate unit in
that area contains garnet, diopside, and hornblende. These contact-
zone rocks are described in more detail in a later section.

The contact between the conglomerate nnit and the underlying At-
tean Quartz Monzonite is well exposed in the cliffs on the south side
of the Sally Mountain ridge. Along most of the ridge the lowest part
of the conglomerate unit is a sandstene or quartzite, and large frag-
ments are not abundant. Whether this relaticnship is consistent
throughout the entire unit is unknown. Because the minerals of the
quartzite are derived from the underlying rock, the contact is locally
quite difficult to locate-—especially where this quartzofeldspathic sand-
stone (the quartzite) rests directly on aplite, and also where conglom-
eratic sandstone containing tabular fragments of potassinm feldspar
rests directly on porphyritic quartz menzonite, The most useful field

438-197— 72—
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criterion for locating the contact is that the sedimentary rock contains
less ferromagnesian minerals than the Attean Quartz Monzonite.

At the east end of Sally Mountain the minimum thickness of the
conglomerate unit is about 1,200 feet. About 500 feet of this thickness
is exposed on the south side of the ridge near the site of the fire tower;
a continuous exposure in these cliffs is almost entirely conglomerate.
The actual thickness of the conglomerate unit is not known because
the top of the unit is nowhere preserved or exposed.

Fossils were collected from only one locality in the conglomerate
unit; the fauna indicates a Late Silurian age. This locality is just
south of Mud Pond (EC-1.30, 1.95), where slightly calcitic quartzo-
feldspathic quartzite near the base of the unit is exposed in a single
small knob. The nearest outcrop, on a knob several hundred feet north-
east, consists of boulder conglomerate. Most of the identifiable fossils
came from a thin micaceous layer, but a few corals were found in the
fine-grained massive quartzite. A list of fossils found at the one local-
ity within the conglomerate unit follows.

Fossils reported from the conglomerate unit

[Identification are as follows: Brachiopods and gastropod by A. J. Boucot, and corals by
J. M. Berdan. USGS number is a U.8. Geological Survey Silurian-Devonian fossil locality

designation]
Locality BA-894 (USGS 5995-SD) : Southeast of Mud Pond. Attean quadrangle

(EC-1.30, 1.95%).
Fossils :
Corals:
Halysites sp.
Syringoporoid coral
Horn corals, indeterminate
Brachiopods :
Coelospira cf. C. saffordi (Foerste)
Eceentricosta cf. E. jerseyensis (Weller)
Leptostrophia sp.
Dolerorthis? cf. D. hami (Amsden)
Amphistrophia funiculata (McCoy)
Atrypa arctostriata Foerste
Dalejina sp. 1.
Gastropod :
“BEuomphalopterus”’ gasconensis Northrop
Age: Late Silurian

! Explanation given in description of fieldwork.

As stated before, the conglomerate unit cannot be traced directly
into the limestone and slate unit, and no exact correlation can be
made on the basis of faunal similarities (Boucot, written commun.,
1959). Boucot stated, however, that this collection can best be corre-
lated with the fauna of the lower conglomerate member of the Hobbs-
town Formation in the Spencer Lake quadrangle (Boucot, 1961,
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p. 174) and with the /sorthis-Eccentricosta jerseyensis faunal facies
of the limestone and slate unit (Boucot, written comm., 1959). Both
the sequence of rock types and the faunal evidence also allow tenta-
tive correlation of the conglomerate unit with the lower part of the
conglomeratic sandstone unit and with the lower conglomerate mem-
ber of the Hobbstown Formation. If this correlation is correct, the
rock sequence also suggests that the limestone and slate unit and
the Hardwood Mountain Formation of the Spencer Lake quadrangle
are absent in the Sally Mountain area.

The fossils were found in the quartzite that is near the base
of the conglomerate unit; thus, the higher parts of the unit, or even
all of the conglomerate, could be of Early Devonian age. Such an
age distinction seems unrealistic, however, because the quartzite-
conglomerate contact exposed on Sally Mountain ridge is strictly con-
formable without apparent sedimentological break. Also, quartzite and
conglomerate probably interfinger within the unit to a greater degree
than we have observed.

Several hundred feet of original relief is likely at the base of this
unit, as is postulated for the limestone and slate unit. It is difficult
to prove this original relief in the absence of abundant planar fea-
tures within the conglomerate unit and the Attean Quartz Monzonite,
but the trace of the contact along the south face of Sally Mountain
ridge suggests that as much as several hundred feet of relief was
present on the top of the Attean Quartz Monzonite when the con-
glomerate unit was deposited.

The contact of the conglomerate unit and the overlying Seboomook
Formation is not exposed.

UPPER SILURIAN AND LOWER DEVONIAN ROCKS

A conglomeratic sandstone unit of Late Silurian and Early Devonian
age interfingers with the limestone and slate unit (Upper Silurian)
below and the Seboomook Formation (Lower Devonian) above.

CONGLOMERATIC SANDSTONE UNIT

The conglomeratic sandstone unit crops out in a northwest-trending
sinuous narrow belt in the north-central part of the quadrangle, be-
tween 1.4 and 5 miles northwest of Foxs Camp.

The sandstone occurs in thick beds and is light tan to light brown.
1t is almost everywhere conglomeratic, but nowhere does it contain
enough clasts to be called a conglomerate. The rock consists mainly
of quartz, feldspar, white mica, and calcite, but calcite cement is
absent in much of the rock. Estimated modes of typical samples are
given in table 7. The feldspar consists of perthite, plagioclase, and
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composite grains—all clearly derived from the underlying quartz mon-
zonite. The texture is granular interstitial ; silica and calcite cement are
present in some samples. The dominant grain size is about 0.5-1.5
mm ; the interstitial grain size, about 0.05 mm ; and the maximum grain
size, 3-25 mm. Most of the grains are subangular.

TaBLE 7.—Estimated modes and grain sizes of the conglomeratic sandstone unit and
[ Seboomook Formation, Altean quadrangle, Maine

The congloreratic sandstone unit and the Seboomook Formation rocks described herein are granule-
bearing coarse-grained sandstones containing different amounts of calcite cement]

Conglomeratic
Seboomook Formation sandstone unit
Sample. .. R 1 2 3 4 5 6
Field No... - BA-1107M BA-1107] BA-117N BA-339 BA-185a BA-996
Location 1. NC-0.85, NC-0.83, NC-0.85, C-2.15, C-2.80, C-2.32,
0.93 0.85 0.95 5.40 4.22 5.01
Modes, in volume chnt
Large grains:
artz.... ... 45 45 40 10 45
Potassium feldspar . 15
Plagioclase__ . _____ 20

Composite grains. _
Kaolinite aggregates.
Biotite. - ... ...

Interstlti?l matrix: .

uartz ... ... _._ 5 14 26 5

eldspar_..._ ... ... ..__...._.... } 5 20 { ...................................
White mica. .. . 15 10 15 25 10 ...
Calelte...._. . ... ... 6 15 20
Limonite-hematite 5 [ <1 1 <1 <1

Chiorite. ._........__...

Grain sizes, in millimeters

Large grains:
Medial....__.___.______. ~0.5 ~0.6 ~0.8 ~0.6 ... ~0.5
aximum. ... ... 3 10 3 2.5 10 2
Interstitial matrix:
edial .. ... ... .. . ~, 06 .03 05 2 05

! Explanation given in description of fieldwork.
2 Verified by X-ray analysis.

The unit interfingers with units above and below. The upper and
lower contacts of the unit are described in the section on the limestone
and slate unit (see p. 85) and are graphically shown on plate 2
(section 4-4";inset map 4).

The age of the conglomeratic sandstone has been determined by
paleontologic and regional stratigraphic evidence (see p. 41).
The lower part of the unit may be correlative with the conglomerate
unit (see p. 45). Only two fossil localities were found within
the unit. At fossil locality BA-1001 (pl. 2) an argillaceous limestone
interbed very near the base of the conglomeratic sandstone unit con-
tains fossils of Late Silurian age. Fossil locality RB-74 (pl. 2) is in
beds that interfinger with Seboomook noncalcareous slate; the fossils
are not, however, diagnostic of the age of the unit. A list of the fossils
reported from the conglomeratic sandstone unit follows.
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Fossils reported from localities within the conglomeratic
sandstone.unit

[Identifications by A. J. Boucot. USGS numbers designate U.S. Geological Survey Silurian-
Devonian fossil localities]

Locality BA-1001 (USGS 5587-SD) : 11,500 feet northwest of Foxs Camp.
Fossils :
Brachiopods :
Becentricosta cf. E. jerseyensis (Weller)
Isorthis sp.
Sphaerirhynchia sp. 1
Gypidula sp. 2
Age: Late Silurian
Locality RB-74: 2.4 miles northwest of Foxs Camp. Calcareous conglomeratic
sandstone.
Fossils :
Brachiopods:
Atrypa “reticularis’
Dolerorthid? sp.
Age: Silurian or Devonian

LOWER DEVONTAN ROCKS

Devonian sedimentary rocks crop out over the northern two-fifths of
the Attean quadrangle. These rocks include the Seboomook and
Frontenac Formations (both Lower Devonian). The Frontenac in
general overlies the Seboomook but in part is probably equivalent to
it in age. Both units were deformed and metamorphosed during the
Acadian orogeny.

SEBOOMOOK. FORMATICN

Perkins (1925, p. 374-375) applied the name Seboomook Slate to
interbedded dark-gray sandstone and slate exposed at Seboomook
Dam, about 32 miles northeast of Jackman. Boucot (1961) mapped the
extension of this unit into the Attean quadrangle, but used the term
Seboomook Formation because sandstone constitutes a large part of
the unit in many places, including the area near Seboomook Dam. At
the type locality—along the river, upstream and downstream from the
dam—the formation has a pronounced cyclic layering, 1.5 to 2 inches
thick; each layer grades from a fine-grained argillaceous metasand-
stone upward into slaty mudstone.

In the Attean quadrangle the Seboomook Formation crops out in an
east-northeast-striking band; the band is about 2 miles wide at the
west edge of the quadrangle, where the section is virtually unrepeated.
but it is about 7.5 miles wide at the east edge, mainly due to repetition
by folding or faulting, or both.
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The area underlain by the Seboomook Formation has a moderate
relief and is characterized by north-northeast-trending major ridges
and stream valleys. Surficial deposits are thick on the lower slopes and
in the valleys, and such areas commonly are overgrown by a dense
coniferous forest. The ridges usually have a thin till cover, a less dense
deciduous forest, and small abundant outcrops. The outcrops occur as
small east-northeast-trending ridges, a few feet to a few tens of feet
high, crossing the major ridges. The character of the outcrop is such
that, in a traverse along the major north-northeast ridges, the lithology
can be observed nearly continuously, but the amount of repetition by
folding cannot be determined.

The Seboomook Formation consists of gray slate that contains
quartzose laminae, 2-10 mm thick; locally the slate appears to grade
into a greenish-gray phyllite. Typical accessible exposures of the slate
are near Moose River village (EC-3.35, 4.45 and EC-2.45, 5.15) and
on the east shore of Crocker Pond (NC-3.6, 1.1). Typical exposures
of phyllite are in roadcuts on U.S. Route 201 (NE-1.85, 3.75) and
in natural outcrops along a gravel road (NE-2.22,3.45).

The slate is dark gray and weathers light tan. Individual mineral
grains are too fine to discern with a hand lens, but grains in the
more quartzose layers attain silt or fine-grained sand size. The quartz-
ose laminae commonly contain more iron oxide than the slate, weather
light brown, and may be separated by slate layers several feet thick.
Graded bedding is common. Cleavage transverse to bedding is the
dominant foliation in the rock; in the slate layers it is a close-spaced
slaty cleavage, but in the quartzose layers it has a different orientation
and is more widely spaced or absent.

The greenish-gray phyllite weathers light greenish tan and generally
seems less quartzose and more chloritic than the typical slate. The rock
is typically crumpled or plicated, and the transverse cleavage is asso-
ciated with small crinkles or steplike offsets of the bedding or bedding
schistosity. Some degree of silicification is usually present and is mani-
fested macroscopically by small quartz veinlets and lenses. In general,
the phyllite is more abundant toward the contact with the Frontenac
Formation, but every gradation between the phyllite and the slate can
be seen. The phyllite most probably differs from the slate in the char-
acter of the internal deformation rather than in the quartz and
chlorite content. ‘

The slate has a granular-interstitial texture; however, generally
parallel platy minerals in the bedding and cleavage planes wrap
around the subangular granular minerals. Nearly every specimen has
good graded bedding; the granular minerals grade in size from 0.04-
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0.06 mm diameter in the more quartzose layers to about 0.01 mm diame-
ter in the less quartzose layers.

Thirty-nine thin sections of the Seboomook were studied, 15 of which
were checked by X-ray diffraction analyses because of the fine-grained
texture of the slate. About two-thirds of these 39 specimens contain
40-65 percent white mica and chlorite and 30-50 percent quartz and
plagioclase. Some of the remaining specimens contain as much as 80
percent quartz and plagioclase, and others as much as 95 percent white
mica and chlorite. Opagque minerals, including graphite, pyrite, mag-
netite, ilmenite, and limonite, commonly constitute 1-5 percent of the
rock. Less than 1 percent calcite occurs in a few specimens. Trace
amounts of zircon, apatite, rutile, and tourmaline are common.

The metamorphic recrystallization of the slate in the Seboomook
was extensive. Muscovite and chlorite are rather coarse grained and
oriented in a systematic relationship to the slaty cleavage. Potassium
feldspar was not observed, and plagioclase feldspar is not abundant.
The crystallinity, reflected in the X-ray pattern of the muscovite and
chlorite, is unlike that of diagenetic mica and chlorite normally found
in sedimentary rocks.

The estimated modes were determined from the NX-ray diffraction
patterns and were based on comparison with X-ray patterns of samples
for which the modes were calculated from chemical analyses (table 8).
Modes were calculated for three samples from the Seboomook Forma-
tion, one from the Tarratine Formation (Boucot, 1961, p. 165), which
is in part a sandy lateral equivalent of the Seboomook, and one from
the Tomhegan Formation (Boucot, 1961, p. 161), which overlies the
Tarratine.

The plagioclase is untwinned clear albite (only a few twinned grains
were observed), which is very difficult to distinguish from quartz in
thin section. Correspondence of the NX-ray diffraction data and the
calculated modes indicates that the thin-section estimates of albite
and chlorite content were grossly low and that ecach generally consti-
tutes about 15 percent of the slate, about half the percentage of
white mica.

Examination of thin sections indicates that, though white mica and
chlorite are the most abundant platy minerals in the Seboomook,
kaolinite and montmorillonite may be present in a few samples. Posi-
tive identification was not possible in the X-ray diffraction patterns
for the total rock. The finer grained material from six samples was
therefore separated by sedimentation and deposited with preferred
orientation on a ceramic tile. The tile samples were then X-rayed un-
treated, after saturation with ethylence glycol, and after heating to
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450-500°C. All samples gave prominent, sharp 14—, 10-, and 7-A
d-spacing peaks and none of the peaks were shifted after treatment
with ethylene glycol; the 7-A peaks were destroyed, and the 14-A
peaks were strengthened, by heat treatment. The criteria of Johns,

TABLE 8.--Chemical analyses, calculated modes, and relative proportions of cations
tn_chlorite of slate from the Seboomook Formation and slate and sandstone from
related formations, west-central Maine and New Hampshire

[Sample 1 analyzed by M. Balazs; sample 2 analyzed by methods described by Shapiro and Brannock (1956) .
samples 3 and 4 analyzed by H. H. Hyman and C. Warshaw; and samples 6 and 7 are from Shaw (1956) .
Modes were calculated by assigning T1 to rutile, Fe+3 to magnetite, C to graphite, S to pyrite, P to apatite ;
CO: to calcium-magnesium  carbonate, Na to albite, and K to muscovite. The remaining metals
(Sli‘€+Mur;-ri;1\i(g=Fm, and Al) were assigned to chlorite, Fms—.Al:Sit—~:010(0H)s, and the remaining

0 quartz,

Sample.._._... 1 2 3 4 5 6 7

Field No.. ... ...... BB 527 ... e emve e aae e an

Lab Nos....... IDC-13, 156032 IDS-153, IDC-13, IDC-13, Aver- Standard Aver- Standard
TID-20950 0509 ID-20850 ID-21060 age deviation age deviation

Chemical snalyses, in weight percent

60.13 90. 84 70.36
.81

.92 .19
16.43 3.46
.81 .37
5.76 2.23
.08 .07
3.4 47
1.19 .14
1.68 .40
3.32 .57
13 .10
3.97 .99
1.50 .08
.19 .04
.03 .02
.4 .05
(.01) (.01)
100. 01 100,01

Calculated modes, in cation percent

uartz..._ .. . 39.6  36.4 32.2 85.0
Albite._...__._ 17,5 15.3 16.0 3.9
Muscovite.._.. 26.1  30.0 29.1 5.1

hlorite.._..._. 142 155 16.4 5.0

6+ .1 2.0 .1
1.1 18 1.2 .4
........................... 2.2 .2
.2 .2 .2 . 06
.6 W7 N .1
_______________________________ .02 .02

Calculated relative propertions of Fe, Mg, and Al in chlorite

Fes s Fezy Fess Feas
Mgas Mg:.» l‘gfz.s Mgi 4
Aliy Alzs 2.9 Al

. ngl]i;&aﬂe&ed slate, S8eboomook Formation: North East Carry guadrangle, WC-0.09, 4.10, roadcut

. Slate, Seboomook Formation. Attean quadrangle, EC-3.42, 4.45.

. Slate, Seboomook Formation. Long Pond quadrangle, C-1.04, 2.81, railroad cut.

- Sandstone, Tarratine Formation. Long Pond quadrangle, SE-0.2, 3.4, Parlin Gorge.

. Sandy slate, Tomhegan Formation. Brassua Lake quadrangle, C-3.77, 2.07, raflroad cut.

. Average and standard deviation for seven analyses of slate from the Littleton Formation, New Hamp-
Ashlre (Shagv, tl;)&g, gd 9(214).

. Average and standa: eviation for 86 singl ite, raged anal of clay, shale, or slate

(Shier, Y086, andar single, composite, or average yses 24

N o ooewn = |
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Grim, and Bradley (1954, p. 243) indicate that white mica (illite)
and chlorite are present in these samples, but that kaolinite and mont-
morillonite are absent.

The white mica is muscovite that has a fairly low sodium content
as indicated by (004) spacings of 4.96-4.99 A. Absence of paragonite
is indicated by the lack of a doublet for the muscovite (004) peak.

The composition of chlorite was inferred from optical and X-ray
properties using the criteria of Albee (1962) and was also calculated
from the chemical analyses of the rocks (table 8). Most of the chlorite
has an iron to magnesium ratio slightly greater than one, but varia-
tions to less than one were noted. This range is typical of chlorites
from quartz-mica schists (Albee, 1962). Basal spacings of 14.09, 14.10,
14.18, 14.14, 14.15, and 14.15 A were calculated by averaging the (003),
(004), and (005) peaks and using quartz as an internal standard. A
basal spacing of 14.14 A indicates an aluminum content of approxi-
mately 2.68 per 10 cations. The chlorite compositions calculated from
the chemical analyses have a lower aluminum content than is indicated
by the X-ray data and also than is commonly found in quartz-mica
schist.

Comparisons of the chemical analyses indicate significant variations
in Si0,, MgO, Ca0, and CO, content among the samples; the relative
proportions of other oxides do not differ as much. These variations
are amplified by calculating the modes from the chemical analyses
(table 8). Quartz and dolomite-calcite percentages vary significantly,
whereas percentages for the other minerals do not.

The Littleton Formation (Lower Devonian) of New Hampshire
(Billings, 1956, p. 27-35) is lithologically similar to the Lower Devo-
nian slates of Maine. Averages and standard deviations for seven
analyses of low-grade slate from the Littleton Formation (Shaw, 1956,
p. 924) are also given in table 8. Seboomook slate has a distinctly lower
Fe,O; content and a higher Na,O content than the Littleton. The SiO,
content is somewhat higher, and Al,0; somewhat lower, in the Seboo-
mook than in the analyzed samples of the Littleton ; one sample of the
Seboomook contains several percent dolomite or calcite, which is re-
flected in the CO,, CaO, and MgO values. Table 8 also contains the
averages and standard deviations for 85 single, composite, or averaged
analyses of clay, shale, or slate (Shaw, 1956, p. 928). Although the
Seboomook differs somewhat from this average, only the low Fe,O,
and high FeO values can be considered at all anomalous. However,
the CaO and CO; contents are low in comparison with the average.

The Seboomook Formation has a minimum thickness of 5,000 feet
in the western part of the Attean quadrangle, where dips of approxi-
mately 30° near the upper and lower contacts are believed to repre-
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sent the minimum dip trend of the unit. We estimate that the actual
thickness of the unit here is 6,000-7,000 feet. Dips greater than 30°
found in the center of the unit are interpreted to be a manifestation
of internal folding. The amount of repetition probably increases in
magnitude eastward and the average dip of the unit decreases from
30°, thus accounting for the rather wide belt of exposure on the east-
ern border of the quadrangle. The unit also may thicken eastward
across the quadrangle, but the amount of repetition is not known, and
we cannot estimate the thickness.

Boucot (1961, p. 170) reported that the type section of the Seboo-
mook Formation contains 10,000 feet of rock and that the whole for-
mation is as much as 20,000 feet thick. The unit extends southwest-
ward through Quebec into New Hampshire and maintains about the
same outcrop breadth found on the western side of the quadrangle;
no great change in thickness is believed to occur.

The Seboomook Formation of the Attean quadrangle contains Early
Devonian, Becraft-Oriskany-age fossils from three outcrop locations
and from a boulder (locality BA-1108) ; all are on the eastern side of
the Attean quadrangle. The boulder, a distinctive hornfels from the
Seboomook Formation, can be restored confidently to its original lo-
cality near the lower part of the unit. A list of the fossils recorded
from these localities follows.

Fossils reported from localities within the Seboomook Formation

[Identifications by A. J. Boucot. USGS numbers designate U.S. Geological Survey Silurian-
Devondan fossil localities]

Locality BA-210: Island in Wood Pond, Attean quadrangle (EC-2.3, 3.11!).
Cordierite hornfels containing pebbles of Attean Quartz Monzonite.
Fossils :
Bryozoan?
Locality BA-213: Island in Wood Pond, Attean quadrangle (EC-1.9, 2.7*). Cor-
dierite hornfels containing pebbles of Attean Quartz Monzonite.
Fossils:
Bryozoan
Crinoid columnals
Fragmentary brachiopods
Locality BA-1108: 3-foot-thick block found on east shore of Wood Pond. Almost
certainly derived from vicinity of BA-210 and BA—213. Cordierite hornfels
containing pebbles of Attean Quartz Monzonite.
Fossils :
Brachiopods :
Acrospirifer cf. A. murchisoni (Castenau)
Eccentricosta? sp.
Leptocoeliag sp.
Tentaculites sp.

! Explanation given in description of fieldwork.
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Locality BA-1108—Continued
Age: Early Devonian, probably Oriskany
Locality BB-2527 (USGS 2880-SD), Boucot Collection: Moose River village;
Attean quadrangle (EC-3.42, 4.45%).
Fossils :
Brachiopod :
Leptocoelia flabellites (Conrad), single valve found on bedding plane
Age: Oriskany
Locality RB-75: Long Pond quadrangle (8C-1.07, 5.05"). Slumped highway cut
and not definitely outcrop.
Fossils :
Brachiopod :
Leptocoelia flabellites (Conrad)
Age: Oriskany

1 Explanation given in description of fieldwork.

Boucot (1961, p. 170; written commun., 1959) stated that the Acro-
spirifer and Leptocoelia occurrences indicate that the age of the Seboo-
mook Formation here is consistent with the age of much of the unit
in the Moose River synclinorium. He has not, however, established the
age of the top and bottom of this unit. Pebbles of Attean Quartz
Monzonite were found in the fossil-bearing hornfels; this fact sug-
gests that the hornfels is from a stratigraphic position very close to the
base of the formation. If this is so, then the base of the unit is of
Becraft-Oriskany age in the eastern part of the quadrangle. At Beck
Pond in the Spencer Lake quadrangle, however, a fossil assemblage of
New Scotland age is found in the lower part of the Seboomook Forma-
tion (Boucot and others, 1959; Boucot, 1961, p. 170).

East of the Attean quadrangle the Seboomook Formation grades
laterally and upward into the Tarratine Formation of Oriskany age
(Boucot, 1961, p. 166). Within the Attean quadrangle the Seboomook
is interpreted to grade upward into the undated Frontenac Forma-
tion. Tf this interpretation is correct, then the Frontenac and Tarratine
Formations are essentially correlative. The assignment of the Fron-
tenac to Early Devonian age. however, is an equivocal matter. (See
following section).

FRONTENAC FORMATION

The name “Frontenac” was introduced by MecGerrigle (1935) for
the volcanic rocks of the Mount Megantic area, Quebec, about 40 miles
southwest of Jackman. Volcanic rocks are less abundant than sand-
stone in the Frontenac northeast of Mount Megantic, and massive argil-
laceous sandstones predominate to the virtual exclusion of volcanic
rocks in the Attean quadrangle. Hence, the name Frontenac Formation
is applied here to the massive argillaceous sandstone as well as to the
volcanic rocks, following the usage of Marleau (1958a; 1958b, p. 67—
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70). Although McGerrigle (1985, p. 74) believed that the massive
argillaceous sandstones were infolded into the volcanic rocks, Marleau
(1958b, p. 70-73) has demonstrated that the two rock types are actually
interstratified.

The Frontenac Formation crops out in the extreme northern part of
the Attean quadrangle and is the southern part of a band of the forma-
tion, 8-13 miles wide, which lies in the center of an inferred east-
northeast-trending syncline (fig. 2). The trace of the axial plane of
this syncline passes through the extreme northwest corner, the Quebec
part, of the Attean quadrangle and is subparallel to the South Branch
of the Penobscot River in the Sandy Bay quadrangle.

The Frontenac Formation is composed of a distinctive fine- to
medium-grained greenish-gray slightly calcareous, argillaceous meta-
sandstone interbedded with greenish-gray phyllite and slate that re-
semble those of the Seboomook Formation. Individual beds of the
metasandstone range in thickness from several inches to 40 feet, but
those 5 to 15 feet thick greatly predominate. The intervening phyllite
layers commonly are about the same thickness as the metasandstone
beds but also are generally much thinner than adjacent metasandstone
layers. Also, some of the rock consists of interlayers, less than an inch
thick, of metasandstone and phyllite. The base of the unit is placed
at the base of the lowest thick argillaceous metasandstone bed. The
thick metasandstone layers and sills of hornblende diorite form the
prominent east-northeast-trending ridges, and the phyllite underlies
the narrow deep “guts” between the ridges, as a result of the contrast-
ing erodibility of the lithologies.

The metasandstone is rather dark greenish gray on a fresh surface,
but weathering forms a light-gray surface rind about 5 mm thick.
Although the metasandstone characteristically appears massive and
unfoliated, a poor foliation is formed by parallel orientation of platy
minerals. Locally, the more micaceous beds have a rather widely
spaced transverse cleavage, commonly 1-10 mm between cleavage
planes, and the foliation is commonly parallel to bedding in thin
phyllite interbeds between thick sandstone layers. In general, however,
the foliation is a closely spaced transverse cleavage. As in the Seboo-
mook Formation, the phyllite grades into the slate.

Metasandstone and phyllite are exposed along U.S. Route 201 near
the southern contact of the Frontenac (NE-1.80, 4.50-4.85) and crop
out at the north edge of the Attean quadrangle (NE-1.25, 5.7). More
typical sequences can only be seen by traversing the ridges—Sandy
Stream and Slidedown Mountains—or the international boundary
line.

Several sedimentary or probable sedimentary features are still pre-
served. Graded bedding is common in the thinner beds, but is rarely



LOWER DEVONIAN ROCKS 55

well formed in the thicker beds. Sandstone in several places (for
example, NC-0.80, 3.76) contains small chips of shale or slate which
have been streaked out into the plane of the foliation. One such shale-
chip conglomerate (NE-1.23, 5.70; exposed in an artificial cut made
when the brook was moved during construction of the highway) was
probably formed by clay-sized particles filling the troughs of ripple
marks in sand. These “chips” have also been streaked out during the
deformation. Calcitic concreations in sandstone were observed at
several localities (for example, NW-1.40, 2.42; NC-1.85, 4.60). Com-
monly, the sandstone contains both small pellets, 0.5-1 inch in diam-
eter, and larger elipsoidal masses of calcitic concretions. The largest
masses seen in all dimensions were about 2 feet long and about 4 by 8
inches in cross section. The largest mass seen only in cross section
measured about 2 by 4 feet. The concretions consist of only about
5 percent calcite cementing the normal sandstone. Quartzose pellets,
about 10 mm in diameter, and lenses, about 5 by 25 mm in cross section,
were also noted on the weathered surfaces at some places. They are
almost invisible on a fresh surface and even in thin section and seem
to represent merely a high concentration of quartz grains. The texture
of the pellets is like that of the matrix, and they are believed to be of
sedimentary origin.

The sandstone has a granular-interstitial texture. Subrounded to
subangular quartz grains, 0.1-0.3 mm in diameter, are set in a finer
grained matrix (0.01-0.06 mm) of both granular and platy minerals.
The platy minerals are commonly in parallel orientation. Modes were
estimated in 26 thin sections of the typical sandstone; the medial
20 values have the following range : 75-85 percent quartz and feldspar;
10-20 percent white mica and chlorite; 0-5 percent calcite; 0-3 percent
sphene, leucoxene, and rutile; and 0.2 percent ilmenite, magnetite,
graphite, and pyrite. The medial 20 of 25 thin-section estimates had a
range of 2-20 percent plagioclase and 1-5 percent chlorite, but data
from X-ray analyses of the total rock suggest that these figures are
low. A few grains of potassium feldspar were observed in several
thin sections. Seven estimated modes from selected thin sections are
given in table 9.

Finer grained material from one sample of typical argillaceous
sandstone was separated and analyzed by X-ray methods before and
after ethylene glycol and heat treatment. The presence of white
mica and chlorite was confirmed, but kaolinite and montmorillonite
are not present. The white mica is identified as muscovite that has a
fairly low sodium content by (004) spacings of 4.93-4.96 A. The
lack of a doublet for that peak indicates that paragonite is absent.
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TABLE 9.—Fstimated modes and grain sizes and some properties of chlorite from
samples of the Frontenac Formation, Attean and Sandy Bay gquadrangles, Maine

1 2 3 4 5 6 7
... _BA-6a BA-156 BA-165b BA-254b BA-269a BA-74f BA-126
SE-1.2,0.1 NC-2.93, NC-3.50, NC-1.59, NC-2.42, NE-2.75, SC-4.0,0.27
(Sandy Bay 4.55 4.39 5.27 4.50 4.79 (Sandy Bay
quadrangle) quadrangle)

Estimated modes, in volume percent

Rock fragments..._.__ ... . ________.._._.__... <1 P,
Muscovite2_ ...

Biotite . e 3
Chlorite. __

2

lagioclase...._.._ 65 5 10 5 10 55 25
Potassium

feldspar.._._____ (€3 (D) oo i
Caleite_._._
Tourmaline.
Zircon. ..
Pyrite_ ..
Leucoxene_
Ilmenite. ...
Limonite..
Magnetite._ - s
Apatite. e

Large grains. __ ... 0.15 0.3 0.1 0.2 0.2 —-1.0 —0.3
Interstitial grains_ .02 .01 .06 .06 .04 .1

Some properties of chlorite in the samples

(001) spacing._A .. 14. 10 14.10 14.10 14.12 14. 12 14.15 14.13
Sign of elongation._ +) Co I GS) :(mt; [CONED] ?n(; =) +)

1 Explanation given in description of fieldwork.
2 Determined to be muscovite by X-ray analysis.

1-5. Typical argillaceous sandstone of Frontenac Formation.

% Caloirie concretion "

The (003), (004), and (005) spacings of chlorite on X-ray analyses
of total rock samples were averaged, using quartz as an internal stand-
ard. Basal spacings of 14.10, 14.10, 14.10, 14.12, 14.12, and 14.13 A
suggest an aluminum content per 10 cations of about 2.8-3.0.

Volcanic rocks occur within the Frontenac Formation northeast
of the Attean quadrangle at Pittston Farm near the west end of
Seboomook Lake and to the southwest in Quebec, but are absent in
the Attean quadrangle. The metasandstones described above are like
the schistose quartzites described by Marleau (1958b, p. 77-79) and
unlike his greenstone and tuff (1958b, p. 75-76), which consist mainly
of chlorite, acetinolite, clinozoisite, and plagioclase. An attempt was
made to identify volcanic rock and sandstone containing a large
amount of volecanic detritus. As compared to the average range given
above, four thin sections from the Frontenac Formation within the
Attean quadrangle have a rather low quartz content and high chlo-
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rite, clinozoisite, plagioclase, or white mica content. The chlorite from
one of these rocks (sample 6, table 9) has a substantially greater
basal spacing and lower aluminum content than chlorite of the typi-
cal argillaceous sandstone. As none of these have a composition like
that of the volcanic rocks described by Marleau, it was concluded
that these rocks are sandstones that contain a substantial amount of
volcanic detritus. The typical sandstone may also contain some vol-
canic detritus.

The top of the Frontenac Formation is not preserved, but an
estimate of thickness can be made from the southern basal contact
to the core of the syncline. Dips along the southern border in the
massive sandstone are much less than those well within the Frontenac,
and an average dip of about 30° seems reasonable. This angle gives
a thickness of about 11,000 feet, but it seems necessary to allow for
at least a twofold or threefold repetition by folding or faulting, or
both. Thus, the thickness can only be given as several thousand feet
or greater. By the same sort of reasoning, Marleau (1958b, p. 92) esti-
mated a thickness of 3,500 feet for the Frontenac Formation. Boucot
(1961, p. 166) estimated that the Tarratine Formation, the proposed
age equivalent of the Frontenac in the Moose River synclinorium,
ranges from 10,000 to 1,000 feet in thickness.

Since the time of Logan’s work (1849) the rocks now called the
Frontenac Formation were regarded as the oldest rocks exposed in
this area, mainly on the basis of similarities in lithology and topo-
graphic expression to the rocks of the Green Mountain-Sutton Range
to the west. Ells (1887, p. 24-26) indicated virtually correctly the
contacts of the Frontenac Formation and assigned it a Cambrian
age; the slates to the west, equivalent to the Seboomook, were assigned
a “Cambro-Silurian” (Ordovician in modern nomenclature) age;
and the granofels unit to the east, a “Huronian” age. These assign-
ments were based primarily upon correlation with Hitchcock’s (1878)
work in northern New Hampshire. Ells believed that there was a
“well-defined anticlinal structure” within the Frontenac, and he did
not recognize the narrow band of Seboomook between the Frontenac
Formation and granofels unit. McGerrigle (1935), Lord (1938), and
Faessler (1939) inferred essentially the same pattern; all believed
that the Frontenac rocks were older than the rocks just to the west.
Boucot (1953) assigned the Frontenac to the Cambrian and Ordo-
vician and the granofels unit to the Precambrian.

Relationships on the west side of the Attean quadrangle may either
be interpreted to indicate that the Frontenac Formation overlies the
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Seboomook Formation, which in turn overlies the pre-Upper Silurian
rocks, or that the two units are bounded by a fault preserving previous
assignments. Aeromagnetic maps (Canada Geol. Survey, 1953,
1954a—; Boucot and others, 1960) indicate the extension of the nar-
row band of Seboomook from the west side of the Attean quadrangle
southward into Quebec and back into Maine north of Parmachenee
Lake. Reconnaissance work has confirmed the sequence (northwest to
southeast) —Frontenac Formation, Seboomook Formation, pre-Upper
Silurian units—in the area north of Parmachenee Lake. The Aero-
magnetic maps also indicate two parallel narrow belts of high anoma-
lies related to the rather high magnetic susceptibility of volcanic rocks
within the Frontenac Formation. Marleau (1958a, b) concluded from
the observation of top directions of pillow lavas that these volcanic
rocks are on opposite limbs of a major structure, the Frontenac syn-
clinorium, and he also traced the band of Seboomook through Quebec.
Boucot (1961, p. 172; Boucot and others, 1960) revised his views on
the age of the Frontenac Formation according to the inferred syn-
clinorium and assigned the unit an Early Devonian age.

No direct evidence has been found to closely date the Frontenac
Formation and to establish its stratigraphic position. Qur work and
that of Marleau indicate that the Frontenac probably crops out in
the center of a major syncline; thus, it overlies the Seboomook Forma-
tion south and east of the synclinal axis, near the area of this report.
The Compton Formation, which is equivalent to the Seboomook north
and west of the axis in Quebec, is therefore by analogy also overlain
by the Frontenac. In Maine, however, northeast of the Attean area the
relative age of the Frontenac is equivocal because slates of Seboomook
lithology are known to structurally overlie the argillaceous sandstone
of the Frontenac Formation where the boundary may be either a
gradational contact or a fault; thus, the Frontenac may be older, at
least in part, than the Seboomook.

Argillaceous sandstone of the Frontenac Formation may be arbi-
trarily compared with that of the Tarratine Formation on a nonrigor-
ous basis, and the slate and phyllite of the Frontenac Formation, except
for a greener color, are casually comparable to those of the Seboomook
Formation below. Thus, on the basis of lithologic comparison alone, the
Frontenac may possibly be equivalent to the Tarratine Formation;
therefore, an Early Devonian (Oriskany) age is tentatively assigned
to at least the lower part of the Frontenac Formation and is arbi-
trarily adopted for purposes of this report.

ROCKS OF EARLY DEVONIAN OR YOUNGER AGE

Rocks assigned an Early Devonian or younger age include sills and
dikes of hornblende diorite intruded into the Frontenac Formation,
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the Hog Island Granodiorite, and two small dikes altered to dolomite.
The hornblende diorite is arbitrarily assigned an Early Devonian or
younger age because it occurs only within the Frontenac Formation
in the Attean quadrangle and has been affected by regional metamor-
phism. Should the Frontenac be older, then the age of the hornblende
diorite would have to be reassigned accordingly. The Hog Island
Granodiorite shows little alteration and was apparently intruded after
or during the waning stages of regional metamorphism. The two
altered dikes are within the Seboomook Formation and cannot be dated
relative to the other two intrusive units.

HORNBLENDE DIORITE

Hornblende diorite crops out only within the Frontenac Formation
in the Attean quadrangle. It occurs in elongate masses several feet to
several hundred feet wide and in one more bulbous mass several thou-
sand feet wide. All these masses are elongate parallel to the general
structural trend, and all observed contacts at map scale are conform-
able to the strike of bedding and cleavage, but the nature of the out-
crops does not permit us to ascertain conformity with dip. Folds in
the vicinity of the largest mass suggest that its shape may be due in
part to local repetition by folding. The restriction of the hornblende
diorite to the Frontenac Formation might suggest an extrusive origin,
but no primary volcanic features were observed and these rocks are
quite unlike the volcanic rocks of the Frontenac Formation described
by Marleau (1958b, p. 73-76). Several contacts have a suggestion of
a finer grained margin, although now much altered and schistose.
The hornblende diorite bodies, therefore, are indicated to have been
intruded as sills in the Frontenac Formation. A linear aeromagnetic
anomaly described in a later section is believed to be caused by a
concealed dike, which may be related to the hornblende diorite as a
feeder conduit.

Massive medium- to coarse-grained hornblende diorite forms high
cliffs on the south side of Slidedown Mountain (NC-1.5, 4.41). A
small outcrop of medium-grained pyroxene-bearing hornblende di-
orite is on U.S. Route 201 (NE-1.75, 4.52). More extensive exposures
are on Sandy Stream Mountain.

The hornblende diorite is a medium-grained extremely massive
rock which consists mainly of hornblende and plagioclase. It weathers
to a speckled green and white hackly surface, but is dark green on
a fresh surface. The diorite crops out boldly and forms many of the
east-northeast-trending ridges in the northern part of the quadrangle.
It is foliated only near the contacts of some of the larger masses and
in a thin selvage zone at the contact of smaller masses. Small gobs or
veins of hornblende, epidote, quartz, or chlorite are fairly common.

438-197—72—5
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Although the rock looks unaltered on a fresh surface, the hackly
weathered surface is indicative of the high alteration and suggests
that these rock masses are metadiorite or epidiorite.

The usual texture is interlocking bladed ; randomly oriented laths
of plagioclase are interstitial to coarser grained randomly oriented
blades of hornblende (1-4 mm long). Rarely, plagioclase is the coarser
grained mineral (1-2 mm long) and hornblende is interstitial to it.
The texture has been affected by the alteration of hornblende and
plagicoclase. Hornblende alters to actinolite, clinozoisite-epidote,
chlorite, and rare biotite and calcite; plagioclase alters to aggregates
of albite, clinozoisite, and white mica. Irregular or skeletal grains
(=~ 0.5 mm in diameter) of ilmenite are rimmed by sphene or leuco-
xene. Estimates of the original mineral content were made for 12
thin sections; the medial 10 values for each mineral are in the fol-
lowing range: 37-50 percent hornblende and its alteration products,
40-60 percent plagioclase and its alterations products, and 1-5 percent
ilmenite-sphene-leucoxene.

The hornblende has the following properties: 2V (—)
=80°; Z/\c¢ =26°;and pleochroism, X, colorless; ¥, light green; and
Z, light blue green. The peripheries of hornblende grains are com-
monly altered to a felted aggregate of fine needles of actinolite, in
which Z/\ ¢=15-20°. In many samples, hornblende contains cores of
-~ caleic pyroxene that has the following properties: 2V (4 )=65-70°;
and Z/\ ¢~41°. One sample contains peripherally altered grains of
pyroxene (~3 mm long). Differences in the composition of both
clinozoisite-epidote and chlorite in various samples are indicated by
the range in critical optical properties. Chlorite commonly has a posi-
tive sign of elongation, which indicates that these grains contain
more iron than magnesium.

The plagioclase is highly altered but retains a fuzzy multiple albite
twinning; zoning is not obvious. Most of the remaining feldspar is
albite, but optical properties indicate compositions as calcic as Ang,
in a few grains. The amount of clinozoisite suggests that the original
plagioclase was rather calcic. Minor minerals in addition to ilmenite-
sphene-leucoxene include pyrite, pyrrhotite, apatite, and rutile.

The diorite at the contact has been folded and foliated, indicating
that it was emplaced prior to the post-Early Devonian metamorphism.
The high alteration is attributed mainly to this metamorphism rather
than to deuteric alteration.

The hornblende diorite in the Attean quadrangle intrudes the
Frontenac Formation (Lower Devonian) and has been somewhat
metamorphosed, presumably during the Acadian orogeny. Rocks sim-
ilar to the hornblende diorite occur in the Frontenac Formation in
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adjacent Quebec (Marleau, 1958a; 1953b, p. 112-117). An elongate
mass of ophitic diabase, about 4.5 miles long, is exposed within
the Tarratine Formation immediately north of Parlin Pond
in the Long Pond quadrangle. The mass is conformable and is a
highly altered pyroxene-labradorite rock, according to Boucot (writ-
ten commun., 1956). Boucot assigned a possible Early Devonian age
to this mass because it is premetamorphic and post-Oriskany. It is
likely that this body is equivalent in age to the hornblende diorite of
the Attean quadrangle, if our age assignment is correct.

ALTERED DIKES

Two highly altered dikes intrude the Seboomook Formation in the
Attean quadrangle (NC-0.85, 1.52; NC-3.67, 3.52) ; both are poorly
exposed and consist of fine-grained dolomite.

The altered dikes are a fine-grained greenish-brown rock that has
a thick orange-brown weathered surface rind. In thin section a por-
phyritic bladed texture is apparent, although the rock now consists
of about 95 percent dolomite containing minor quartz, white mica,
chlorite, and fine opaque minerals. The texture suggests that the orig-
inal rock contained phenocrysts of feldspar and hornblende in a fine-
grained matrix, but none of the original minerals are preserved.

No logical correlatives of the altered dikes are known unless they
are related to three quartz-feldspar porphyry dikes which intrude
the Frontenac Formation in the Sandy Bay quadrangle, several miles
north of the Attean quadrangle (Sandy Bay, SC-1.56, 2.39; SC-0.35,
2.06; SC-0.45, 1.50). None of the quartz-feldspar porphyry dikes are
more than a few feet thick, and their total length could not be de-
termined. Both types of dikes intrude Lower Devonian rocks, but
no upper limit can be placed on their ages. In addition, quartz-
feldspar porphyry dikes are abundant in the Frontenac southwest
in Quebec (Faessler, 1939; Marleau, 1958b, p. 125-127), where schee-
lite was found associated with the dikes around 1890, and they have
since been rather intensively explored (Marleau, 1958b, p. 140-141).

All these dikes may be related either to the Kineo Volcanic Member
of the Tomhegan Formation of Early Devonian age in the Moose
River synclinorium or to granitic rock like the Hog Island Granodio-
rite, which is of late Early or early Middle Devonian age.

HOG ISLAND GRANODIORITE

The Hog Island Granodiorite, herein adopted, forms a nearly cir-
cular stock, about 2.5 by 2 miles in diameter, which underlies part of
the village of Jackman and much of Wood Pond. The stock is exposed
in only two locations—the south shore of Hog Island in Wood Pond,
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the type locality, and the lower part of the steep northeast face of
Sally Mountain on the south shore of Wood Pond. The granodiorite
is here named for its good exposures on Hog Island. The contacts
shown on the map are inferred largely from aeromagnetic data, be-
cause of the covering glacial deposits and lake. The stock is surrounded
by a contact-metamorphosed aureole about 0.2 mile wide. Numerous
building foundations and the church at the south end of Jackman vil-
lage are constructed of blocks split from large erratic boulders of Hog
Island Granodiorite.

The Hog Island Granodiorite is a medium-grained light-gray rock
composed of biotite, plagioclase, quartz, and potassium feldspar.
Potassium feldspar is commonly coarser grained (4-6 mm thick) than
plagioclase (1-2 mm thick) and quartz (1-2 mm thick). Finer grains
of all three minerals and some myrmekitic intergrowths occur along
the boundaries of the larger grains. The rock is massive and only
slightly jointed; thin dikes of aplitic facies of the granodiorite are
rare in the few available outcrops.

The rock contains 40-55 percent plagioclase, 15-20 percent potas-
sium feldspar, 20-85 percent quartz, and about 5 percent biotite. Minor
minerals include hornblende, white mica, zircon, allanite, sphene, mag-
netite, and apatite—as well as chlorite, clinozoisite-epidote, calcite,
and white mica, of probable secondary origin. Measured modes, ob-
tained from point counts of stained thin sections, are given in table 10.

TABLE 10.— Measured modes of Hog 1sland Granodiorite, Attean quadrangle, Maine

Sample. ... 1 2 3 4 5 6
Field No.._.____ - ..-. BA-215 BA-215 BA-186b _._..___. BA-895 BA-7b4a
Locationt.___ ... _ . _________.. EC-2.52, EC-2.52, EC-2.52, . .__... EC-285, EC-2.55,
2.76 2.76 2,76 2.80 1,53
Number of points counted._._._._.__. 3,658 3,185 2,139 8,982 3,34l 2,303
.............. 20.5 34.1 18.9 28.6 33.9 22.6
Potassium feldspar 21.6 12.7 18.7 18.8 16.2 16.7
Plagioelase_.._.______ 4.04 47.1 55.6 46.4 42.6 49.6
Whitemica_._ ... ____ ____ 1.1 .3 . L2
Biotite_____..__ ... __ 4.9 3.6 4 5.1
Chlorite___._..___._ - . .8 .8 . L9
Clinozoisite-epidote._.._..____... .. __ .7 .2 .8
Heornblende. .. ... .1
Calete e .3
Opaque minerals__ .5 .6 .5
Zircon and allanite .2 .2 .2
. 2} 4
Trace :
Ana Any

1 Explanation given in description of fieldwork.
3 o, 1.5447; 2V'y, 101.6°.
1-3. Point counts made on stained thin sections from various parts of outcrop from which samples for iso-
topic age determinations and chemical analysis were obtained.
4, Weighted average of samples 1-3.
5. Sample collected 1,200 feet east of samples 1-3.
6. Sample collected about 20 feet from contact with Upper Silurian conglomerate unit. Plagioclase highly
altered to white mica, clinozoisite-epidote, and calcite.
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The potassium feldspar is a fine microperthite containing small
amounts of patch perthite. It occurs in large anhedral grains, which
poikilitically include smaller grains of quartz and feldspar. Plagio-
clase occurs in subhedral grains that have marked oscillatory zoning
and is twinned according to the albite, pericline, and carlsbad laws.
Individual grains have as many as 10 oscillations, but extinction
angles indicate very little change in composition. The optical prop-
erties of plagioclase from one specimen (BA-895; a=1.5447, 2Vy
=101.6°), measured by a single variation method on the universal
stage, indicate a composition of An,, ;. Measured extinction angles on
other specimens indicate the same composition. Plagioclase is somewhat
altered to white mica, clinozoisite, and calcite, particularly in the more
calcic zones. Biotite is pleochroic from dark brown to light greenish
brown and is commonly in parallel intergrowths with white mica and
chlorite. White mica, the subhedral habit of which suggests a primary
origin, is found in those specimens without hornblende. Hornblende
is found as small irregular grains and is unaltered. Allanite is found
in markedly zoned and twinned subhedral crystals as much as 1 mm
long, and sphene and magnetite are found as rather large subhedral
crystals. Quartz has weak undulatory extinction.

Chemical analyses, CIPW norms, and calculated modes of the typi-
cal Hog Island Granodiorite are given in table 11. The measured and
calculated modes for BA-215 are reasonably close. Muscovite is higher
in the calculated mode because fine-grained white mica in feldspar was
included with the host feldspar in the measured mode. Comparison of
the values for biotite and magnetite suggests that part of the Fe*® cal-
culated as magnetite is actually in biotite.

The age of the Hog Island Granodiorite is inferred from several
lines of evidence. The granodiorite intrudes the fossil-bearing Seboo-
mook Formation (Lower Devonian), and fossils of probable Oriskany
age have been collected from the cordierite hornfels of its contact-
metamorphic aureole in that formation. In the Attean Quartz Mon-
zonite, biotite that seems to have formed during the Acadian regional
metamorphism has been recrystallized in the contact-metamorphic
aureole of the granodiorite, and the granodiorite body itself is little
altered ; these relations indicate that the Hog Island Granodiorite was
probably emplaced after the peak of the Acadian regional meta-
morphism.

The closest known areas in which the Acadian regional meta-
morphism has been dated are the Eastport area, where it is pre-Late
Devonian (Bastin and Williams, 1914, p. 9-10), and the Presque Isle
area, where it is pre-Middle Devonian—post-New Scotland (R. S.
Naylor, Massachusetts Institute of Technology, written commun.,
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1961). On this basis, the Hog Island Granodiorite is assigned here to
the late Early or early Middle Devonian.

TaBLE 11.—Chemical analysis, CIPW norm, and calculated mode of typical Hog
Island Granodiorite, Attean quadrangle, Maine

[Chemically analyzed by methods described by Shapiro and Brannock, 1956. Modes calculated by a.sségnlng
Fe+3 to magnetite, Ti to sphene, P to apatite, K to provisional potassium feldspar, Na to sodium feldspar,
Ca to calcium feldspar, remaining Fe+Mg+Mn=Fm to biotite [K Fma.es Alo.ss (Al Siz e6 O1) (OH),
using K and Al from provisional potassium feldspar, remaining Al to muscovite (K Al (Al 8iy O1) (OH)J]
using K and Al from provisional potassium feldspar, and remaining Si to quartz. Actual mineral com-
gosition given in table 10. Laboratory number, 156030; field numbers, BB-2525a and B A-215; location

C-2.52, 2.76 (explanation given in description of fieldwork)].

Chemical analysis Calculated mode
(weight percent) CIPW norm (cation percent)
SiOp- oo 71.2 Magnetite._______ 1.3 Magnetite________ 1.3
TiOge . .27 llmenite_. ______._ .02 Sphene___________ .6
ALOs . ______ 15,6 Rutile..._____._. .2 Apatite__________ 3
FeOp oo ___ 1.2 Apatite._________ .3 Potassium feld-
FeO______.___ .55 Potassium spar-.__.__..___. 14. 4
MnO__._______ .04 feldspar._.______ 18. 4 Sodium feldspar.__ 39. 8
MgO0 _______ .39 Sodium feldspar___ 39.8 Calcium feldspar... 10. 8
CaO__________ 2.5  Calcium feldspar._ 11.7 Biotite._____.__.__ L7
Na,O_ .. ___._ 4.4 Hypersthene_ .____ 1.1  Muscovite _______ 40
KO ________. 3.1 Quartz__._..___._._. 26.3 Quartz___________ 27.1
P05 ___ .13 Corundum _____ .8
H,O .. _____ . 64 - Total______ 100
CO, ... . 05 Total______ 99.9
Total__._ 100

Isotopic age determinations (Hurley and others, 1959), which are
discussed in a later section, indicate an age of about 360 m.y. (million
years) for the Hog Island Granodiorite. Comparison with potassium-
argon ages of 385415 m.y. for Oriskany-age bentonite beds in Gaspé
(Smith and others, 1961) suggests that the Hog Island Granodiorite
be assigned to the Middle Devonian.

Many stocks of similar rock are present elsewhere in Maine, and the
New Hampshire Plutonic Series (Devonian) of New Hampshire
(Billings, 1956, p. 53-69, 106) includes plutons that are similar in
lithology and structural setting.

CONTACT-METAMORPHIC ROCKS ASSOCIATED WITH THE HOG
ISLAND GRANODIORITE

Within the contact-metamorphic aureole of the Hog Island Granodi-
orite, rocks of the Seboomook Formation, the conglomerate unit, and
the Attean Quartz Monzonite are quite different from their normal
lithologies, and each is described separately.

The Seboomook Formation in the inner 0.2 mile of the metamorphic
aureole is a dark-gray cordierite hornfels; the hornfels is well exposed



ROCKS OF EARLY DEVONIAN OR YOUNGER AGE 65

on an island in Wood Pond (EC-2.00, 2.64). Sedimentary layering and
graded bedding are well preserved and are more apparent than in the
normal slate of the Seboomook. Identifiable fossils have been found in
the contact aureole; they are more easily distinguished in the hornfels
than in the slate. Transverse cleavage is poorly formed, but some small
tight relict flexures are enclosed within cordierite porphyroblasts.
Blocky cordierite porphyroblasts, typically 5 by 5 by 10 mm, are most
abundant in the more argillaceous layers and may constitute 25-85
percent of these layers. Cordierite distribution in the more argillaceous
layers emphasizes the graded bedding. The matrix consists of about
equal parts of quartz (and plagioclase?) and micaceous minerals (bio-
tite, white mica, and chlorite) and 1-5 percent of very fine grained
opaque minerals, chiefly graphite. Quartz grains in the more quartzose
layers are coarser grained (0.4-0.6 mm diameter) than those in the
more argillaceous layers (0.1-0.2 mm in diameter).

The cordierite porphyroblasts, which may consist of more than one
one crystal, commonly contain inclusions of quartz, white mica, and
chlorite, and many have rims of white mica and chlorite. Brown biotite
constitutes as much as 30 percent of the matrix near the contact, but
chlorite becomes more abundant and biotite, less abundant away from
the contact. Both biotite and chlorite are present in samples collected
about 0.6 mile from the contact; these samples look like the typical
slate of the Seboomook. Biotite was absent, however, in rock 1.3 miles
from the contact. The actual contact between the Hog Island Grandi-
orite and the hornfels was not observed in place, but a large block on
the shore at the southwest corner of Hog Island shows that the contact
is sharp and without gradation or a selvage zone and that the rock
does not break readily at the interface. The quartz and cordierite layer-
ing is cut at nearly right angles by the contact. Granodiorite at the
contact is finer grained than in the typical granodiorite, and biotite
is less abundant. In thin section the texture and mineral composition
of the hornfels is unchanged adjacent to the main contact, but adjacent
to a thin (10 mm thick) dike in the same block, biotite has altered to
chlorite, and cordierite, to white mica and biotite. No montmorillonite,
kaolinite, or mixed-layer minerals were observed.

Within the contact-metamorphic aureole cale-silicate minerals occur
in the calcareous sandstone and conglomerate of the conglomerate unit.
The rock does not look different, except very close to the contact where
calc-silicate minerals are megascopic. Such rocks can be seen on
the west side of Wood Pond (EC-2.51, 1.52; EC-2.08, 2.09). Under the
microscope the texture is not very different from that of the normal
rocks of the conglomerate unit, but the detrital texture is somewhat
parasitic and grain contacts are sutured. Garnet and pyroxene are
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interstitial to larger grains of quartz and feldspar. The garnet is
zoned by color and birefringence and is probably grossularite-andra-
dite; the pyroxene is diopside. The distribution of garnet and pyrox-
ene seems irregular and must depend in part upon the distribution of
calcite in the sandstone and conglomerate. Garnet and pyroxene were
observed 0.2 mile horizontally from the contact, near the top of the
steep east slope of Sally Mountain; it is not known exactly how far
this occurrence actually was from the contact which now is exposed
only at the foot of the slope. The conglomerate at the top of the east
slope of Sally Mountain is calcareous, but no garnet or pyroxene was
seen in it. .

Several outcrops of Attean Quartz Monzonite occur just south of the
inferred contact with the Hog Island Granodiorite (EC-3.45, 1.13).
The rock in these outcrops has been recrystallized in the contact-
metamorphic aureole. The normal Attean Quartz Monzonite contains
abundant aggregates of chlorite, white mica, epidote, and green biotite,
in part pseudomorphic after biotite. This green biotite has the same
potassium-argon age as the Hog Island Granodiorite, the cordierite
hornfels, and the slate of the Seboomook Formation (described in a
later section). Such green biotite, however, is not present in the con-
tact-metamorphic aureole, where it seems to have been recrystallized.
The aureole rock contains aggregates of brown biotite, but chlorite,
white mica, and epidote are absent in the aggregates. The feldspar
shows evidence of enlargement, no clinozoisite is present in the plagio-
clase, and both quartz and feldspar contain healed granulation layers.
Moreover, the magnetic susceptibility is four to five times that of the
normal Attean Quartz Monzonite.

STRUCTURAL GEOLOGY

The Boundary Mountain anticlinorium (Cady, 1960, p. 536; Albee,
1961), a major structural feature, extends from northern New Hamp-
shire northeast into the Attean quadrangle. In the central part of the
quadrangle, the pre-Upper Silurian rocks in the core of the anticlino-
rium plunge under the Upper Silurian and Lower Devonian rocks;
here, the anticlinorium is subdued and is expressed only as an anti-
clinal tract between two major synclinoria. The Moose River syncli-
norium (Boucot, 1953, 1961) lies east of the Attean quadrangle and
contains a great thickness of well-dated Lower Devonian rocks. The
Frontenac synclinorium to the west (Marleau, 1958b) also contains
a great thickness of Lower Devonian rocks and is an “axial synclino-
rium” of the Connecticut Valley-Gaspé synclinorium (Cady, 1960,
p- 536). The troughline of the Frontenac synclinorium passes through
the extreme northwest corner, the Quebec part, of the Attean quad-
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rangle and lies along the South Branch of the Penobscot River in the
Sandy Bay quadrangle. The axes of all these major folds trend gen-
erally northeast, are nearly parallel, and have nearly horizontal
plunges.

The Boundary Mountain anticlinorium is best expressed within the
Attean quadrangle by the pattern of the unconformable contact be-
tween the pre-Upper Silurian and the Upper Silurian and Lower
Devonian rocks. Bedding near the base of the Upper Silurian and
Lower Devonian rocks is generally parallel to this contact, although
it is transverse to the contact, tightly folded, and intensely cleaved
a few hundred feet away. In the younger rocks in the western part of
the area, bedding is rarely apparent, and cleavage is nearly parallel
to cataclastic foliation in the underlying Attean Quartz Monzonite
adjacent to the unconformity. No axial region can be located directly
in the pre-Upper Silurian rocks, perhaps owing to the lack of planar
features.

In contrast to the intense folding and extensive transverse cleavage
found in the younger rocks, the pre-Upper Silurian rocks have de-
formed mainly by fracture and by local shearing produced by cata-
clasis (see earlier section).

The character of the deformational features, and presumably of the
deformation itself, in the pre-Upper Silurian is very different from
that in the Upper Silurian and Lower Devonian rocks; hence, the
structural features of the two groups of rocks are discussed separately
in the following sections.

STRUCTURAL FEATURES IN PRE-UPPER SILURIAN ROCKS

Fractures and joints, cataclastic zones, and faults—all features
related to deformation by fracture—are the dominant structural fea-
tures in the pre-Upper Silurian rocks. No folds were observed, but
planar features by which folding might be recognized are extremely
rare in the pre-Upper Silurian units.

Fractures are best formed and most systematic in the Attean Quartz
Monzonite, where joints occur in well-formed sets. Most of these joints
are simple fractures, devoid of slickensides, mineral fillings, or asso-
ciated alteration. The joint surfaces are not curved and the joints
have not been folded. Joint spacings vary greatly.

Fractures in the granofels unit and the diorite differ from those
in the Attean Quartz Monzonite. Fractures in the granofels are ex-
tremely abundant but occur in local sets which have very irregular
surfaces, rather than in through-going joint sets; systematic orien-
tations are rare, even within a single outcrop. Even in outcrops where
fractures are not apparent, the granofels and diorite tend to break



68 GEOLOGY OF THE ATTEAN QUADRANGLE, MAINE

along fracture surfaces; this tendency makes it difficult to procure
specimens that have fresh surfaces. Slickensides, elongate aggregates
of minerals, and preferentially oriented platy minerals suggest that
movement has occurred on some fractures. Fractures filled with epi-
dote, quartz, or feldspar are common in both rock types.

The difference in the fracturing characteristics of the Attean Quartz
Monzonite from those of the granofels and diorite is inferred to be
related to dissimilar textural and compositional properties, and not
to the age of deformation.

Glacial quarrying accentuates the joints in much of the area and
has produced lineaments that have marked topographic expression.
Such topographic expression of joints in the Attean Quartz Monzonite
is clearly shown on the aerial photographs (fig. 4), but topographic
expression of fractures in the granofels and diorite is much less pro-
nounced. This lack of expression is probably attributable to the rather
irregular habit of the fractures in the granofels and diorite. The linear
features expressed on the aerial photographs have been transferred
to the bedrock geologic map (pl. 1). One or two joint sets are strongly
expressed by lineaments over several large areas, but this expression
is a function of the direction of glacial flow, as well as of the nature
and spacing of the joint set.

Several schistose shear zones occur within the pre-Upper Silurian
rocks, particularly the Attean Quartz Monzonite. These zones have
no apparent linear extent at map scale, and the shearing has produced
cataclastic deformation in combination with alteration of both the
feldspars and mafic minerals. Parallelism of these zones with joints
suggests they are genetically related. Several typical zones east of
Attean (SE-1.0, 5.3) contain quartz porphyry dikes and abundant
mafic inclusions. A geochemical anomaly at the east end of Sally
Mountain is explained by the presence of sulfides within one or more
of these shear zones (Canney and Post, 1964) ; the introduction of
sulfides is manifested by alteration within the zones.

Within the pre-Upper Silurian rocks only the more persistent, well-
expressed fracture sets were measured; this method was especially
adaptable to the Attean Quartz Monzonite, but interpretation was
usually necessary in the granofels and the diorite. In most natural
outerops one, two, and rarely three fracture sets were measured; the
prominent sets are commonly nearly vertical and less commonly nearly
horizontal. However, in cliff exposures on the shores of Holeb and
Attean Ponds and in railroad cuts, commonly more than three equally
prominent fracture sets occur, only two of which are nearly vertical.
Apparently, the measured distribution of the joint sets and topo-
graphic linear features is biased by glacial erosion and the direction
of ice movement.



F1cUrE 4.—Aerial photograph showing small ponds and cliffs along topographic
lineaments resulting from glacial quarrying of well-jointed Attean Quartz
Monzonite in the vicinity of Benjamin Pond, Attean quadrangle, Maine. Scale
about 1 :20,000.
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Fieure 5.—Point diagrams (on facing page) of joints (plotted on equal-area
projection, upper hemisphere) from 16 areas within the Attean quadrangle,
and map (above) showing location of these areas and topographic linear
features plotted from aerial photographs.

Field measurements of joints in the pre-Upper Silurian rocks have
been compiled into point diagrams, which are shown in figure 5
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1

along with the topographic linear features. An individual point dia-
gram has been prepared for each area of pre-Upper Silurian rocks
bounded by either geologic contacts or extensive breaks in outcrop
density, such as lakes or areas of thick till. A point diagram is also
shown forthe Upper Silurian conglomerate unit (area 13).

The trends of the joints (fig. 5) closely correspond to the trends of
the topographic linear features, especially in the central part of the
area. Point diagrams for two areas north of Attean and Holeb Ponds
show the presence of more nearly horizontal fractures (dots in center
of diagram) than in other areas. We interpret this to be the influence
of the concentration of cliff exposures and railroad cuts in this area;
these features favor observation of nearly horizontal fractures. On
the other hand, differences in strike of the nearly vertical joint sets
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among fracture areas, as indicated by both the point diagrams and the
topographic linear features, are interpreted to be real.

The planarity of aplite dikes suggests that these occupy fractures,
but the aplite dikes generally occur singly, rather than in sets, and
relatively few measurements were made on them. Some joints in the
Attean Quartz Monzonite contain a thin clinozoisite-epidote filling.
These filled joints occur in a peripheral alteration zone of the quartz
monzonite which is rich in clinozoisite-epidote and chlorite. These
joints are cut by younger simple fractures, but not enough of them
were observed to permit any generalizations about their spatial
relations.

The cataclastic schistosity in the Attean Quartz Monzonite north
and west of Little Big Wood Pond (described in an earlier section)
is best formed adjacent to the northeast-trending contact with the
younger rocks. This rather distinet zone extends northeastward (pl. 1)
from the western edge of the quadrangle to the vicinity of the North
Branch of Wood Stream, where the zone apparently extends into the
Upper Silurian and Lower Devonian rocks along its trend. The schis-
tosity is best formed within several hundred feet of the contact with
the younger rocks, but it is still well formed as much as 4,000 feet from
the contact. In this zone the micas derived from alteration of feldspar
are alined, as are the deformed lenticular quartz grains; this aline-
ment gives the rock a true micaceous schistosity (fig. 3). The schistos-
ity is parallel to cleavage in the overlying Seboomook Formation and
is slightly transverse to the contact. Simple joints and local irregular
fractures transect the schistosity.

This cataclastic schistosity is expressed topographically as shown
in area 5 in figure 5. It has also been assumed (pls. 1, 2) that this cata-
clastic zone passes upward and eastward into a multiple fault zone
and is expressed by a combination of folds and faults in the Upper
Silurian and Lower Devonian rocks.

A north-northwest-striking fault within the pre-Upper Silurian
rocks extends for nearly half the quadrangle and probably at least
4 miles south into the Spencer Lake quadrangle. Attean Quartz Mon-
zonite on the west has been faulted into contact with an elongate roof
pendant of the granofels unit on the east; the fault is probably near
vertical, and the downthrown block is on the east. Evidence for the
fault includes the topographic expression and cataclastically deformed
and altered rocks which crop out at several places within the narrow
trench at the southern end of the quadrangle. It is not believed that
this fault differs fundamentally from the cataclastic zones described
immediately above, inasmuch as the zone parallels prominent joint
sets in the adjacent rock on either side.
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STRUCTURAL FEATURES IN UPPER SILURIAN AND LOWER
DEVONIAN ROCKS

The dominant observable structural feature of the Upper Silurian
and Lower Devonian rocks is a cleavage transverse to bedding in the
pelitic rocks. Evidence of map-scale folds was found in only a few
places. One of these folds is an anticline on the east ridge of Slidedown
Mountain ; it is marked by reversal of dips of beds. This anticline may
be responsible for the bifurcation of the east end of the hornblende
diorite mass at Slidedown Mountain. The broad part of the mass is on
the axial region of the anticline.

Several folds have also been mapped in the area northwest of Foxs
Camp, and irregularly spaced areas of crumpled bedding in the north-
ern part of the area underlain by the Seboomook Formation may indi-
cate the positions of axial regions of larger folds. Even minor folds
are rare, however, and the overall nature of the deformation must be
inferred from the character of the minor structures and from observa-
tions in two roadcuts. Attitudes of several different minor structural
features are indicated on the bedrock geologic map (pl. 1).

Bedding in the limestone and slate unit and in the conglomeratic
sandstone unit is readily distinguishable, but it is rarely observable in
the Upper Silurian conglomerate unit. The massive argillaceous sand-
stone beds of the Frontenac Formation rarely have internal bedding,
but the attitude of the contact with the surrounding pelitic rocks is
generally observable. Bedding in the pelitic rocks of the Upper
Silurian and Lower Devonian units is not everywhere obvious; it
ranges from lithologic layering and rather spectacular cyclic layering
produced by graded sets to nearly massive rocks in which layers are
subtly expressed by refraction of cleavage, gradation in weathering
color, or fine-grained sand layers as little as 1 mm thick. Graded
bedding is commonly observable in thin section, even in rocks from
outcrops in which bedding was not recognizable in the field. A bedding
schistosity is produced by parallel orientation of micaceous minerals,
but it is commonly almost totally disrupted by the transverse cleavage.

The transverse cleavage has a characteristic mineral fabric, spacing,
and orientation relative to bedding and ranges from typical slaty
(axial-plane, flow) cleavage to fracture cleavage. In fine-grained
highly micaceous rocks the transverse cleavage is megascopically a
slaty cleavage, seemingly produced by a uniform parallel orientation
of micaceous minerals (fig. 6). Most thin sections indicate that the
cleavage consists of thin discretely spaced planes, 0.02-0.04 mm apart.
Between these planes the micaceous minerals are oriented parallel to
bedding, and microscopic graded bedding is commonly preserved. In
figure 6, discrete offsets of bedding can be seen along the cleavage
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F1eURE 6.—Photomicrographs of transverse cleavage in Upper Silurian and
Lower Devonian pelitic rocks showing direct correlation of spacing of cleavage
planes with grain size and percentage of granular minerals (plane-polarized
light). A, Transverse cleavage planes spaced 0.01-0.02 mm apart; micaceous
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planes. Increased spacing of the cleavage planes correlates with in-
creasing grain size and an increasing fraction of granular minerals.

In highly micaceous rocks a rare cleavage, spaced 5 mm apart, is
found associated with chevron folds (fig. 74). More commonly, how-
ever, the more widely spaced cleavage is a slip cleavage (White, 1949)
characterized by fine crinkles in the mica fabric between the cleavage
planes (fig. 78). In highly quartzose beds the cleavage may be very
widely spaced or absent, even though distinctive slaty cleavage occurs
in adjacent pelitic beds.

Varied spatial relations of the transverse cleavage to bedding can
be observed throughout the Devonian rocks. The transverse cleavage
is refracted at the contacts between granular and micaceous beds and
makes a smaller angle with bedding in the finer grained, more mica-
ceous beds than in the coarser grained, more quartzose beds. The
attitude of the intersection with bedding is the same in both rocks.
This refraction of cleavage is not due to bending or offset after the
formation of the cleavage; this is best demonstrated by the character
of refracted cleavage in rocks containing well-formed graded bedding.
(See fig. 8.) The cleavage forms a sigmoid curve across the graded
sequence and is more closely spaced in the micaceous layers. Even where
graded bedding is not readily apparent in the field, its existence is

¢
minerals in the slices are oriented transverse to cleavage. B, Transverse cleavage

planes 0.05-0.2 mm apart. ¢, Transverse cleavage planes spaced 0.1-0.2 mm
apart. Mica oriented parallel to bedding.

428-197—72——6
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commonly indicated by the curvature of the transverse cleavage, and
the curvature can be used to determine bedding tops.

The plane of the transverse cleavage is the plane of maximum flat-
tening in the rock, although the presence of offsets might lead one to
think it was a plane of maximum shear. Concretions observed through-

i 3mm |

F16UurRe 7.—Photomicrographs showing widely spaced transverse cleavage in
Upper Silurian and Lower Devonian pelitic rocks. (Plane-polarized light.)
A, Cleavage associated with chevron folds. B, Slip cleavage.
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Ficure 8.—Refracted cleavage in graded beds in the Seboomook Formation.
Bedding is nearly vertical and the coarser grained rock is on the left in each
graded bed. Ruler is 6 inches long.

out the area are all flattened in the plane of the transverse cleavage,
and brachiopods from the vicinity of Foxs Camp (particularly fossil
loc. BA-999, pl. 2) are markedly flattened in the plane of cleavage, as
indicated in figure 9.

In folds, the transverse cleavage coexists with concentric shear in
sandy layers, as in the examples discussed and figured by De Sitter
(1956, p. 93-98). Figure 10 shows several slabs cut from a single
small fold in a rock containing alternating sandy and micaceous layers,
and figure 11 shows similar features in photomicrographs. On the
flanks of the fold, the dark-gray micaceous layers are thinned relative
to the hinge area owing to the closely spaced transverse cleavage. How-
ever, the sandy layers have apparently deformed by both concentric
shearing parallel to bedding and concentrated transverse slip.

A structural feature which consists of rather widely spaced mono-
clinal flexures that pass into partings or small faults, herein called
fold-band structure, offsets the transverse cleavage ; the offset direction
is generally consistent within a small area, but no regional systematic
pattern is apparent. The apparent lack of system, however, may be
the result of our failure to observe the features in small outcrops.
Persistent well-expressed joint systems are not common in the Upper
Silurian and Lower Devonian rocks, but these fold bands may essen-
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Ficure 9.—Fossils (brachiopods) flattened in the plane of cleavage from cal-
careous slate near Foxs Camp, Attean quadrangle, Maine (fossil loc. BA-999).
Sample in upper left is a slate fragment lying on the cleavage plane; a flat-
tened brachiopod protrudes from the right side. The two specimens in ‘the
lower left are undeformed examples of the same species but from another
locality. The undeformed specimen on the right has the same orientation as
the flattened specimens.

tially be the equivalent of joints. Fractures, but no fold bands, are
formed in the hornblende diorite bodies and in the boulder and cobble
conglomerate of the conglomerate unit.

In the southern part of the Seboomook terrane, bedding commonly
dips 15°-30° WNW., and the transverse cleavage dips 35°-60° NW.
The dips of both features steepen in the area to the north underlain by
the Frontenac Formation. The cleavage-bedding intersection is paral-
lel to the axes of small crinkles where they are present ; both commonly
plunge less than 10° NE., but are locally near horizontal or plunge
gently southwest. The direction of tops of beds indicated by the spatial
relations of bedding and transverse cleavage corresponds to that
indicated by graded bedding wherever both features are present.

Two large artificial cuts in Lower Devonian rocks along U.S. Route
201 are the only such exposures in the area, and both contain extensive
folding and furnish evidence about the mode of deformation in the
area. The detailed structure in these roadcuts would rarely, if ever,
be seen in natural exposures in the quadrangle.



Fieure 10.—Small folds in the Frontenac Formation. The specimens are 1-inch-thick slabs cut from a single fold and
illustrate variation along the fold axis as well as transition from transverse cleavage in the dark-gray argillaceous
layers to concentric shear in the light-gray sandy layers.
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Ficure 11.—Photomicrographs showing relations between transverse cleavage
and bedding in small folds in the Seboomook Formation. Transverse cleavage
is closely spaced in the dark-gray argillaceous layers, is absent in the white
sandy layers, and shows a transition in the graded beds giving way to bedding

schistosity in the gray layers of intermediate composition. Plane-polarized
light.
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Plate 3 is a sketch of a vertical section of a series of roadcuts along
U.S. Route 201 at the north border of the Attean quadrangle in the
Frontenac Formation. Cleavage-bedding relations, refracted cleavage,
graded bedding, and observed crests and troughs of folds indicate at
least 13 reversals of the direction of tops of beds in this 720-foot
section. The natural outerops above the cut do not show any such de-
tail. The spacing of the transverse cleavage is indicated schematically
on the sketch and corresponds to the generalizations above. Fine-
grained hornblende diorite at 120-160 feet on the sketch is not cleaved,
but it is fractured and schistose near the contacts. More quartzose
rock at 160-210 feet has rather widely spaced cleavage, nearly parallel
to bedding. Argillaceous sandstone at 235-255 feet also has rather
widely spaced transverse cleavage and contains concretions flattened
in the plane of the cleavage and elongated down dip. The more closely
spaced transverse cleavage is refracted by lithologic differences and
fans through axial regions of folds. However, the curvature of the
cleavage at 300-310 feet is probably the result of later deformation
rather than refraction.

The second artificial cut is within the Seboomook Formation and
is about 700 feet long; it is along the stream where the East Branch
of Sandy Stream has been relocated during highway construction
(NE-1.8, 3.9). In this outcrop, nine reversals of tops of beds are
indicated by cleavage-bedding relations and crests or troughs of folds.
Throughout the section the transverse cleavage strikes about N. 65° E.
and dips 27°-57° N. Bedding dips north and south, changing in dip
through both the vertical and the horizontal in different folds. In
most of the section, however, the bedding dips north and the cleavage
dips either more steeply or less steeply north depending upon the
direction of tops of beds. The cleavage is deformed by fold-band sets
that are spaced 0.5 inch to 2 feet apart, strike about N. 70° W., and
dip about 65° S. Concretions in this cut are also flattened in the plane
of the cleavage.

The folds in both cuts are similar in most aspects. Axial planes
are steeply inclined to the north, and the hinge is very sharp. The
hinge is sharper in the slate than in argillaceous sandstone where
the two can be observed, but commonly the hinge cannot be seen in
slate at all because of breakage and disjunctive dislocation at the
crest. Many of the folds have one limb cut off by steeply dipping
faults, apparently nearly parallel to the strike of bedding. Individual
beds are thicker on the hinge than on the flanks.

An estimated one-third of our field stations in the Devonian rocks
provided data, either graded bedding or cleavage-bedding relations,
on the direction of tops of beds; nearly all these indicated tops of beds
were to the north. Taken at face value, the structural symbols on plate
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1 and the increased outcrop breadth from west to east would suggest
that the Seboomook Formation thickens greatly from west to east.
Much of this increase in outerop breadth is believed to be due to
repetition by many nonsystematic folds rather than by well-defined
folds whose axial region might be located and indicated on a map.
The upward extension parallel to the cleavage must also increase
the outcrop breadth.

Our observations, particularly those on small folds, indicate that
concentric folding and cleavage folding (shear folding) occurred
together, but observations in the two artificial cuts suggest that cleav-
age folding was more important. The necessary upward extension
parallel to cleavage is confirmed by the down-dip elongation of con-
cretions flattened in the plane of the cleavage, by observed offsets of
bedding, and by the form of the crinkles in the slices between cleavage
planes. It is inferred that the typical slate of the Seboomook For-
mation contains many such folds, that the spacing of transverse cleav-
age differs and may make recognition of hinges difficult, and that actual
offsets or faults on fold limbs, such as those seen in the cuts, may be
abundant. Such deformation would tend to bring a unit down into
the plane of the map over a greater outcrop breadth than would be
produced by an undeformed monoclinal section. This deformation
could have produced the great outcrop breadth, relative to the ob-
served dips and assumed thickness, of the Seboomook Formation
on the east side of the Attean quadrangle.

This mode of deformation is believed to explain our bias in re-
cording north-facing tops of beds more often than south-facing tops.
Two considerations are important here: First, the asymmetry of
folds with northward-dipping axial planes has produced a geometry
such that bedding and cleavage dips are seldom the same on north-
facing limbs, but tend to coincide on the south-facing limbs; second,
south-facing limbs contains the disjunctive elements produced by
folds passing into faults by thrust movement. In the first considera-
tion, tops are rather easily determined by the criterion of bedding-
cleavage intersection, and graded bedding is better preserved. In
the second consideration, the south-facing limbs were probably more
susceptible to glacial erosion because leeward-slope plucking was
facilitated by brecciation and partial comminution of the rocks in these

limbs.
STRUCTURAL SYNTHESIS

The deformation which formed the broad open warps of the Boun-
dary Mountain anticlinorium and the Frontenac synclinorium ex-
pressed itself very differently within the individual lithologic units.
The pre-Upper Silurian rocks deformed by fracturing and shearing,
whereas the Upper Silurian and Lower Devonian argillaceous rocks
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deformed by flattening and upward etxension in the plane of the
transverse cleavage and by local tight folding. The more massive
Silurian limestone and Silurian-Devonian sandstone bear rather slight
evidence of deformation, although the Upper Silurian conglomerate
unit has joint patterns much like those in the Attean Quartz Mon-
zonite (Ordovician(?)).

The older rocks may have behaved somewhat as a buttress—a rather
rigid block—during the deformation which produced the folds and
cleavage in the younger rocks. The pre-Upper Silurian rocks merely
fractured during this deformation, and well-formed joint sets in
the Attean Quartz Monzonite resulted. Local intensive shearing is indi-
cated by the cataclasis described in an earlier section; formation of
the shearing was more dependent upon structural position than upon
the amount of alteration.

Shearing is not formed near the contact in the vicinity of Sally
Mountain, where the quartz monzonite is only slightly altered, or in
the vicinity of Sugar Berth Pond, where the quartz monzonite is
highly altered. The contact at Sugar Berth Pond is at a large angle
to the cleavage in the overlying younger rocks. The distinct cataclastic
zone near the contact in the Turner Pond area may have formed as
the result of differential movement at the contact between rocks de-
forming rather plastically and rocks deforming rather brittly. The
difference in the formation of schistosity between the northwestern
part of the area and the area near Sally Mountain would be expected
because of their positions within the Boundary Mountain anticlinor-
ium—one on the limb and one on the axial region, respectively.

Such an interpretation requires that the Upper Silurian and Lower
Devonian rocks moved over the pre-Upper Silurian rocks during
the deformation. Low-angle strike faults in the younger rocks are
not anywhere obvious, but several lineaments expressed on the aerial
photographs along the projection of the cataclastic zone from the At-
tean Quartz Monzonite into the Seboomook Formation (pl. 1) may be
erosional expressions of such faults. Several lineaments occur in the
cataclastic zone west of the North Branch of Wood Stream, and it is
believed that the cataclastic zone expresses a décollement produced
by thrust transport of the Seboomook and Frontenac Formations
southeasterly over the pre-Upper Silurian rock buttress, although no
such décollement is illustrated on the bedrock geologic map (pl. 1).
Wood stream has largely imposed itself upon this fault zone, producing
the regional lineament. The thrust extends to the southwest, probably
coincident with structural features recently mapped in the Arnold
Pond quadrangle (3-C, fig. 2) by D. S. Harwood (unpub. data, 1967).
The cataclastic zone in the Attean Quartz Monzonite probably persists
to the northeast, as well as to the southwest, beneath the cover of the
metasedimentary rocks.
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METAMORPHISM

Rocks of Early Devonian and older age in the Attean quadrangle
have undergone low-grade metamorphism which is clearly post-Early
Devonian in age. Potassium-argon age determinations (see section on
radioactive ages) indicate that this metamorphism occurred 360 m.y.
ago in late Early or Middle Devonian time; slightly later, the contact-
metamorphic aureole around the Hog Island stock was formed. The
contrast in metamorphic grade and texture between the pre-Upper
Silurian granofels unit and the overlying Upper Silurian rocks indi-
cates that the granofels was metamorphosed to a higher grade prior to
the deposition of the Upper Silurian rocks. Two different metamorphic
episodes are therefore indicated; the earliest is probably associated
with the Taconic orogeny if the age assignment of the granofels unit
is correct, and the latest is associated with the Acadian orogeny.

PRE-UPPER SILURIAN ROCKS

The granofels unit was probably metamorphosed as high as sillima-
nite grade before Late Silurian time; subsequently, the unit was
altered (retrograde metamorphism) during the chlorite-grade meta-
morphism associated with the Acadian orogeny. The earlier meta-
morphism is indicated by :

1. Relict sillimanite, garnet, and biotite, highly altered to assemblages
characteristic of chlorite-zone metamorphism, occur in the
granofels unit. These diagnostic minerals are absent in the Upper
Silurian and Lower Devonian rocks. Plagioclase in the granofels
1s more calcic than is normal in chlorite-zone metamorphism, and
it has also been highly altered by the later metamorphism.

It was inferred that the high plagioclase content of the grano-
fels unit was due to abundant volcanic detritus and that the mafic
lithic fragments are of volcanic origin. However, none of the
lithic fragments have volcanic textures or mineralogy, and most
fragments consist of hornblende and plagioclase. These features
are compatible with a volcanic origin only if they were meta-
morphosed to a higher grade than that of the Acadian orogeny.
Moreover, some of the granofels of probable sedimentary origin
contains hornblende.

2. Granulation, intense suturing of grain contacts, and undulatory
extinction of quartz in the granofels preceded the later alteration
of plagioclase.

These features suggest that extensive deformation, tentatively cor-
related with the Taconic orogeny, occurred prior to the alteration
related to the Acadian orogeny.
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The time of intrusion of the pre-Upper Silurian diorite relative to
the earlier metamorphism is not clear. The mineral assemblage of the
diorite, predominantly hornblende and plagioclase, could form either
by crystallization from a silicate melt or by metamorphism of mafic
rocks at a grade compatible with the presence of sillimanite and horn-
blende in the granofels. Crosscutting relations indicate that the Attean
Quartz Monzonite is younger than the diorite, and no evidence has
been found to suggest that the quartz monzonite was affected by the
earlier metamorphism. We infer that the diorite correlates with that
mapped recently by Boudette in the Chain Lakes quadrangle (4-C,
fig. 2), which intrudes rocks of Middle Ordovician or older age. Our
conclusion, on the basis of these relationships, is that the diorite, and
then the Attean Quartz Monzonite, were emplaced later than, or dur-
ing late stages of, the earlier metamorphism.

There is no evidence, however, that this earlier metamorphism had
a simple spacial relationship either to the diorite or to the Attean
Quartz Monzonite. Moreover, the intrusion of a pluton, such as the
Attean Quartz Monzonite, and an orogenic event producing regional
metamorphism are not necessarily a coupled process. The intrusion of
the Attean pluton is not, therefore, documentation of Taconic meta-
morphism in the Attean quadrangle.

The later retrograde metamorphism of the pre-Upper Silurian
rocks has obscured the character of the earlier metamorphism. Also,
whether structural deformation accompanied the earlier metamor-
phism in the granofels unit is unclear, for the record is obscured due to
lack of layering. Transverse relationships of well-layered pre-Upper
Silurian units with the younger rocks near the south end of the Moose
River synclinorium suggest that the deformation, at least for them,
was of major proportions (Albee, 1961). If our inference that the
granofels is correlative with these well-bedded pre-Upper Silurian
units is correct, then the deformation was probably comparable.

UPPER SILURIAN AND DEVONIAN ROCKS

The Devonian hornblende diorite and the Upper Silurian and
Lower Devonian sedimentary rocks have been affected by the regional
metamorphism associated with the Acadian orogeny. This metamor-
phism only reached chlorite grade in this area. The argillaceous and
arenaceous rocks contain muscovite and chlorite; they do not contain
biotite or other higher grade minerals, nor do they contain clay
minerals that might have been present in the original sediment. The
hornblende and plagioclase in the hornblende diorite have been partly
altered to mineral assemblages characteristic of chlorite-zone meta-
morphism.
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The contact-metamorphic aureole around the Hog Island Grano-
diorite is generally less than a mile wide. This contact metamorphism
was only of middle grade, as indicated by the assemblages cordierite-
biotite-chlorite-white mica-quartz in the argillaceous rock of the Seboo-
mook Formation and diopside-grossularite-quartz-feldspar-calcite in
the Upper Silurian conglomerate unit. Biotite in the Attean Quartz
Monzonite within the aureole was recrystallized. The actual grano-
diorite contact is knife sharp and contains no mineral zones. The
sharpness of the contact suggests that no exchange of material, with
the possible exception of water and other volatiles, occurred across it.

The contact metamorphism is inferred to have postdated the thermal
peak of the Middle Devonian regional metamorphism. No diaphtho-
resis of the minerals crystallized during contact metamorphism is
evident; therefore, we can only be certain that the contact aureole
was impressed upon the rocks surrounding the Hog Island pluton
either at the thermal peak of regional metamorphism, or later, and that
no opportunity was afforded the contact rocks to equilibrate thermally
with their outlying counterparts. Additional evidence to suggest late-
kinematic or postkinematic intrusion is summarized in the section
on radiometric ages.

RADIOMETRIC AGE DETERMINATIONS

Isotopic or lead-alpha age determinations have been made on meta-
morphic or igneous minerals from several units in the Attean, Long
Pond, and Spencer Lake quadrangles. Measurements have been made
on the following samples: (1) biotite and zircon from the Hog Island
Granodiorite (post-Oriskany) (2) muscovite and biotite from the
contact-metamorphic aureole of the granodiorite, (3) muscovite from
the Seboomook Formation (Lower Devonian), (4) biotite and zircon
from the Attean Quartz Monzonite (Ordovician ( ?) ), and (5) biotite
from the pre-Upper Silurian granofels unit.

The potassium-argon and rubidium-strontium age determinations
on rocks from the Attean quadrangle (Hurley and others, 1959; Faul
and others, 1963), are given in table 12. These include measurements
by two laboratories on different parts of samples from the Hog Island
Granodiorite and the Attean Quartz Monzonite, samples from the
Seboomook Formation, and samples from the contact-metamorphic
aureole around the Hog Island stock. All the samples, including those
of the pre-Upper Silurian rocks, gave potassium-argon ages close to
360 m.y. Ages of 353 and 825 m.y. have also been reported (Hurley and
others, 1958, p. 39) on biotite in two samples of the granofels unit
from the northern part of the Spencer Lake quadrangle.
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TaBLE 12.—Potassium-argon and rubidium-strontium age determinations from the
Attean and Long Pond quadrangles, Maine

[Samples with prefix B are biotites and those with prefix R are whole rocks analyzed at Massachusetts
Institute of Technology; those with prefix Me are biotites analyzed by the U.S. Geological Survey. Ages
are calculated on the basis of A .=.585X 1010 yr. -1; A\ (M.LI.T. sampleg) =5.30X10-10 yr, - for K4; A (USGS
samples) =4.72X10-10 yr .1 for K40; K#0=1.22X10-¢ g/gK; and Asg=1.39X10"11 yr. -1 for Rb®. Potassium
analyses were made with a Perkin-Elmer flame photometer using a lithium internal standard. Argon
analyses were made by isotope dilution techniques]

Potassium-argon determinations

Age
Sample  Field No. Location ! Rock unit K Air cor- (million
(percent) Arf0/K40  rection years)
(percent)
B-3609.... BB-2625a... EC-2.55, 2.75 Hog Island 5.49 0. 0231 16.0 36017
Granodiorite. 5.59 .0239 5.5  370%17
5. 56 . 0233 0 36215
549 e
28,88 .. 236410
Me-10. ... BA-215._....... Qoo A0 - 7o 0283 4.3 360+10
B-3593._.. BB-2526b... SE-1.17, 4.49 Afttean Quartz 3.74 . 0229 3.2 35615
Monzonite.

Me-9a.._.. BA-T66_____--.__ do. ... do._ oo 4.41 . 0299 18 36610
LI ' A Ao do o 4.01 . 0294 32 37310
R-8444_ ... __. $C-1.7, 3.9, Seboomook R Y
Long Pond Formation. 826 e

quad. —_
23.27 0238 1.8 4368%15
R-347. ... NE-2.2,20.___..._. A0e oo N T
4 R,
22.66 0244 12 437718
R3MS. ... C-1.5,2.6, Long - do.._..._.._._. Y
Pond quad. P R,
22.57 0224 12 435015
R-3883___ BA-1108___. Block, east Fossiliferous cor- 2. 84 o eieei.
shore of Wood  dierite hornfels 2086 el

Pond. of Seboomook — —
Formation. 22.85 .0243 0 436610

Rubidium-strontium
determinations

St Rb S8 Srs/Rb&
(ppm) (ppm) (ppm)

B-3609A.. BB-2625a, [EC-2.55,2.75 Hog Island Gran- 46.1 472 0.720 0. 00538 36028
BA-215 odiorite.

1 Explanation given in description of fieldwork.
2 Average.

3 Separate biotite concentrates.

4 Calculated from averaged data.

Age measurements by Lyons and others (1957, table 5), using the
lead-alpha method on zircons from granitic rocks in this area, gave
somewhat younger values. Two of these measurements (320 m.y.,
316 m.y.) were on the Katahdin Quartz Monzonite (Katahdin Gran-
ite of many authors), which is also post-Oriskany in age (Boucot,
1954). Three of the measurements (330, 302, and 322 m.y.) were made
on samples originally thought to be the Hog Island Granodiorite,
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but which are now known to be from an area within the Attean Quartz
Monzonite. New measurements on zircon from these rocks by the use
of an improved technique for the determination of lead (Rose and
Stern, 1960; Stern and Rose, 1961), are given in table 13. The samples
include one (table 13, BB-2526e) collected at the locality of the Lyons
sample, duplicates of those used for the potassium-argon and
rubidium-strontium ages, and several other samples of the Hog Island
Granodiorite and Attean Quartz Monzonite.

TaBLE 13.—Lead-alpha age determinations on zircon from the Attean Quartz Mon-
glolm'.te and Hog Island Granodiorite in the Attean and Long Pond quadrangles,
aine

[The lead-aI?ha ages were calculated from the equations ¢=C(Pb/a) and T'=t—15kt2, where ¢ is the calculated
age in millions of years; C'is a constant based upon the Th:U value; Pb is the lead content in parts per
million; « is the alpha counts per milligram per hour; 7 is the age in millions of years, corrected for the
decay of uranium and thorium; and k is a decay constant based on the Th:U ratio. Liead content was
determined by N. B. Sheffey, H.J. Rose, Jr., and T'. W. Stern; all values are averages of duplicate determi-
nations. Measured Th: U values were determined by X-ray fluorescence analysis; ¥. J. Flanagan, analyst]

Pb Th:U T
Field No. Location ! @ —_— k (million
(ppm) Measured Assumed years)

Hog Island Granodiorite

BB-25625a. ... EC-2.68,2.76 oo ... 595 86 .o 1.0 2485 1.56X10~  350+40
BB-2625b__. .. EC-2.92,2.67.... ......... 398 64 0.6 . .. 2545 1.71X10-4 39645
Attean Quartz Monzonite
BB-2526a..... SC-3.14,1.94_____________. 157 30 - 1.0 2485 1.56X10~# 45550
BB-2526b._. . SE-1.17,4.49_.___ 246 52 1.0 ... 2485 1.56X10~4  500::60
BB-2626c..... SE-0.84,442___ 222 42 LO ... 2486 1.56X10—¢ 46050
BB-2626d..... SE-0.45,4.77_ ... ... 306 50 ... . 1.0 2485 1.56X10-4 39545
BB-2626e. ... Long Pond, SW-3.57, 5.60. 284 52 1.0 o 2485 1.56X10~ 43650

1 Explanation given in description of fieldwork.

Comparison of the radiometric ages for the Seboomook Formation
and the Hog Island Granodiorite suggests that the regional meta-
morphism and the intrusion occurred nearly simultaneously or that
the biotite of the intrusive rock did not become a closed system until
the metamorphism waned. The coarseness and the systematic orienta-
tion of the muscovite and chlorite in the slate indicate that these
minerals are entirely of metamorphic origin. We are confident that
detrital and diagenetic potassium-bearing minerals do not remain in
sufficient quantity to affect the measurements of the age of the meta-
morphic minerals. Furthermore, because potassium feldspar was not
observed and plagioclase feldspar is not abundant, virtually all the
potassium in the slate can be assigned to the muscovite.

The alteration of the Attean Quartz Monzonite has been described in
an earlier section. Although primary biotite was probably present
in part of the rock, most of the biotite now present in the rock is
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pseudomorphic after hornblende. The fact that this biotite has the
same age as the regionally metamorphosed slate suggests that the
alteration of the Attean Quartz Monzonite was related to the post-
Early Devonian metamorphism. Similarly, although the granofels
unit contains relict sillimanite and garnet related to an earlier meta-
morphism, biotite from two samples of the granofels (Hurley and
others, 1958, p. 39) gave ages that indicate the biotite formed during
the post-Early Devonian metamorphism.

The radiometric ages suggest that the regional metamorphism and
the intrusion of the Hog Island Granodiorite occurred nearly simul-
taneously. In the Attean Quartz Monzonite, however, the biotite that
formed during the post-Early Devonian regional metamorphism has
been recrystallized in the contact aureole of the Hog Island stock
(see p. 66) ; this mineral transformation indicates that the intrusion
must have occurred after the peak of the regional metamorphism.

Potassium-argon and rubidium-strontium ages for the Attean
Quartz Monzonite do not reflect the age of its intrusion. Although not
definitive, the lead-alpha ages for the Attean Quartz Monzonite are
older than those for the Hog Island Granodiorite and the zircons
may therefore give the true age of intrusion. Taken at face value, the
radiometric ages for the Attean Quartz Monzonite indicate that it
is of Cambrian or Ordovician age and not of Precambrian age. These
ages support the tentative correlation of the Attean with the High-
landcroft Plutonic Series of northern New Hampshire (Billings,
1956, p. 46). Isotopic lead-alpha age measurements are necessary for
both the Highlandecroft and the Attean Quartz Monzonite to definitely
establish this correlation because of possible uncertainties inherent
inthe lead-alpha method.

From these age determinations it is concluded that the age of the
Hog Island Grandodiorite and the time of the latest metamorphism
is at least 360 m.y. Therefore, the Oriskany-age sedimentation took
place prior to this time. This conclusion agrees with the findings of
Fairbairn, Hurley, Pinson, and Cormier (1960) in Nova Scotia, where
sedimentary rocks of similar age have been intruded by granitic
rocks near Nictauw. Similar ages, ranging from 320 to 380 m.y.,
have been reported for the latest major metamorphic event all along
the Appalachians. Comparison with potassium-argon ages of 385-+15
m.y. for Oriskany-age bentonite beds in Gaspé (Smith and others,
1961) suggests that the regional metamorphism was of late Early or
Middle Devonian age, as has been established elsewhere in the North-
ern Appalachians on stratigraphic evidence.
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QUATERNARY GEOLOGY
SURFICIAL DEPOSITS

Much of the Attean quadrangle is covered by unconsolidated de-
posits that are products of continental glaciation, stream action, or
the filling of lakes or ponds. These deposits include four main types:
(1) unstratified deposits left by the ice as it passed over the area
(till), (2) stratified deposits laid down by melt water during the
wasting away of the ice (outwash sand and gravel, ice-channel fill-
ings), (3) alluvial deposits of material reworked by streams since
the disappearance of the ice (alluvium), and (4) deposits formed
by the filling of ponds or lakes (swamp deposits).

The distribution of these deposits and the distribution of known
bedrock outcrops are shown on the surficial geologic map (pl. 4).
No attempt was made to map these unconsolidated deposits in detail ;
areal distributions and contacts are based upon incidental observa-
tions made during the course of mapping the bedrock geology and
upon interpretation of the 1942 and 1958 aerial photographs. Neither
natural nor artificial exposures of the surficial deposits are common
in this area. For this reason, form was used more than lithology in
locating contacts between the map units.

About 80 percent of the surface of the Attean quadrangle is cov-
ered by a blanket of till ranging in thickness from a few inches to at
least several tens of feet. Till cover is thinnest on the crests and upper
slopes of ridges and thickest on the lower slopes and in the valleys.
The amount of till underlying areas of alluvium and of outwash sand
and gravel is not known.

The till is generally unstratified and unsorted; it is composed of
angular rock fragments which have an extreme range in size. Although
foreign fragments are common, most of the fragments in the till are
like the underlying bedrock. In the northern part of the area over-
lying the slate, the matrix of the till contains a high proportion of
smaller sized fragments; larger fragments are less abundant and
smaller than in other parts of the area and are predominantly angular
fragments of the underlying rock.

Till containing many very large boulders is abundant in the south-
eastern part of the area overlying the Attean Quartz Monzonite. The
areal extent of this bouldery ti'l is indicated on the surficial geologic
man. The large boulders in this till are Attean Quartz Monzonite,
and they are set in a sandy quartz-feldspar matrix. The area under-
lain by the bouldery till has a hummocky topography dominated by
ridges that seem to be composed largely of boulders. In these ridges,
boulders 15-25 feet in diameter are rather abundant ; some are as much
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as 60 feet in diameter. The islands in Attean Pond and the small ridges
east and south of Attean Pond are good examples of such ridges.

Extensive boulder fields in which large boulders of the Attean
Quartz Monzonite are piled against one another without much inter-
stitial material occur in many places within the area of bouldery till.
Most of these boulder concentrations were probably formed by removal
of the finer grained interstitial fragments from the bouldery till,
but some of them may have formed by frost wedging and breaking up
of ledges of extensively jointed quartz monzonite. Many of the boulder
fields occur around Attean Pond at altitudes just below 1,200 feet.
The present seasonal variation in the level of Attean Pond is about
10 feet, and the bouldery shoreline between the high- and low-water
levels is similar to the boulder fields. Many of the boulder fields
therefore probably represent ancient shore features of Attean Pond
when its level was somewhat higher than at the present time. The
present level of Attean Pond is maintained by a natural dam but-
tressed by boulders, and this dam was very likely higher in the past.
Other boulder fields may represent stream channels or merely rework-
ing of the bouldery till by melt water during the melting of the
glacier. A boulder field just south of the Attean quadrangle (Spencer
Lake quadrangle, NE-2.1, 5.5) seems to be on the extension of the
ice-channel deposits shown in the southeastern part of the surficial
geologic map (pl. 4).

Several areas of thick till have been distinguished on the map.
These are areas in which very few bedrock outerops were found, even
in gullies and stream channels. The thick till in the areas south of
Jackman, near the site of Stetson School, and south of Little Turner
Pond seem to be plastered on the northwestern (up-current) side of
bedrock ridges. The thick till between Little Big Wood Pond and
Wood Pond does not bear this relation to a bedrock ridge, but it does
possess a distinct form which is thought to represent a constructional
till form closely akin to drumlins. The north slopes of Sally Mountain,
the higher summit of Attean Mountain, and the mountain north of
No. 5 Mountain are smooth slopes which have far fewer outcrops than
the south slopes; these may also be constructional till features. The
knolls east and northeast of Boulder Pond (SE-0.5, 0.75) and the
large knoll northeast of Bog Pond (SE-1.5, 2.9) have many boulders
on their surfaces, but may also fall in the same category. Drilled water
wells along U.S. Route 201 between Moose River and Stetson School
are reported by land owners to have penetrated as much as 90 feet of
till before the bedrock surface was encountered. We regard this thick-
ness to be an average maximum.

Several areas of outwash sand and gravel are shown on the map.

438-197—72——7
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The largest of these, in the Moose River valley near Jackman, extends
northwest up the valley of the West Branch of Sandy Stream and
east for some distance along the Moose River valley into the Long
Pond quadrangle. Other areas of outwash deposits are near Holeb in
the Moose River valley, near the junction of the North Branch of
Wood Stream with Wood Stream, and in the upper valley of the East
Branch of Sandy Stream. Similar material occurs just outside of the
Attean quadrangle east of Coburn Pond (NE-3.5, 1.5). Most of these
deposits are in valleys and have been modified by modern streams and
partly covered by alluvium, but in such places the alluvium has not
been shown separately on the map.

The deposits are composed of sorted well-bedded to poorly bedded
sand and gravel containing some silt and clay. Those deposits in the
Moose River valley near Jackman and Holeb are better sorted and
stratified than those in other areas; crossbedding was seen in pits in
each of these areas,

The hummocky and pitted surface of most of these deposits suggests
that they accumulated in contact with wasting ice masses occupying
valley bottoms. Though the gross form of the sand and gravel deposits
in Sandy Stream below the junction of the East and West Branches
suggests that they were deposited in narrow strips between the valley
walls and residual bodies of wasting ice in the valley bottom, many of
the present details of form are due to erosion and reworking of the
deposits by the present stream. The planar surface of the deposits ex-
tending eastward from Jackman into the Long Pond quadrangle sug-
gests that they accumulated beyond any stagnant ice.

Several elongate ridges of rudely sorted and stratified sand and
gravel are shown on the surficial geologic map as ice-channel deposits.
These ridges are clearly visible on the aerial photographs, and pits
and cuts have been made in them at several places. These deposits are
believed to mark deposition in ice-walled or subglacial channels.

Many areas of alluvium are shown on the surficial geologic map.
These include the tree-covered parts of modern deltas and flood plains
of recent streams and rivers. The largest area of alluvium is along the
flood plain of the Moose River in the southern part of the quadrangle.
The alluvial deposits are not well exposed, but probably consist mainly
of sand, muck, and gravel.

Most of the alluvial deposits are in valley bottoms where the stream
has a flat gradient above a knickpoint or dam of some sort. Many of
these knickpoints are bedrock ledges or boulder piles; others are
beaver dams which have become consolidated by vegetation, or man-
made dams built mainly between 1910 and 1930 to store water for log
drives. Most beaver dams and man-made dams, however, were built on
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preexisting natural knickpoints. Upstream from many of these knick-
points, meander scars and natural levees mark former channels of the
stream. Such features are prominent on the flood plain of the Moose
River above Holeb Falls, a bedrock knickpoint, and above Spencer
Rips, a boulder-pile knickpoint. The aerial photographs show many
more meander scars and levees than does the topographic map. Nearly
all the streams have these same features on a smaller scale, and most
of the alluvium in the area is found above such knickpoints.

The greater thickness of till on the lower slopes of ridges is prob-
ably due to local reworking of till by melt water. The basal parts of
many of the alluvial deposits were probably formed at the same time
and might be classed as outwash valley train deposits, in many respects
similar to the outwash deposits along Sandy Stream.

Large alluvial deposits were formed as deltas at the inlets of Holeb
Pond and Little Big Wood Pond, and smaller deltas occur on other
lakes and ponds. These deltas, particularly the one in Holeb Pond,
may also be in part glacial outwash.

The swamp deposits are in areas covered by swamp vegetation and
are essentially devoid of trees. Such areas are clearly shown on the
aerial photographs, and a rather sharp line of demarcation separates
these areas from the tree-covered swampy areas (fig. 12). The areas
shown as swamp deposits are underlain mainly by peat and muck
and have a high water content; indeed, many of them are only un-
consolidated rafts of vegetation on the edges of ponds.

Most of the areas of swamp deposits are ponds and lakes that have
been filled or partly filled with muck, peat, clay, and sand. No. 5 Bog
in the southeastern part of the quadrangle is the largest of these de-
posits. Curvilinear growth lines around Bog Pond (fig. 12) express
the gradual encroachment of vegetation from the original shoreline.
Some smaller ponds, such as those just east of Barrett Pond in the
southwestern part of the surficial geologic map (pl. 4), have become
completely filled by vegetation growth.

Several areas of artificial fill are shown on the surficial geologic
map along the roadbed of the (‘anadian Pacific Railroad. Talus de-
posits have not been shown on the map, but small areas covered by
talus blocks oceur on many steep slopes below cliffs.

Materials from sand and gravel deposits are used locally for road
and railroad fill and to surface roads. Materials for the state-
maintained roads are derived mainly from the outwash deposits near
Jackman. Most of the more extensive pits are located just east of the
Attean quadrangle. A railroad siding has been built into the pits at
Holeb, and sand and gravel from the outwash deposits there are used
for railroad subgrade maintenance purposes.



F16URE 12.—Aerial photograph showing the vegetation contrast and surface appearance of an area underlain in part by bouldery
till and in part by swamp deposits that have almost filled in a small pond, Bog Pond (pl. 4, SE.).
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Most of the lumber roads in this area are temporary bulldozed
roads, which are filled and surfaced only where necessary to maintain
travel over them. In the bouldery till area little filling or surfacing
is needed and the roads remain serviceable for many years. In other
areas, especially those overlying the slate, the till is so fine that a
large amount of fill and a gravel surface is needed to maintain roads.
In such areas unsurfaced bulldozed roads become deeply rutted by
logging trucks and become unusable very quickly. Over such roads
much of the log hauling is done when the ground is frozen, and roads
which are to be used year round require surfacing. However, the till
and even some of the outwash deposits in the upper part of Sandy
Stream contain too much fine material to make satisfactory fill or
surface material in swampy areas. Better sorted coarser gravel from
the outwash deposits or from gravel bars in the stream alluvium has
been used in that area.

Almost no agriculture is practiced in the area. Nearly all the few
small farms and garden plots are on the outwash deposits near Jack-
man. Several rather large areas of cleared land along the highway
north of Jackman are no longer farmed.

PREGLACIAL TOPOGRAPHY AND EROSION BY ICE

Although the main topographic features of the Attean quadrangle
are presumably preglacial, they have been extensively modified by
glaciation. Both glacial erosion and derangement of drainage by
glacial deposits have been considerable.

Bedrock strongly influences the location of major topographic
features. The area underlain by the slates of the Seboomook Forma-
tion has subdued topography and lower altitude than the areas under-
lain by the Frontenac and most of the pre-Upper Silurian rocks.
In the areas underlain by the Seboomook and the Frontenac Forma-
tions, the major ridge pattern is determined by the dendritic pattern
of the streams; each ridge, however, consists of a series of narrow
crossridges (poorly expressed on the topographic map) parallel to
cleavage and bedding. Crossridges formed by the diorites and sand-
stone beds in the Frontenac Formation show clearly on the aerial
photographs. The preservation of these crossridges, which are ori-
ented nearly normal to the direction of ice flow, suggests either that
glacial erosion did not cut very deeply in that area or that contrasting
erodibility of the interlayered rocks of the Frontenac favored dif-
ferential glacial erosion, which etched the ridges into relief.

The low areas over the Attean Quartz Monzonite and Hog Island
Granodiorite typify a common relationship in Maine where many
granitic masses underlie lowlands, which are surrounded by a highland
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ring formed by the contact-metamorphosed aureole. Many such low-
lands, as in this area, contain lakes formed by damming of outlets by
glacial deposits or deepening of the basins by glacial erosion ; however,
the lowland itself probably existed before glaciation.

Many lakes and ponds are bounded by bedrock outcrops that bear
glacial striae parallel to the long axis or straight shoreline of the lake,
which suggests that these lakes were formed in part by glacial excava-
tion of rock basins; the best examples are the west arm of Attean Pond
and the southwest side of Wood Pond, but Holeb Pond, Mud Pond,
Long Pond (Forsyth township), Crocker Pond, Benjamin Pond, and
Horseshoe Pond also have these features. Figure 4a shows the lakes
and cliffs formed by glacial quarrying of well-jointed quartz monzonite
in the vicinity of Benjamin Pond.

Most of the smaller streams have been deranged only slightly by
glacial deposits, but the valley of Sandy Stream was well filled with
outwash deposits, and outwash deposits are common in the Moose
River valley. The generally smooth profile of Moose River suggests
that features such as Holeb Falls did not exist in preglacial time, but
no valley near Holeb Falls seems to be blocked with glacial deposits.
The preglacial Moose River may have flowed from Holeb Pond into
Attean Pond in a channel, now covered by glacial deposits, just south
of the railroad tracks, but positive evidence for this route has not been
found. The present levels of Attean Pond, Wood Pond, and Little
Big Wood Pond are determined by till dams across their outlets.

DIRECTION OF ICE FLOW

Glacial striae and grooves in the Attean quadrangle trend generally
east-southeast to southeast. Deviations in trend seem to have resulted
from the local influence of topography on ice flow.

Flint (1951, p. 26-29; 1953, pl. 2) summarized some of the available
data and suggested that a local ice cap or center of glacial outflow
existed over this area both before and after the main ice sheet covered
it. His argument is dependent upon evidence of northward ice flow
in places north of the hypothetical ice cap, but nearly all recent workers
in the Eastern Townships of Quebec have rejected the idea of north-
ward ice flow (MacKay, 1921 ; McGerrigle, 1935 ; MacLean, in Dresser
and Denis, 1944, p. 504-508 ; Béland, 1957, p. 29).

In the Attean quadrangle there is no evidence of northward or
northeastward ice flow. A conspicuous boulder fan containing granodi-
orite and hornfels extends southeast from the Hog Island Granodio-
rite and clearly indicates the direction of the ice flow. Much glacial
quarrying occurred in the area between Benjamin Pond and I{oleb
Pond, and many quarried blocks were carried away and dropped to
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form the bouldery till in the area south of Attean Pond. Erratics of
the pre-Upper Silurian rocks are not found north of their outerop
area. Erratics of the fossiliferous rocks of the Moose River synclinor-
ium, south and east of the Attean quadrangle. were found far to the
south (Perkins, 1934, p. 32), but none were seen in this area. A south-
east-trending indicator fan, which crosses the drainage divide betiveen
the St. Lawrence and Kennebee Rivers, is composed of boulders from
the granitic bodies near St. Sebastien de Beauce and the south end of
Lake St. Francis, Quebec. Erratics derived from the Canadian Shield
and erratics probably derived from sedimentary units near the St.
Lawrence River have also been found in the area.

No typical cirque forms have heen found in the Attean or nearby
quadrangles, though suggestions of such forms can be seen on the
Chain Lakes and Spencer Lake quadrangle maps. Local glaciers prob-
ably existed in the higher valleys during the advance and recession
of the major ice sheet, but it is not known whether these ever coalesced
into a major center of glacial outflow.

GEOLOGIC INTERPRETATION OF THE AEROMAGNETIC MAP

By Jourx W. ALLINGHAM and ArdEN L. ALBEE

An aeromagnetic survey of the Attean quadrangle proved a valu-
able supplement to the geologic mapping. Strong magnetic contrast
between some geologic units produces the striking correlation between
the aeromagnetic map (Bromery and Gilbert, 1962) and the bedrock
geologic map (pl. 1). The aeromagnetic patterns outline large bodies
of diorite, the Hog Island stock, large inclusions at the west border
of the Attean Quartz Monzonite. and the area underlain by the
granofels unit. Magnetic profiles along the flight lines were available
during the third season of fieldwork. The acromagnetic contour map,
completed after the close of the geologic mapping, indicated several
revisions in the geologic mapping. and several weeks were spent
verifying these revisions. The locations of the buried contacts of the
Hog Island stock and of the intrusive diorite in the southwest corner
of the quadrangle were inferred in part from the aeromagnetic
information.

The Attean quadrangle was aeromagnetically surveved in 1957
by the T.S. Geological Survey (Bromery and Gilbert, 1962) using a
continuously recording fluxgate magnetometer installed in a twin-
engine aireraft. The flight lines were spaced a quarter of a mile apart
at about 500 feet above the ground. Magnetic information in the
northwest part of the quadrangle is from the aeromagnetic map of
the Armstrong area. Quebee (Canada Geol. Survey, 1953).
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Measured magnetic susceptibilities and densities of rock samples
from rock units in the Attean quadrangle are summarized in table 14.
The susceptibility depends mainly on the amount of magnetite in
the rock, but slightly magnetic minerals such as ilmenite and pyrrho-
tite also contribute to the magnetic susceptibility. In most samples
the measured intensity of remanent magnetism was negligible or its
mean direction was random. Several samples of pre-Upper Silurian
granofels and diorite, however, had a high-intensity remanent mag-
netism directed opposite to that of the present magnetic field of the
earth,

TABLE 14.—Magnetic susceptibilities and densities of rock units in the
Attean quadrangle, Maine

Susceptibility = Number Density Number
Rock unit (kX10-3 cgs)  of samples (g/cms) of samples

Pre-Upper Silurian granofels______ 0.2 -1.6 4 2.76-2. 85
Pre-Upper Silurian diorite_ _______ .07 -9.5 7 2. 97 1
Attean Quartz Monzonite_________ 0 0. 85 15 2.64-2.71 8
Frontenac Formation (argillaceous

sandstone)____________________ 0 1 e
Devonian hornblende diorite______ .003- . 14 8 2.70-3.10 8
Hog Island Granodiorite..________ .99- 1.0 2 2. 69 1
Cordierite hornfels (Seboomook

Formation) ___________________ . 002~ .03 3 2.79-2.81 2
Calc-silicate hornfels (conglomerate

unit_ _ _ o _____ .2 1 2. 69 1
Attean Quartz Monzonite in con-

tact zone of Hog Island Grano-

diorite__ . ____________________ .4 1 R -

The measured susceptibilities of the rock units relative to one
another correspond to what would be inferred from the aeromag-
netic pattern. The pre-Upper Silurian rocks are generally more mag-
netic and denser than the Silurian and Devonian rocks; moreover, the
pre-Upper Silurian rocks have a greater range in properties, and this
range produces a more complex magnetic pattern. Thin sections of both
the granofels and the diorite contain as much as 7 percent opaque min-
erals. In some samples these opaque minerals are closely associated
with sphene, leucoxene, and rutile, suggesting that the opaque phase 1s
ilmenite or titaniferous magnetite, but in others the mineral is clearly
magnetite. A large positive anomaly is associated with the diorite in
the southwest corner of the quadrangle. Although the measured sam-
ples from this mass have low magnetic susceptibilities and contain
ilmenite, it must be inferred from the high amplitude of the anomaly
that most of the diorite contains magnetite. Samples of the Attean
Quartz Monzonite have a narrow range of susceptibilities, which are
generally lower than those for the granofels and diorite.

Within the Upper Silurian and Devonian rocks, only the Devon-
ian hornblende diorite, the Hog Island Granodiorite, and some rocks
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of the associated contact-metamorphic aureole have significantly high
susceptibilities. However, measured susceptibilities on the Devonian
hornblende diorite are much too low in comparison with susceptibili-
ties computed from the corresponding anomalies.

The Attean quadrangle can be divided roughly into two parts on the
basis of aeromagnetic data: a northern part, predominantly under-
lain by Upper Silurian and Lower Devonian sedimentary rocks
of negligible susceptibility; and a southern part, mainly underlain
by pre-Upper Silurian intrusive and metasedimentary rocks of vari-
able susceptibility. In the northern part the pattern merely reflects
the regional magnetic gradient that increases about six gammas per
mile northward. Small low-amplitude anomalies, which can be seen
on the measured profiles (pl. 1) and which are associated with horn-
blende diorite sills and dikes, are superimposed on the regional mag-
netic gradient over the Frontenac Formation. In a general way, these
low-amplitude anomalies distinguish the area underlain by the Fronte-
nac from that underlain by the Seboomook.

A sharp positive anomaly of about 420 gammas is associated with
the mass of Devonian hornblende diorite near Slidedown Mountain
(NC-1.5, 4.3). The aeromagnetic pattern can be approximated by a
model consisting of an infinite vertical cylinder, 3,000 feet in diameter,
having a susceptibility contrast of 6.1X10-? egs (pl. 1, profile 0-C").
Although susceptibilities of eight samples of the hornblende diorite
were measured, including two from this mass, the maximum measured
value was only 0.14 X 10-% cgs. Moreover, the symmetry of the magnetic
field demands a cylindrical body, whereas the hornblende diorite crops
out in sills and dikes. Therefore, the magnetic anomaly probably is not
directly related to the exposed hornblende diorite, but is related to a
plug-shaped subsurface body of high susceptibility, which could have
been the source of the many dikes and sills of hornblende diorite.

Aeromagnetic data in the Canadian part of the Attean quadrangle
(Canada Geol. Survey, 1953) indicate a connection between the
anomaly at Slidedown Mountain and the south-trending elongate 60-
to 100-gamma positive anomaly at the west side of the quadrangle.
This anomaly extends through the area underlain by the Frontenac
and Seboomook Formations and into areas underlain by the granofels
unit and Attean Quartz Monzonite. Because its trend is nearly parallel
to the original flight lines, this anomaly was confirmed by flights
across its trend. The profile of the anomaly seems to infer that a dike-
Iike magnetic unit having a width of about 1,000 feet might crop out
at the surface; however, no rock unit corresponding to this anomaly
could be located, though almost continuons outcrop exists across the
anomalous area in several places. (See pl. 4.) For example, a traverse
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across a point where the anomaly is well formed (WC-1.3, 4.2) en-
countered nearly continuous exposure except for a $00-foot gap in the
saddle between the two knobs shown on the topographic map. At sev-
eral other points along the anomaly, outerops rule out the existence of
an exposed dike nearly 1,000 feet wide. Three traverses with a Hotch-
kiss Superdip were made across the anomaly northwest of Little
Turner Pond. One traverse, made with stations at 200-foot intervals,
detected no anomaly ; another, with stations at 150-foot intervals, lo-
cated a 30-gamma positive anomaly less than 300 feet wide. A traverse
across the saddle mentioned above, with stations 60 feet apart, detected
a 40-gamma positive anomaly less than 340 feet wide. No outcrop of
the magnetic rock unit could be found. The anomaly is apparently
caused by a narrow magnetic body, probably a mafic dike, which does
not crop out at the surface. The feeders for Devonian hornblende
diorite bodies intruding the Frontenac Formation were possibly simi-
lar to this postulated dike. Moreover, this anomaly seems to be con-
tinuous with the one at Slidedown Mountain for which we must also
assume a subsurface magnetic unit of larger magnetic contrast than
the exposed hornblende diorite.

More complex aeromagnetic patterns are associated with the pre-
Upper Silurian intrusive and metasedimentary rocks in the southern
half of the Attean quadrangle. The complex pattern in the area under-
lain by the granofels unit is due partly to differences in susceptibility
of the granofels, partly to irregular distribution of diorite of higher
susceptibility within the unit, and possibly partly to locally reversed
remanent magnetism. A very steep magnetic gradient is associated
with the diorite in the southwestern part of the quadrangle (pl. 1,
profile 4-4"). The granofels unit crops out along the crest of a ridge
(SW-3.5, 1.0) within this anomalous area, and this granofels is in-
ferred to cap a southward extension of the diorite. The contact on the
bedrock geologic map (pl. 1), in an area of thick till, has been drawn
to conform to this interpretation. Northward, near the west end of
Holeb Pond, another magnetic high is observed over an area of thick
till. (See pl. 4.) Diorite crops out at the south end and west side of this
area and near the north end in a railroad cut. The contacts of two
diorite masses are drawn on the geologic map to conform to the mag-
netic pattern, but it is not clear whether there are actually two intru-
sive masses of diorite or a single irregular mass.

The magnetic anomalies in the west-central part of the qumdl angle
(WC-2.0, 3.0) correspond to a small group of diorite outerops in the
center of a large area of thick till. A sample from these outer ops gave
the hwhest measured susceptibility. The magnetic high to the south-
east (WC-3.5,2.0) is over an area concealed by alluvium, but it is just
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south of an area containing abundant irregular masses of diorite
within the granofels unit. Diorite is abundant in an area associated
with a small anomaly in the central part of the quadrangle (C-1.3,
2.8), but no individual mass corresponding to the anomaly was
mapped. An attempt was made to locate the rock that causes a sharp
anomaly in the southwest (SW-1.0, 1.2), but no outerop was found in
the area.

The magnetic pattern over the Attean Quartz Monzonite is gen-
erally uniform and has lower values than that over the granofels unit.
Anomalies of medium amplitude are associated with the roof pendant
of granofels, and several small anomalies may be caused by inclusions.
The cause of the anomaly extending eastward from the northern end
of the roof pendant (C-2.0,0.2) is not clear: good exposures of Attean
Quartz Monzonite in this area do not contain inclusions. The small
body of Attean Quartz Monzonite on the west border of the quad-
rangle (SW-0.0, 3.0) was first recognized and located by means of
the magnetic low in that area.

The circular magnetic anomaly associated with the Hog Island
Granodiorite near Jackman has a magnetic low at its center (pl. 1,
profile )-D’) ; the anomaly is roughly doughnut shaped. The areal
relationships of the anomaly and the surface geology indicate that the
high rim is associated with the stock and not with the surrounding
rim of contact-metamorphosed rocks. This relation is corroborated
by the low susceptibilities of samples of the contact-metamorphosed
rocks. However, the lobe on the west side of the anomaly corresponds
to the surface pattern of the Upper Silurian conglomerate unit and
indicates that the conglometrate has an appreciably high susceptibility.
The magnetic low within the main anomaly is centered over the
stock and suggests a zoning in the amount of magnetite within the
stock. The low could also be produced by a roof pendant or by abun-
dant inclusions of the cordierite hornfels, which has a low suscep-
tibility (Allingham, 1961). Neither hypothesis could be checked, how-
ever, because the center of the stork isnot exposed.

Aeromagnetic maps for the adjacent Sandy Bay and Skinner
quadrangles (Bromery and Gilbert, 1962) were not available in time
to permit geologic field checking. Limited reconnaissance and com-
parison with the Attean quadrangle, however, suggest explanations
for most of the magnetic patterns. The Sandy Bay quadrangle is
completely underlain by Devonian rocks and contains no hornblende
diorite intrusive bodies large enough to produce an anomaly. Upper
Silurian and Devonian rocks underlic only the northernmost part of
the Skinner quadrangle; the contact between these and the older rocks
extends west-southwest across the quadrangle. As in the Attean
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quadrangle, the magnetic pattern merely reflects the low regional
magnetic gradient. The sharp high-amplitude anomaly on the Cana-
dian border (in the Skinner quadrangle) is related to a large mass
of Devonian hornblende diorite. The magnetic pattern overlying the
pre-Upper Silurian rocks in the Skinner quadrangle is less irregular
than that in the Attean quadrangle. The granofels unit occurs in sev-
eral areas of sharp high-amplitude anomalies (Skinner quadrangle,
eastern edge, southwest corner on Canadian border, and SC-0.2, 4.4),
and Attean Quartz Monzonite occurs in several magnetically low
areas (Skinner quadrangle, SC-3.9, 1.9; SE-2.7, 4.7; SE-4.1, 3.2).
Thus the pattern suggests that the magnetically low areas, which
correspond rather well to the topographically low areas, are under-
lain by Attean Quartz Monzonite and that the magnetically high
areas are underlain by granofels. No large bodies of diorite occur
within the pre-Upper Silurian rocks in the Skinner quadrangle.

Narrow elongate magnetic lows within otherwise highly magnetic
rock are interpreted to be associated with movement or displacement
of this rock along zones of shearing or faulting. This interpretation
assumes that magnetic minerals in these zones of crushed rock alter
to nonmagnetic mineral assemblages and thereby cause narrow non-
magnetic zones (magnetic lows) within magnetic rock (magnetic
high). Alinements of nonmagnetic rock give rise to magnetic-low
lineaments, which are restricted mainly to magnetic rocks of the
granofels unit and Attean Quartz Monzonite. The lineaments trend
northeast and northwest; northeast trends are the most conspicuous
and abundant. South of Little Big Wood Pond, a magnetic-low line-
ament parallels the contact between the Seboomook and Frontenac
Formations to the northwest and also parallels the dominant northeast-
trending fracture pattern throughout this area. This major feature
truncates several other lineaments and is thus suggestive of a large
scale late-tectonic element which exerts a fundamental control on
the geology. This feature may be a fault which has prevented satis-
factory correlation between the conglomerate unit and the Silurian
and Devonian rocks north of Little Big Wood Pond. If this is true,
the contact between the Seboomook and Frontenac Formation is
possibly a similar feature by the analogy of parallelism.
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