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ABSTRACT
,In northeastern Aroostook County, Haine, 10,500 feet

of strata 'representing almost the entire Silurian has been
established and there are indications that the entire
system is p~esent. The Silurian stratigraphy is revised
an'd three new formations are proposed. The Aroostook
River Formation, a flysch sequence composed of slate inter-
layered with gra~vacke turbidites, and the' upper Carys 1'li11s
Formation, compos~d largely of thinly interbedded limestone
and s la te, make up the lO'der Llandoveri an. The middle
Llandoverian-Early Wenlockian rocks are divided into three
formations: the Frenchville Formatfon,' a \'lestern sandstone
and conglomerate sequence; the New, Sweden Formation, a
medial slate and manganiferous ironstone unit~ and the
Spragueville Fo~mation, an eastern ti1inly layered calcare-
ous mudstone-siltv limestone succession. Based on sand-
stone, composition'~ and the abundunce of conglomerate and
'slate,the Frenchville Formation has been subdivided into
the t~aywacke, ,conglomerate, feldspathic sandstone,
sandstone-slate, and quartzose sandstone members. The
Jemtland Formation and at least the lot'lerl.)ortionof the
overlying Fogelin Hill Formation , together"'Hi th an unnamed
sandstone~,slate ,sequence. in the Ashland' area, make up the
tipper "lenlockian-lo't~lerLudlovian. Both the Jemtland and
Fogelin Hill formations are thinly interbedded flysch se-
quences, with the former containing a proxim~l (western)
gra~...,ackefacies and a distal (eastern) ,slate facies, and
the latter composed of red and green slate interlayercd
with fine graywacke. ,

The \'linterville, Nada\'1aska Lake, and lO\ver Carvs Mills
formation's f together' \'1ith tl1e Pyle ~ountain Argilli.te I com-
prise the pre.c..Silurian(Ordovician) of the area. The

,l'linterville Formation, composed of volcanic rocks and inter-
'layered slate, graywacke, and chert, interfingers eastward
\'liththe slate and graY\\1acke of the Hadavlaska Lake Formation,
\'1hich,in turn,. grades' eastvlard into the lO\'lerCarys t-lills
Formation. The Pyle Mountain Argillite, of Ashgillian age,
is only locally present, overlying the l"1interville Formation
in the Castle Hill Anticline.
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The Silurian stratigraphy records the history of a
basin marginal to emergent areas that ~"ere uplifted during
tile Taconic orogeny. The Taco~ic movements began .in the
earliest Llandoverian as evidenced by the influx of turbi-
dity-current deposits in tile Aroostook River Formation.
During the period of maximum uplift and closest proximity
of the emergent terrains to the study area, the conglomer-
ates and lithid sandstones of the Frenchville Formation
were deposited along ths margin of th~ basin:at, or near,
the bas'e of.a slope, \\1hiIe the fi'ner grained and more cal-
careous Iithofacies of the NevI S'''edenand Spraguevi.lle
formations were being deposited farther out'in the basin.
Subsidence of the basin, along witlladvance of the sea
onto the land areas, took place d~ring the deposition of
the Frenchville Formation and its lateral equivalents. The
Jemtland Formation conformably overlies the three Late
Llandoverian-Early Wenlockian formations, and represents
depositi'on in a more offshore environment ,in vlhieh turbi-
dity currents played a prominent role. In the Stockholm
Mountain Syncline~ tile Jemtland is overlain conformably
by the Fogelin Hill Formation, a more distal turbidite
lithofacies that may have persisted into the Early
Devonian; .elsewhere, the Jemtland Formation., or its equiv-
alent, is overlain disconformablyby Early Devonian sedi-
mentary and volcanic rocks.

A provenance study of sandstones and conglomerates
from the Silurian uni ts shows that they \-lere c1erlv8d from
Ordovician rocks of the region, principally from portions
of the \vinterville and Hadawaska Lake formations. Quartz
'diorite.\vas a primary source for Iitllic graY"vackes in the
feldspathic sandstone and quartzose sandstone members, and
a secondary source for.'conglomerates locally in the con-
glomerate, member of the Frenchville Formation. It is

..c.onc'ludEid'that.the iron 'and ,manganese 'of the lenticular
irbnstone bodies of the New Sweden Formation were derived
from the weathering of volcanic rocks of the WinterVille
Fornlation.

The sedimentation of each Silurian lithofacies 'is'
discussed \'lith special emphasis on the Frenchville and
Jemtland forQations. It is shrn1n that all lithofacies
developed offshore,: .and it is suggested th'at mass trans-
port of sedi~~nt in tile form of slumps, grain flm1s, and
turbidity currents was important. Lithofacies distribu-
tions, provenance variations, and paleocurrent data docu-
ment. ,the persistence of \'lesternand southvlestern sources
at least through the deposition of.the Jemtland Formation.
The abundant paleontologic data (119 fossil localities)
allow not only precise' correlations, but permit~ estimates
of minimum rates of sedimentation for the Frenchville
(15-30 cm/I03 yrs) and Jemtland (12-15 cm/I03 yrs) forma-
tions. Brachiopod communities present in the Frenchville,
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New Sweden, and Spragueville formations lead to the con-
clusion that these units were deposited i~ water which
was at least hundreds of feet deep.
Thesis Supervisor: Robert R. Shrock
Title: Professor of Geology
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We come now to the geological part. This is
the one where the evide~ce is not all in, yet.
It is coming in, hourly, daily, coming in all
the time," but naturally it comes with geological
carefulness and d~liberationr and we must not
be impatient, we must not get excited, we must
be calm, and wait. To lose our tranquillity will
not hurry geology; no~~ing hurries geology.

Hark.Twain
Letters from the Earth

INTRODUCTION

Numerous recent studies have shown that northern
1.1aine offers a..: unique opportunity to study the develop-
ment.of the axial region of the northern Appalachian
geosyncline. The moderatedeformationr low metamorphic
grade, numerous fossil locali ~ies I and \~ell-preserved
sedimentary features permit ti1e age and paleoenvironments
of rock units to be determined in detail uncommon in the
New England portion of the mountain belt. The importance
of the area is enhanced because of the presence of major
eugeosynclinal lithofacies tilat'may be traced along the
mountain belt into tilewell-studied complexly deformed
and metamorphosed terrain of southern New England. The
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impapt - of .studies in northern t1ainc on our unders tanding
of tilehistory of the-northern Appalach~ans is clearly
evident in tile recent "BillinCJs voluIne" (Zen, et al.,
1968) .

In the development of the New England portion of
the Appalachian geosyncline, the Silurian was a period
of significant change in the paleogeography of its
eugeosynclinal portion. In many places, regionally
extensive lithofacies of the Ordovician gave way to more
var.ial:?lelithofacies containing detritus llcannibalizec11t
from newly emerged nearby land areas. Over much of
southern New England, however, the limIts of the Silurian
basins and their internal stratigraphic variations have
been largely obscured by metamorphism and deformation.
In the metamorphic areas stratigraphic correlations
must be based largely on ~ithologic similarities, com-
monly including inferenc~s concerning the o~igina1
character of the rocks; these correlations are enhanced
only locally by fOGsil localities. Definitely established
Silurian rocks in southern New England form ~ithofacies
that may be correlated, in a general 'f.tlay, \'ri th Iithofacies
of similar age in northern Maine (Boucot and Thoropson,
1963; Naylor and Boucot, 1965; Boucot, 1968; Ayrton, 1969).
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Figure 1: A generalized geologic ~ap of a portion of
northeastern Aroostook County,Maine. Principal tectonic
features are shown, and the area of this study is outlined.
The Sprag~eville Formation forms the synclinal infold of
Silurian rocks in the Fort Fairfield area. Only the
Late Silurian (Ludlovian-Predolian)" is present in the
Fish River-Big Machias Lakes area.

18



z
o
~
Z
<t
-'Q.
X
UJ

I&J
Z
o
I-
(f)
o
Z
el
(f)

zo
I-
I&J

~
el
2

o
I&J
I-
el
i=
z
I&J
a:
I&J
lL.
lL.
isz
:;:)

Z
<l:a:
3
en
a:::
o
"'-o
Z
<l:

zo
i=
el
2:
a:o
lL.
a:
I&J
>«
:ol:oo
I-
(f)

oo
a:
el

z
o
i=
el
2:
a:o
lL.

(f)
oJ
oJ

i

19

o

z
<
I-
Z
:;:)

o
2:

>-o
a:
o
o



In northeastern Aroostook County, a stratigraphi.c record
of almost the entire Silurian has been documente~"and
there is evidence that the complete system is represented.
A study of this Silurian in the area shown in Figure 1 was
undertaken to determine the lithology, extent, and sedi-
mentology of the. lithofacies that comprise the system and
to relate these lithofacies to a changing paleogeography.
The results of the study provide a detailed account of the
history of Silurian sedimentation. in a ~arge area of the
geosynclinal interior, vlhi.ch.may ultimately serve as 'a
mo'del for unraveling similar, though metamorphosed Iitho-
facies, in structurally more difficult terrains.

PREVIOUS AND CONCURRENT NORK

Geologic investigations in northeastern Aroostook
.county have been stimulated largely by"t,.J'oimportant
aspects of the area: the fossiliferous nature of
many of "the exposures "and the presence. of. sedimentary
banded ironstones with manganese enrichment. During the
"nineteenth century, the area was ~isited only briefly. In
1836 the. state legislature authorized a tlu;ee-year topo-

. "graphic" and scientific survey of portions of northern Maine
:.wi th Charles T. Jackson in charge. Outcrops along streams I

rivers, and main roads were briefly described, and a
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preliminary study ~f the ironstones of Wade Township
was made (Jackson, 1838). In 1861, the state initiated
a second scientific survey in which the geologic investi-
gations were made principally by Charles H. Hitchcock.
Hitchcock (1861, 1863) summarized the geological work
of that survey as well as work by the Canadian Survey
in northern Maine.

During 1897 and 1898, Henry S. Williams and
Herbert E. Gregory of Yale University, under the auspic~s
of the U. S. Geological Survey, conducted a study
1I ••• for the purpose of ascertaining the facts regarding

.the local modification of the Devonian and Silurian
faunas in the eastern province of North America."
Williams described the f~una and Gregory studied the

.rocks in Aroostook and Somerset counties; their reports
(Gregory, 1899; Williams and Gregory, 1900; Williams,

'1915) constitute the first systematic presentations
of the geology of northeastern Maine.

In 1928 W. H. Twenhofel visited.the area shown in
Figure 1 and visited many of the localities studied by
Williams and ~regory (Twenhofe1, 1941). ~~enhofel re-
ordered the succession of rock units as established by
Williams and Gregory and assigned different ages to some
of the units.
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During ~~orld~.:~r II, the strc.tegic importance of
iron and manganese prompted both the f'ederal and state
surveys to make systematic studies of -the manganiferous
ironstones- in northern Maine. In 1941 and 1942 Walter s.
White and Preston E. Cloud, Jr. for the Federal Survey
nlidPaul F. Eckstrom for the state Survey examined in-
some detail the several prospects in the area of Figure 1
as well as farther south in the vicinity of Houlton,
Maine. They also mapped the terrain around these pros-
pects, modifying and expanding the previously established
stratigraphic framework. In the course of the work!Cloud
-described and collected from many new, as well as pre-
viously known, fossil localities. ~lliite(1943) reported
the results, incorporati~g information from the Manganese

-Ore Companylwhich had drilled two of the prospects.
A continuation of the above study was made by

Ralph L. Miller during the summer of 1943 and a few
weeks in 1944 (Miller, 1947). Miller used the regional
stratigraphy established by White (1943) but presented a
somewhat more extensive account- of the local- stratigraphy,
mineralogy, and geochemistry of the various deposits.

The development of the modern stratigraphic frame-
work in the region of the present study began with
investigations, during the period 1959 to 1962, in the
Presque Isle quadrangle by students under the supervision
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of Arthur J. Boucot, then of MIT, and Louis Pavlides of
the U. S. Geological Survey (Boucot, et aI, 1964a).
Reconnaissance mapping in the Ashland quadrangle by
Richard S. Naylor (Naylor, unpublished data) and in the
Caribou and Stockholm quad~angles by Douglas smith
(Smith, unpublished data) in 1962 provided support for
many of the stratigraphic interp~etations made by
Boucot, et ale and confirmed that 'the units could be
mapped over a large area.

In the summer of 1962, a mapping program was begun
by Ely Mencher and his students. The work of this
project was concentrated for the most part in the
western half of the area shown in Figure 1. The writer
joined this program in 1963 and did reconnaissance mapping
in the Greenlaw, Winterville, and Ashland quadrangles.
The study described here was begun in 1964,with 17 months
of field work done during the summers of 1964-1966 and
1969. Concurrently, Mencher, the writer, and a succession
of undergraduate and graduate students from MIT did
reconnaissance "and locally detailed mapping over much
of the region and the present study area. Hamilton-Smith
(1969) and Horodyski (1968), both working on the MIT
project, studied the Siegas, New Brunswick and Fish River-
Big Machias Lakes areas, respectively (Figure 1).
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Many of'the fossil localities in the study area have
been the sUbjects of, or included in, several important
paleontologic papers (Williams and Gregory, 1900; Clarke,
1908, 1909; Williams, 1915; Ruedemann and Smith, 1935;
Ruedemann, 1947; Berry, 1960a; Pavlides, et al., 1961;
Neuman, 1963; Ber~-, 1964; Boucot, et al., 1964a; Schopf,
1964; Pavlides, and Berry, 1966; Schopf, et a1., 1966;
Pavlides, 1968; Neuman, 1968). In the past, Olaf Nylander,
and currently William Forbes, local naturalists, have
made important contributions to our understanding of the
paleontology of the area. Nylander found, and collected

.from,.many of the locali ties later studied by tvilliams ,
Clarke, and Twenhofel; his descriptions of many of the
collections were privately published and are not general-

.ly available. Forbes has been similarly ac~ive in
helping more recent workers, including the auti10r,.and
in conducting studies of his own.

Several unpublished MIT Bachelor's theses on portions
of the area shown in Figure 1 have been produced by
students working under Ely Mencher (Coskren and Lluria,
1963; Friedberg and Peterson, 1964; Hayes and Nalbandian,
1963;'Laux and Warner, 1966; and Parr and Zidle, 1963).
Boone (1959), in connection with his study of the
Deboullie Stock, mapped Ordovician, Silurian, and
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Devonian rocks along the northwest flank of the Pennington
Mountain Anticlinorium between St. Froid Lake and Fish
Rive~ Lake.

Pavlides (1962) discusses aspects of the manganifer-
ous ironstone deposits of the study area in connection
with his detailed study of the Maple Mountain and Hovey
Mountain prospects further south. Pavlides, et ale (1964)
discuss the principal stratigraphic and tectonic features
of northeastern Maine, and Pavlides (1968), in a regional
synthesis on the Carys Mills Formation and its strati-
graphic relationships, reviews and updates the strati-
graphy of the Presque Isle quadrangle. Several recent
regional syntheses present aspects of the geology of the
area (Naylor and Boucot, 1965; Ayrton, et al., 1969;
several papers in Zen, et al., 1968). Boucot, et ale
(1964b) presented a brief geologic summary accompanying
a geologic and aeromagnetic map of northern Naine which
includes most of the area shown in Figure L. Early map
data of the MIT group was included in the recently
published geologic map of Maine (Doyle, 1967).

STRATIGRAPHIC. NONENCLATURE.:
Development of the stratigraphic framework and

nomenclature of the study area is depicted graphically in
Figure 2. The "tie-lines" indicate the changes in
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Figure 2: The development.of stratigraphic relation-
ships and nomenclature in northeastern Aroostook County
Maine. Tie-lines indicate correlations of approximately
equivalent rock units. In this work, the Perham Forma-
tion of Boucot, et ale (l964a) has been elevated to
group rank and its upper and lower members are desig-
nated the Jemtland and New Sweden formations, respec-
tively. The Fogelin Hill, Aroostook River, and l1adawaska
Lake formations described herein have no precursors in
previous published formulations •
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stratigraphic position, name, and age of roughly equiva-
lent rock units. The units of Williams and Gregory,
and Twenhofel, with the exception of the "Aroostook
Limestone (Formation)'II, were not specifically shown on
maps; therefore, equivalencies between their units and
those defined by later workers are approximate~

White (1943), with P. E. Cloud, was the first to
define rock units in the Presque Isle and Caribou
quadrangles as mappable entities in the conventional
sense. In their investigation, most of the stratigraphic
e1e~ents of the northern half of the Presque Isle quad-
rangle were isolated and extended, in part, into the.
Caribou quadrangle. White (1943) clearly indicates
uncertainties in his stratigraphic sequencing shown in
Figure 2. He points out, for example, that the calcar-
eous and noncalcareous slates assigned to the ~'lower
member"of the "Aroostook Limestone" may be equivalent to
the slates and argillites in the "lower member" of the
overlying "shale and slate" unit, a ,::onclusionultimately
accepted by Boucot, et al. (196~a) when they placed both
of White's slate sequences into the lower member of the
Perham Formation. Boucot, et ale (1964a) and Pavlides
(1968) discuss the variations in usages of the terms
"Aroostook Limestone" and "Aroostook Formation" and
conclude that they should be abandoned.
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Aithough the ~olcanic rocks now assigned to the
Winterville Formation and Dockendorff Group were examined
and discussed by \!Jilliamsand Gregory (19'00),
White (1943) and, more particularly, Boucot, et al. (1964a)
who placed these rocks in their proper stratigraphic
positions •. Boucot, and others, also recognized that
the Frenchville Formation ("Sheridan Sandstonell and
llSandstone" of previous t'1orkers)and the "unnamed Silurian
Limestone!' (Spragueville Formation of Pavlides, 196B) were,
in part at least, temporal equivalents. The present.
investigation hCls produced abundant evidence indicating
that the lO~'ler mcrnber of the ?erham Formation forms a
medial facies betvJeen the Frenchville and Spragueville

formations; Pavlides (1968), usingre~Tiol1al stratigraphic
arq~ment~ concurrently reached a similar conclusion.

The II Square Lake r.,j.mestonefI refers to a single ex-
posure o~ the west sho~e of Square Lake and is not yet
established as a mappable unit. The "Ashland Limestone,"
no'\'1.sho\'lnto be I"o'tverDevonian, ,..'as thought to be equiva.-
lent to the "Dudley Limestone" (LO\'lerLudlovian) by

l':illiams. and Gregor~, and T\',~nhofe1; this ''lasthe prime

assumption involved in TVlenhofel's correlation of the
"Ashland shales n and the II graptoli tic shales. II T\.:enhofel

included strata belonging to the Aroostook River
Formation (of this report) with the "Ashland Shales" und
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used their structural relationship to the "Sheridan
Sandstone" in the .vicinity of Frenchville as the basis
for concluding that the shales underlie the sandstones.

The Madawaska Lake, Aroostook River, and Fogelin
Hill formations of this report have no precursors in
the stratigraphy as proposed by previous workers. The

'Perham Formation of Boucot, et ale (l964a) has been
elevated to group rank and its upper and lower members
are here designated the Jemtland and New Sweden formations,
respectively.
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. GENERAL GEOLOGY

REGIONAL SETTING
The relatimlships of the major tectonic elements of

the New England and Maritime Appalachian fold belt to
those of the study area (Figure 1) are shown in Figure 3.
~hese tectonic elements, generally ascribed to the
Acadian orogeny, are internally complex but may be traced
.for great distances (Cady, 1960; Zen, 1968). East of
the persistent Connecticut Valley-Gaspe Synclinorium the
tectonic elements become more widely spaced and, with
few exceptions, are less easily traced. as single entities
when carried northeastward into Maine and New Brunswick;
the Bronson Hill-Boundary Mountain Anticlinorium, for
example, loses its identity as a single element in
western Maine (Albee, 1961; Hall, 1964).

Coincident with the .northeastward broadening of the
fold belt is the rapid decrease in the grade of regional
metamorphism. Figure 3 shows the distribution, in New
England, of terrane containing rocks of metamorphic
grade higher than the greenschist facies (Thompson and
Norton, 1968). Contact metamorphism around intrusive
rocks in eastern and northern Maine is not shown. Most
of Maine, except the southwestern part/is underlain by
rocks which have been regionally metamorphosed no higher
than the greenschist facies •
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Figure 3: Principal tectonic features of the Northern
Appalachians in New England, Eastern Quebec, and He\41
Brunswick. The tectonic features of northeastern Maine
contain rocks. similar in many respects to those of
like ages found in the Bronson Hill-Boundary Mountain
Anticlinorium and Merrimac Svnclinorium to the south-~ . .

west. The decrease in regional metamorphic grade with
the north-east"lard proadening of the fold belt is shovln
by the chlorite isograd (after Thompson and Norton, 1968).
Contact metamorphism associated with intrusive rocks is
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Nuch of the area of Figure 1 has been shoNn as
containing "sub-chlorite zone II , rocks (Doyle, 1967)'.
Coombs, et ale (1970) report Ordovician and De,ronian rocks

containing mineral assemblages char'-lcteri.sticof the
prehl1ite-purnpellyite facies of 'regional metamorphism
from the vicinity of Big I.lachiasLake. Pavl.ic1cs (1965a)

also reported the presence of prehnite i11 veinlets and
vesicles in greenstones from Collins Ridge, Bridgewater
quadrangle, but concluded that most of the rocks of
that quadrangle bEtlong to the greens~hist:. facies.. ~rhc

distribution, in northern Maine, of rocks containing

the prehni"l::e-pumpellyite a.ssernblage is incompletely
known, but the pr~sencef at least locall~of the zeolite
assemblage suggests that the grade of regional meta-
morphism is not great and may be near the boundary
betvleen the zeolite and greenschist facies ..

The Munsungun-Pennington Mountain Anticlinorium of

northeastern Maine occupies the same tectonic position
relative to the Connecticut Valley-Gaspe Synclinorium as
the Bronson Hill Anticlinorium farther southeast (Hall,
1964); northeast\'lard, in New -Bruns\'lick,the Aroostook-
Matapedia Anticlinorium of Pavlides, et al. (1964)
occupies this tectonic position. In southern New Engl~nd,
anticlinoria generally ,have Precarobrian and/or Ordovician
cores, vlhcreas the synclinoria are formed mainly of
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Siluro-Devonian rocks (Zen, 1968; Green and Guidotti,
1968). The same relationships are characteristic of
similar tectonic features in northeastern Maine (Hall,
1964; Pavlides, et al., 1964) except that the oldest
r.ccks exposed are of probable Cambrian age in the
l'leeksboro-Lunksoos Lake Anticline (Neuman, 1962, 1964)
and Munsungul1 Anticlinorium (Hall, 1964). As ShO\lln in

Figure 1, synclinal in-folds of Silurian and Devonian
rocks are present in the anticlinoria, and Ordovician
rocks may appear along anticlinal axes or as fault
blocks within synclinoria. These occurrences reflect
higher orders of folding superimposed on the first-order
antic1inorial ro1d synclinorial features.

Studies of the distribution of major Ordovician
through Early Devonian lithofaci.es. in the northern
Appalachians have shown that facies boundaries tend to
be. parallel o~ subparallel. to.themajor'tectonic features
(Naylor and Boucot, 1965; Berry, 1968; Boucot, 1968;
Cady, 1968; Naylor, 1968; Ayrton, et al., 1969)~ This
may be, related to the apparent tendencies of some of the
anticlinorial features to be 'superimposed upon geanti-
clinal areas or portions of such areas \11hichwere elevate'd
periodically during the history of the geosyncline (Cady,
1968; Boucot, 1961; Naylor and Boucot, 1965; Boucot, 1968).
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These geanticlinal elements produced tectonic islands
and more or less linear land masses that contributed
detritus to neighboring basinal areas •.

The trend of the Bronson Hill-Boundary Nountain
Anticlinorium and its probable continuations in north-
eastern Plaine a'reroughly coincident in space \-,i th a
b~lt of Early to Middle Ordovician volcanic rocks and
associated slates, gra~1ackes, cherts, and pyroclastic
rocks (Kay, 1951i Green, 1964; Hall, 1964; Green and
Guidotti, 1968; Naylor, 1968). Uplift of this belt
along much of its length as part of a major geanticlinal
development (Appalachia) during ~~e interval of Late-
Middl~ Ordovician to Late-Early Silurian was a principal
feature of the Taconic orogeny (Pavlides,.et al., 19G8).
Angular and ~isconformabl~ relationships beb~een Ordovi-
cian rocks and those of the Silurian and Early Devonian
roark the existence and extent of the land mass formed.

t

Regional considerations of major Silurian lithofacies
indicate that this period brought gradual transgression
of the seas onto the land area unt~l, in the Early
Ludlovian stage of the Late Silurian, only a thin, more
or less linear land area existed along the present Green
~lountain~Sutton Nountaln Anticlinorium, and isolated
islands and shallo\"1 marine shelves remained along the
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general trend of the presen t Bronson IIi 11.~Bouncl_a ry

Hountain Jl.nticlinoriuIn(13oucot, 19GB; Naylor one} Doucot,
1965) •

Sedimentary and volcanic rocks representing the

Middle Ordovician to Late Middle Devonian tine occur in
and near:, the arc~a of thi.s study (Fi.9ure 1). Rocks
of Cambrian '(?) and Early Ordovici.an age, thOllqh not
known in the immediate vicinity, are present to the
south (Neuman, 1967) and southwest (Ha11-~ 1964).

Preserved in the Stockholm Hountain Synclinorium
is a complex assenililageof Early Silurian to Early
Devonian (?) s~dirnentnry rocks approximately 10,500
feet (3,200 m) thick. In addi tion, LOvler Devonian
slates, of unknown thickness, probably overlie this
sequence between l)shland and Porta9c. - '1'11eadjacent

. ..

Pennington an'd Aroostook-Hatnpec1ia Clntic1inoria (hencc-
forth referred to as the "\-lesternII and "eastern II nnti-
clinoria, respectively) contain extensiveOrc1ovicinn nnc1
Ordovicinn-to-Earlv Silurian rock units as well as ~ounaer. -. ' ~ ~

Silurian and Devonian rocks preserved in fault blocks
and synclinal infolds. Figure 4 sho~..",sthe distribution
of the major rock units as sho\'1nin IT,oredetail in Plat'2 I.
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Figure 5 gives the stratigr~phic relationships of
units as developed in this paper, and the positions and
age range of fossil localities. A detailed discussion of.
the paleontologic data used in this paper is given in ti1e
Appendix. The Standard European Section will be used in
this paper. Ordovician and Silurian age assignments
based upon brachiopods are referred to the Standard
European Section for these systems, since the faunas
found in northeastern Maine are more closely comparable
to those in Europe than to those in tile American
Standard .Section .(Boucot, et al., 1964a; Pav1ides and
Berry, 1966; Neuman, 1963). Silur~an graptolite assem-
blages are similarly referred to the European section
(Pavlides and Berry, 1966) using the zonation established

by Elles and Wood (1901) and Davis (1961). Ordovician
graptolites are zoned according to a sequence established
by Berry (1960b) for the Marathon region of Texas.
Pavlides, et a1. (1968) and Berry and Boucot (in press)
give the latest correlations between the European and
American standard sections.

Three distinct lithofacies can now be recognized in
the.Ordovician rocks: (1) greenstone-slate-gra~~acke-
tUff-chert; (2) slate with minor arenite and gra~;acke;
and (3) thin-bedded .limestone and slate with lesser
graywacke.
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Figure 5: Ordovician and Silurian correlation chart
for northeastern Aroostook County, r.1aine.
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The first faci~s, forming the Winterville and Machias
River formations/is found principally in the western apti-
clinorium; however, it is also present as far east as
Ashland and the Castle Hill Anticline. The western and
eastern occurrences are separated by a broad and incom-
pletely mapped area of younger rocks; thus, continuity
of these exposure areas in the subsurface has not been
established. As mapped in Plate I, the unit contains
rocks ranging in age from graptolite zone 11 to zone 15
of .the Ordovician.

The Madawaska Lake Formation constitutes the second
and, in general, medial facies. This "formation forms
much of the core of the western anticlinorium beb~een
Portage and .Hadavlaska Lake and constitutes the entire
core from Madawaska Lake to the St. John River and into
New Brunswick. There are.three anticlinal exposures of
the formation within the' synclinorium (Figu~e 4). North
of approximately the latitude of Washburn, the Madawaska
Lake forms a facies between the lvinterville and Carys
Mills formations; however, to the south the Winterville
of ~le Castle Hill Anticline intervenes, as shown dia-
gramatically in Figure 5. It is possible, though not
demonstrable, that a sequence such as the Madawaska r..ake
Formation lies between the core rocks of the Castle Hill
Anticline and the Carys Mills of the Mapleton Anticline
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to the east. Limited paleontolo~ic data suggest a possible
age range of graptolite zone 11 to zone 15 for the unit.

The third and easternmost Ordovician facies is found
in the lower portion of the Carys Mills Formation of
Pavlides (1968). The exposure belt of this formation
in northeastern Maine and north,,,esternNe\'l Brunswick
defines the eastern anticlinorium (Pav1ides, et al•• ~964).
The formation is known to range in age from at least
graptolite zone 13 of the Ordovician to zone 19 of the
Silurian (see Pavlides, 1968; Figure 5, this report),but
it is not"known what proportion of its section is Ordovi-
cian.

Boucot, et a1. (l964a) recognized a Late Ordovician
unit, the Pyle Mountain Argillite, as overlying the
winterville Formation in the Castle Hill Anticline. This
slate and argillite unit is approximately 600 feet (183
m~ thick and contains an Ashgillian fauna (Boucot,
et al., 1964a). As defined by Boucot, et ale (1964a),
the Pyle Mountain appears to be restricted to the vicinity
of the Castle Hill Anticline.

The Taconic orogeny has long been known to have
aff~cted northeastern Maine (~.,enhofel,1941; White, 1943;
Boucot, et al., 1964a; Hall, 1964; Pavlides, et a1., 1964,
1968). Recent work indicates further that the deformation
affected some areas while adjacent regions received
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continuous sedimentation (Pavlides, et al.~ 1964; Pavlides,
et al., 1968). In.northeastern Maine, the terrane under-
lain by Ordovician volcanic rocks was principally aff~ctedi
the main effect appears to have been moderate folding and
uplift, with little or no metamorphism.

In the Ashland area, and along the western flank of
the synclinorium, the Taconic event is indicated, in part,
by the absence of Early Llandovery strata and the nature
of subsequent Silurian sedimentation; west of the longi-
tude of.Ashland in Figure 1 the hiatus spans graptolite
zones 14 to 32; that is, rocks of Late Ordovician,
Llandoverian, and Wenlockian age have hot been identified.

The Aroostook River Formation, defined in this paper,
is present in the core of an anticline north of Ashland,
but has not been observed beyond the limits of that
structure. The contact between the Aroostook River
Formation and the overlying Frenchville Formation along
the eastern flank of the anticline is gradational.
Paleontologic information dates the unit as Ashgillian
to Early Llandoverian; however, stratigraphic relationship
to the overlying Frenchville suggests that an Early
Llandoverian age is the more likely. The Aroostook River
Formation is interpreted to be a lateral equivalent of
the upper Carys Mills and to have formed during the early
phase of the Taconian uplift •
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Overlying the Aroostook RiveL is a sandstone,
conglomerate, and slate unit !Frenchville Formation)
which interfingers eastward with a largely slate sequence
(New Sweden Formation). The Frenchville and New Sweden
formations comprise the Middle Llandoverian':"Early,
Wenlockian of the synclin?rium; however, to the east
the New Sweden is replaced by the Spragueville Formation,
which is a calcareous mudstone and limestone unit.

The Jemtland Formation is a widespread thin-bedded,
of

flysch-type sequence/Late Wenlockian-Early Ludlovian age.
It conformably overlies the Frenchville, New Sweden, and

'Spragueville formations and is abundantly graptolitic.
The Fogelin Hill Formation is the youngest phase

of the Silurian. This slate-rich flysch-like unit is
restricted to the core of the Stockholm Mountain Syncline.
The Fogelin'Hill spans the Early Ludlovian to Siegenian (?)

and thus may contain the Siluro-Devonian boundar~ as
suggested in Figure 5.

East of Ashland there is a poorly understood,
unnamed Late Silurian unit of sandstone, conglomeratic
mudstone, argillite, and slate which is a temporal
equivalent of the Jemtland and/or Fogelin Hill formations.
This unit overlies both the Frenchville and lvinterville
formations and may be more extensive to the south of its
occurrence near Ashland.
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In the Presque Isle quadrangle, Boucot, et ale
(1964a) found that tniddlc and Upper Helderbergian volcanic

and sedimentary rocks (Dockendorf Group) overlie the
Jemtland Formation Cupper Nember of the Perham Formation
of- their repo:ci.::isee Ffgure 2). The seeming absence of
Upper J.Judlovian, Pridolian, and lOvler Helderbergian

rocks led the.m topos"tulate a disconformi ty. Thus far,
no evidence of the Fogelin Hill Formation has been found

in the Presque Isle area, and its absence is consistent
Witi1 the interpretation of Boucot, and others.

Rocks of Devonian age outside of the Presque Isle
quadrangle consist predominantly of. slater with less fine
sandstone. Locally, as in the village of Ashland, limestone
conglomerate beds occur at or near the base of the slate
sequence; similar rocks f as t'lell as co~gl.omerates of-

local derivation, are the lowest Devonian strata over-
lying the ~\Tinterville Formation of thetvestern anticlinorium

(Pavlides, et al., 1964; Horodyski, 1968; Roy, unpublished
data). The slaty rocks of the Devonian section outside

the Presque I~le quadrangle have many similarities to
the Seboomook Formation (Pav1ides, .et ~l., 1964), and

portions of the Devonian terrane in the western part of
Figure 1 have been so assigned by Boone (1962), Doyle (1967),
and Horodyski (1968).
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The units discussed above constitute the pre-
Acadian sequence. Apparently associated with the

"Acadian Orogeny, but clearly younger than most of the
folding, was the intrusion of granite, syenite, and mon-
zoniteas small stocks and associated dikes (Williams
and Gregory, 1900; Boone, 1962~ Boucot, et al.,.1964a;
Pavlides, et al., 1964); dikes of teschenite (see Plate I)
are present just east of Mapleton, where they intrude
rocks of the Perham Group (Williams and Gregory, 1900;
Boucot, et al., 1964a). Pavlides (l965a) reports a
variety of dikes and sill-like intrusives of uncertain
age in the Bridgewater quadrangle (southeast of the
Presque Isle quadrangle); Mencher and Roy (unpublished
data) have observed a thin mafic dike intrusive into
the Spragueville Formation north of Fort Fairfield."

The upper Middle Dev9nian (Givetian) Mapleton
.Sandstone is the only post-Acadian Paleozoi~ sedimentary
unit in the region shown in Figures 1 and 4 (Boucot, et ala,
1964a). It is limit~d- in disttibution to a small area
just west of Presque Isle. Red, roundstone pebble and
cobble conglomerates, fine to coarse sandstones, and

.siltstones compose this sequence, which is estimated to
be 2200 feet (670 meters) or more thick (Boucot, et al.,
1964~). The abundant and well preserved plants that are
present within the section form the prirna~y basis for the
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age assignment .(Doucot, et al., 1964a; Schopf., 1964). 'l'he
Mapleton,little deformed, is preserved in a shallrnv
synclinal basin superimposed on the Acadian Chapman
Syncline (Boucot, et al., 1964a) and overlies rocks of

"the Perham and Dockendorf groups '1ith angular: unconformity.
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mapping. The exception is an aquagene tuff sequence,
approximately 60 feet (18 m)- thick, in the Jemtland
Formation. This tuff has been traced discontin-
uously over a distance of about 5 miles (8 km) on the
west flank of the Stockholm Mountain Syncline where its
straight course indicates an absence of higher order
folding.

Over much of the area the basal contact of the
Jemtland Formation has been critical in defining the
second-order fo~ding. The generally distinctive lith-
ologic contrasts across the contact make it relatively
easy to locate, and it appears to be an approximately
isochronous surface, as shown in Figure 5.

It has generally been observed in northeastern
Maine that variations in the style of folding are caused

.in large part by the distribution of the Ordovician
volcanic terrane or the presence of other relatively
thick, competent rock units (Pavlides, et al., 1964;
Boucot, et al., 1964a; Pavlides, 1965a). Variation in

the competency of the stratigraphic sections played an
important part in the structural styles of the study
area.

North of the latitude of Washburn the pre-Silurian
consists of slate-rich sequences (Madawaska Lake and Carys
Mills formations), and much of the younger rock section
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is also slate (Ne,.,Sweden and Fogelin Bill formations and

eastern phases .of the Jemtland Formation). These incom-

petent argillaceous ~ocks were folded into parallel, ap~

.pressed, steeply plu~gingf and similar folds, trending
N35E. A major exception to this pattern is the Stockholm

Mountain Syncl.ine, which can 'be traced as a single,

exceptionally simple structural feature for .16 miles
(25 km) from northeast of stockholm to just northwest of

Perham (Figu.re 4). To t.he northeast and south\,.]est
important h;i;gher order folding developed. The presence
'of 3500-4000 feet (1100-1200 m) of sandstone and con-
glomerate (FreJ;lchvi1le Formation) is inferred to be the
cause of the relative simplicity of this structure.
Higher order folding wi~~in the structure'correlates
approximately with the distribution of the more slate-
rich members of the Frenchville and the New Sweden
Formation.

South of the latitude of Washburn and east of Mapleton
the competent \vinterville Formation and the thick over-
lying Frenchville section have cau~ed the folding to be
more open and faulting to be characteristic. Also, the
fold axes trend in a more northerly direction, a feature

.of the" folding observed in the northern ha~f of the Presque
Isle quadrangle (Boucot, et al., 1964a).
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Cleavage ~'s.apervasive deformational feature of
the area. It commonly parallels the fold trends in
strike and varies about the vertical in dip (usually
within 10 degrees). As observed by Pavlides (1965a)
in the Bridgewater quadrangle, most of the cleavage is
best described as fracture cleavage; that is, there is
little alignment of the constitu~nt minerals parallel to
the cleavage direction. This type of cleavage is
typical in the r.1ada\vaskaLake and Aroos too~ River forma-
tions, much of the Jemtland and Spragueville Formations,
and noncalcareous slates of the New Sweden Formation.
The common expression of this cleavage is as closely
spaced fractures thai divide the rock into irregular
lenticular fragments and, less con~onl~ into more planar
sheets.

Flow cleavage is present in the calcareous slates
which form most of the New Sweden Formation; it is also
commonly observed in the Carys Mills Formation. This
type of cleavage is evidenced by alignment of the clay
and micaceous constituents parallel to the cleavage
direction producing a pronounced "sheen." This cleavage
cuts. thin limestone beds in many exposures; and the
resulting segments of limestone fragments are commonly
drawn out into lenses parallel to the cleavage.
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Faults are very difficult to identify directly and
must be inferred from contact or fold discontinuities.
The nature and extent of fault movements are similarly
difficult to define. The faults indicated in Figure 4
and Plate I consist of two sets: north-south faults in
the Ashland~Presque Isle area that a~e para~lel to the
fold trends, and cross faults which cut the fold axes at
approximately 900•

The three parallel faults may be either normal or
reverse. In each case the upthrown block is to the east.
The Ashland fault brings fossiliferous Late Silurian and
Early Devonian rocks into contact with Winterville
rocks forming the core of an anticlinal structure;
overlying the Winterville on the east flank of the fold
is a thick section of Frenchvi.lle conglomerate (see,
Section D-D", Plate III). The fault west of Mapleton
truncates the west flank of the Mapleton Anticline; it
is indicated by the termination of the"New Sweden and
Spragueville Formations just west of Mapleton and by
eastward facing directions in the Carys Mills where the
fault crosses the Aroostook River. Pavlides (1968)
mapped the eastern parallel fault near Presque Isle on
the basis of apparently truncated structures in the
Spragueville Formation and the presence of brecciated
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rocks of the formation in a core taken from a drill-hole
near the fault ..

The cross faults are inferred primarily from offset
contacts and fold axes, or the complete truncation of
.structures (Plate I). These transverse faults ti1erefore
shoH strike' sl~p movements; normal- or ..reverse component.s

to the movements are less certain. In the cases of the
east-west f~ult south of Frenchville (Alder Brook Fault)

and thec6mple~= faulting at the north end of the Castle
Hill Anticline, vertical movements are evident. The
block south of the Alder Brook Fault is inferred to have
been upthrovJn .and displaced right-laterally 'vith respect
to the northern block. Right-lateral displacements are
charac.t.eristicof all but one of the transverse faults
north of the. Alder Brook Fault.

The faulting clearly postdates. the principal Acadian
folding, since. the folds are offset or trUncated. If

I

the north-south faults are considered to be high-angle

reverse faults, the parallel and transverse sets combine
to form a consistent kinematic system. In the Ashland-

P~esque Isle area, this system and th~ fold pattern are
both compatible with east-west principal con~ressioni thus,
the faulting could be viewed as a late phase of the defor-
mationthat produced the folds. Alterna~ively, if the
parallel set consists of normal faults, they could have.
been formed much later than the Acadian Orogeny under a

different stress system.
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SANDSTON~ 'AND CONGLOMERATE PETROGRAPHY

OBJECTIVES

Medium- and coarse-grained sandstones have proven to
be optimum for petrographic analyses (Dott, 1964). Since
such rocks are abundant in the Silurian of tile study area,
a petrographic investigation of sandstones was undertaken
to det~rmine their provenance and lithologic variability.
Suites of samples representative of the exposed rocks of
the-.Aroostook River, Frenchville, New Sweden, and Jemtland
formations were analyzed. Emphasis in this study was
placed on the Frenchville FormationJin' which variations
in sandstone composition were observed in the field and
used as a basis for distinquishing five members.
PREPARATION

Samples were sectioned perpendicular to bedding and
standard 40 X 24 rom thin' sections were prep~red. Large
thin sections (43 X 50 rom) were also made from very coarse.
sandstones and conglomerates of the Conglomerate 11ember of
the Frenchville so that larger Iithic clas'ts could be
compared with those in the finer sandstones •

.Plagioclase and potassium feldspars in most of the
standard thin sections were stained follo~..,ingprocedures
outlined by Rosenblum (1956) and Bailey and Stevens (1960).

The HF-etched plagioclase feldspars were stained dark
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brick-red follo,\'ling"barium-for-calcium exchange and
reaction with O~25 weight-pe~c~nt potassium rhodiz9nate.
A light yellow stain on potassium feldspar grains resulted
from the sodium cobaltinitrate treatment. Etch periods
of. 20-30 seconds over room-temperature concentrated
hydrofluoric acid vlere found" sufficient. Commonly, ho\,.;everr

two etch periods were required, one preliminary to the
sodimn cobaltinitrate treatment ffilda second (after complete
drying) preceding the barium chloride and rhodizonatc
treatment.

Argillaceous ;matrix and carbonate areas of some slides
were weakly tinted red or pink. In the case of the carbonate,
barium from the barium chloride treatment apparently exchanged
wi.th calcium on the etched surface. Bariuillabsorbed on the
etched surfaces of chlorite and sericite as well as the
possible presence of finely divided feldspar may account for
the red tint imparted to the argillaceous matrix. This
staining did not produce identification difficulties.
MODAL COMPONENTS AND COm~TING PROCEDURE

Proper selection of modal components is critical in
objective and'reproducible modal analysis •. The purpose"
of the analyses done in tilis study is to define the composi-
tions of the sandstones so that lateral and verti.cal varia~
tions in provenance, if present, can be determined.
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Since the analyses are to be compared, it was important
that they be done in the same fashion and that the modal
components be standa~dized.

The sandstones examined in this study have three
detrital sand-size (and finer) populations:

(1) Grains of single mineral,species such as quartz,
plagioclase feldspar, pyroxene, etc.

(2). Fine-grained and very fine-grained rock fragments
of igneous and sedimentary origin .•

(3) Composite detrital grains of quartz-feldspar,
.feldspar-feldspar, micrographic or myrmekitic quartz-

feldspar, and much less common quartz-feldspar-biotite
grains.

In addi~on, an intergranular argillaceous matrix of
chlorite-sericite ~~ith less and variable quartz, feldspar (?),

.sphene (?), and carbonate is ubiquitous. Secondary carbon-
ate (mostly calcite) and opaques (pyrite,.magnetite, and
ilmenite?)- are usually present in small amounts. Secondary
carbonate is, however, commonly very abundant in the sand-
stones (and siltstones) of tile Jemtland, Fogelin Hill, and
Aroostook River formations. Detrital carbonate and fossil
fragments are present in some of the sandstones.

A recent study by Boggs (1968) of the preservation of
textural and compositional features in debris from crushed
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"parent" roqks indicates that fine-grained (O.02":mmand
less) source rocks (e.g. andesites, slates, basalts, lime~
stone, etc.) are readily identified in sand-size deposits.
Coarse-grained parent rocks such as granite, diori~e,
gabbro, gneiss, etc. were reduced to fragments of two to
five crystallites in sand-size material with consequent
loss of defining textural"and compositional indicators in
most of the fragments. The composite grains of plutonic
rocks in sandstones, though commonly difficult to unequiv-
ocally relate to specific parent rock-types, are important
indicators of both provenance and compositional immaturity,
and probably represent first-cycle detrital debris (Blatt,
1967). In order to avoid parent-rock implications during
the analyses, composite grains of the third population
indicated above were tabulated separately, and are so
presented in the data tables.

Definition of original detrital grain outlines in some
of the sandstones is obscured by secondary enlargement of
quartz and feldspa~particularly in those rocks with low
argillaceous matrix content. This alteration, though
generally minor, is commonly sufficient to make difficult
the separation of detrital grains of the first and third
populations described above. In order to produce composi-
tional data with maximum operator consistency, and at the
same time to estimate the abundance of composite grains of
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various types, a "side-count" method for tabulating these
grains (excluding the easily identified micrographic/
myrmekitic grains) was used. Tfiisprocedure involved
counting as quartz, plagioclase, or potassium feldspar any
such grain from populations one and three regardless of
whether it appeared to be a single grain or 'part of a
composite grain. If the grain in question was "judgedll to
be linked to an adjacent grain, then the appropriate
"composite grain component" was side-counted. Operator
consistency is considered high for the "primary count,"
i.e. quartz, plagioclase, or potassium feldspar, because
these minerals are easily distingu~shed, especially in
stained thin sections; operator consistency involved in~
the composite-grain jUdgments is unknown but is probably
lo\..;er.

The results of this analytical procedure are displayed
in the data tables of this report in two parts. The
"primary count" is presented first, and totals 100.0
percent; the composite grains are excluded. The composite
grains are reported separately as "Composite Qtz-Feld",
"Composite Feld-Qtzll

, IlCompositeFeldspar", and "Composite
Quartz"; the distinction between the first two categories
is based on where the composite grain is included in the
primary count, i.e •.IIQtz-Feld"grains are in the primary
quartz total and the "Feld-Qtz" grains are included in the
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plagiqclase-plus-potassium feldspar total. A single feldspar
.value is given ,in analyses of unstained thin sections.

The follo'\'lingcomponents are used in the "primary
count" modes on sandstones and conglomerates reported in
this paper:

(1) Quartz (el): Includes sing~e-crystal m1d com-

pos! te' -quartz g'rains t and quartz crys tals of composi te

quartz-feldspar grains.
(2) ~Plagioclase Feldspar (C2): Includes single-

crystal grains and plagioclase crystals of composite
plagioclase-quartz, plagioclase-plagioclase, and
plagioclase-potassium feldspar grains. Much of the
plag~oclase is unbvinned and is variably saussuritized.
Most plagioclase grains have a cloudy or dusty appearance
due to minute inclusions.

(3) Potassium Feldspar (C3): Includes si.ngle-crystal
grains and potassium feldspar crystals of composite potas~
sium -feldspar-quartz, composite potassium feldspar, and
potassium feldspar-plagioclase grains. Potassium feldspar
constitutes a minor proportion of most of the sandstones
but is relatively abundant in a few. Staining reveals that
many of the grains contain "patches" and inclusions of
plagioclase.

(4) Detrital Mica (C4): Includes muscovite, biotite,
and composite detrital chlorite grains larger than approxi-
mate'ly 0.02 nun in gJ;eatest dimension.
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(5) Pyroxene (C5): Single and composite grains of
augite and.pigeonite (?).

(6) Sphene (?) (C6): Scattered through the argilla-
ceous matrix and forming rare grains of approximat~ly 0.02 rom
size is a colorless, high-relief mineral with extreme
birefringence/which is probably sphene. Optical deter-
minations are not possible on these grains.

(7) Argillaceous Matrix (C7): Intergranular chlorite
and sericite with lesser very fine-grained quartz, feldspar (?),
sphene (?), carbonate, and opaques is included in this com-
ponent. This material is generally less than 0.02 romin

,grain size and is,interpreted as recrystallized clay.
(8) Secondary Carbonate (C8): Mostly secondary

"matrix" calcite. Secondary carbonate replacing matrix
a~gillaceous material, volcanic rock fragments and feldspar
is present in "highly var~able amounts. Carbonate clearly
replacing rock fragments'and feldspar grains is not included
in.this component.

(9) Opaque (C9): Largely secondary pyrite, magnetite,
ilmenite, and hematite (limonite). Also includes carbon-
aceous material and opaque detrital grains of uncertain
composition in some rocks.

(10) Micrographic Quartz-Feldspar (CIO): Hicrographic
and myrmekitic quartz-plagioclase and quartz-potassium
feldspar grains.
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(11) Fine-grained Mafic Rocks (CII); Consists of
fine-grained volcanic and hypabyssal igneous rocks with
inte~sertal, pilotaxitic, felted, trachytic, and pyroclastic
textures. Phenocrysts of plagioclase and pyroxene are
infrequently observed in these lithic fragments in sand~
stones, but are common in larger clasts of similar rocks
-in the conglomerates.

(12) Fine-grained Felsic Rocks (C12): Consists of
felsophyric volcanic and hypabyssal rocks which commonly
display variolitic, spherulitic, and micropoikilitic tex-

tures. Phenocrysts of quartz (commonly embayed) and angular
plagioclase are common in larger c~asts present in the
conglomerates. In sandstone analyses, separation of this
component from C13 is very difficult; the presence of
feldspar in the fragments (made visible by staining) was
taken to indicate fe1~ite.

(13) Chert and Cherty rocks (CI3): Consists of micro-
and cryptocrystalline quartz with less intergranular
chlorite and white mica. Rounded, quartz-filled bodies up
to 0.4 mm in diameter and inferred to be radiolarians
occur in some clasts. Red, green, and black varieties are
present, but gray and green-gray types are much more abundant.

(14) Sericitic Fragments (Cl4): Clasts of fine-
.grained parallel-orioented'sericite and white mica.. Some
of the fragments contain quartz and plagioclase and others
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may be highly saussuritized plagioclase grains. Many of
an

these fragments display / undulatory extinction.
1 " "(15) Pelite Fragments (CIS): Fragments of pelite,

calcareous siltstone, and argillaceous siltstone.
(16) Sandsto'ne (elG): Consists of fragments of

quartzi te and fine-grained gray\"acke.
(17) Detrital Carbonate (Cl?): Fragments of sing1e-

crystal and polycrystal carbonate. Commonly these clasts
have overgrowths of secondary car~onate~

(18) Fossil Fragments (CI8): Commonly coral,
, "

brachiopod and crfnoid fragments.
(19). Miscellaneous (C241 and unidentified (C23):

Very fe\\i'rocks ha~ constituents tallied as miscellaneous,

but Hehert" matrix has been so counted in one or tt.!O

slides. Detrital fragments of obscure character are
included in the "unidentified" category.

Side~counted composite grains as discussed above

form the composite quartz-feldspar (el9), composite
feldspar-quartz (C20), composite feldspar (C2l), and
composite quartz (C22) modal components.

Modal IDlalyses pf approximately 500 counts (range
49S to 557 counts) were done on. all sections. Point

"spacing was chosen to minimize replicate counting of

lThe term Upelite" is used "in this paper to refer to
argillaceous material without regard to presence of
cleavage (slate) or bedding fissility (shale). The
term is used for both argillaceous fragments in
clastic rocks and argillaceous beds.
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individual grains; in the case of sandstones, spacings
of 0.3 rom to 1 rom ~'1ere generally used. Analyses \',ere

done using sox magnification; however, lower and higher
po~vers were used \Alhennecessary for proper identifi9ati6n .

.CONGLOMERATE PETROGRAPHY (FIELD ~~ALYSES)

Exposures of conglomerate suitable for outcrop
modal analysis are rare. An outcrop was considered suit-
able if it presented several square feet of relatively
flat surface perpendicular to bedding (qr nearly so) and
was free of lichen and moss 'cover. Three 6r four square-
foot areas were divided into grids of two-inch squares
using chalk. The modal component under each intersection
of the grid was tallied. Analyses of 169 and 133 counts
were thus obtained.
SM~nSTONE CLASSIFICATION

A sandstone 'classification following that suggested
by Gilbert (lvilliams, et al., 1954) and Dott (1964) .is
used in this paper. The term "sandstonetl is used to
refer to the general class of clastic rocks with greater
than 60 percent sand~size detrital particles. Sandstones
are subdivided into-arenites. (less tilan lO'percent
recrystallized argillaceous matrix, C7) and graY\'lackes
(greater than 10 percent recrystallized argillaceous
matrix, .C7) •
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Sandstone classifications are generally referenced
to a triangular plot of the "principal detrital compon~nts."
The various classifications differ as to which detrital
components should be included in each "pole" of the dia-
gram .(e.g. Pettijohn, 1957, Folk, 1954; Dott, 1964),
even though many author.s designate the poles' as "Quartz,"
"Feldspar," and "Rocks Fragments."

Composite grains of quartz-feldspar and feldspar-
feldspar, distinguishable in many sandstones (Folk, 1965),
are rarely discussed infeference to these polar. components.
Fine-grained rock fragments of igneous, metamorphic, and
sedimentary origin are usually specifically included in
the rock-fragment pole. Pettijohn (1957, p. 130) pre-
cludes the possibility that coarser grained paZ-Cr"ltrocks,
both igneous and metamorphic, could appear as detrital
grafns in medium-grained clastic sediments, yet "plutonic
rock fragments" are frequently reported in grayt'lackesof
that grain size (Dzu1yuski and Walton, 1965). Folk (1954)
places "plutonic" composite grains in a "Feldspar and all
igneous-rock fragmentslJ pole and similar grains of meta-
morphic origin in a "mica, metamorphic-rock fragments and

. . .

metaquartzite" pole; even if one assumes that composite
grains of these two types could be uniquely separated,
Folk~ classificiation becomes~ inconvenient for sandstones
which contain little or no metamorphic source contribution.
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Though the classification proposed by .Gilbert and
modified slightly by Dott (1964) is flexible and based
on tile measurement of relatively objective parameters,
no specific provision has been .made by these authors for
.th.ecomposite grains. The "rock fragmentst': pole of
Williams, et ale (1954) is called Uunstable fine-grained
rock fragments II and Datt terms it simply t1labile fragments II n

Th:ese desigr~ations suggest that composi te grains, i.f

present, are to be included in the feldspar and quartz
poles. In the analyses of this paper, this is accom-

.plished by simply plotting the primal.'"Ycount data and
disregarding the composi te grains (see Table J..).. Chert
(C13). is here included 'vith the rock fragments ..

The 1itilic and feldspathic sandstone. fields as
defined by Dott (1964) are.subdivided to indicate quartz
contents in excess of 50 percent as shown in :E~igure6.•, .

An indication of the composition'al stability ,or the
san~stones is given by the DEF diagram as defined in
Table~. This plot differs from the ABC diagram in the

.inclusion of the composite grains .(except composite
q~ar~z) in the rock-fragment.pole.

The principal source analysis (plot Gillr Table 1)
is discussed in a later section.
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EOCI<S OF OHDOVICIIllJ l~lJD r:AnLII;srl~ S ILURI7\N AGE

\'lINIJ:'EEVI LLE FORl'i'LZ\'I'ION

Name and Distribution

Boone (1959 ) applied the name "l'lin t:ervi lIe Volcanics II

to a comple:.:of 'andesi tic und 'basaltic rocks underlying

the Upper Silurian and LOyIer Devonian 'bet\'Jeei1 St. FJ:,oid

Lake and Fish River Lake. The name is t'aken from the

Vlinterville Township in the north-central part of the

Y'Jinterville quadrangle. f).'he term "\']interville Formation II

has been used by the NIT research group because the

complex contains a variety of sec1imenotary rocks inter-

layered Hi th the volcanics. The formation has hot: ,been

formally established, and is used informally in this

paper.

AS,5ho\'111in Figure ,1,' the Ninterville is vii.dely

present in and to the 'Vlest of the study area. As yet,

no t~Tpe 'section'or type 'area :has been proposed.' The

most detailed petrographic analysis of the unit, hOvTever,

is that of Horodyski (1968) in the l?ish River-Big

l-1achiasLakes area; the litholo9ic discussion that

follows'is based largely on lIorodyski's study and obser-

,~vations by the writer.

Lithology

The Hinterville Forr:tation is a complex assernblage

of mafic and fclsi tic extr"Jsi ve rocl:s (~..,ith associated
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sills (?) and dikes), tuffs and tuffaceous clastic
sedimentary rocks, and minor.blnck. slate, red and ~rcen

cherts, graywacke, and conglomerate. Horodyski (19G8)

has estimated the relative abundances of the princ"ipal
rock types, based on their frequency of exposure, as

fol10\'ls: 61% andesite, 9% basalt, 5% quartz.'keratophyre,
10% water-laid tuffs, 2% tuffaceous mudstone, 10%

sandstone and "conglomerate, and 3% black slate. In
the area" of his study, Hor~dyski found a-real variations
in the abUl1dances lof the sedimentary" rocks and esta-
blished meniliers based upon these variations.

The distinction bet\'lcen andesi te and basal"t cannot

usually be made .i~ the field. "Exposures are generally
highly fractured, and a 2 to 4 mm bro"ln \'7eathering
rind' is common. C alci te" and quart z v"eins are common.

"Freshll surfaces are gray to green-gray in color.
"Horodyski estim"ated" that" approximately ninety percent

of the mafic volcanic rocks are andesites and differ
from the basalts primarily in feldspar composition. The

andesites and basalts are composed of plagioclase,
chlori te," and commonly augite'; quartz r sphene, leucoxene,

"ilmenite, pyrite, white mica, and carbonate are present
in much smaller amounts. Chlorite, sericite, and carbonate
replace the plagioclase. to varying degrees in all samples.

Prehni te and pUI1pe1lyi te have been observed by Coort'])S,
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et al. (1970) in some of these mafic rocks as veins
and v~sicle fillings, as replaccrocnts of plagioclase
and augite, and in associati6n with intersertal
chlorite. Albitization of'originally more calcic
pl"agioclase, producing' cloudy albite (AnO_4) :is

"apparently "lidcspread (Coombs f et" ale ~ 1970). Hany of
the andesites may be spilitic derivatives of originally
more basaltic rocks.

I

Quartz keratophyres, as distinguished by Horodyski,
are rather easily recognized in th8 field. 'l'hey arc
light brown and light gray to light greenish" gray in
color and very fine grained. A cherty appearance and
brecciated fabric are cowman. Dark-gray and black
II stringers 11 axe visible in many hancL specimens.

~henocrysts of quartz and plagioc~a~e in a micro-
crystalline matr~x of qua.rtz,"feldspar. and intersertal
chlori te characterize th"e }ceratophyres •. The q.uartz

phenocrys ts corrunonly are corroded, producin~f rounded

and embayed crystals. The groundmass' consists of

microc~ystalline (O.~5 n~) anhedral quartz and plagioclase
(albite?) ~ Micropoikilitic enclosure 6f feldspar laths
in quartz is commonly observed in the groundmass.

Fine-grain~d water-laid tuffs displaying a sub-
vitreous luster and subconchoidal fracture constitute
about ten percent of the \V'interville. These rocks form
much of ",hat is termed "chert" in the field. A light-
brovln -or whi te \'leathering rind is indicative of ,a rela-
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tively high feldspar content. Fresh surfaces are usually
shades of gray or green-gray in color, but bright-9reen
and reddisJ1.-bro,,:nvarie"cies are presen t. In sa\\1ed
specimens .Horodyski "has observed lamination and cross-

l~mination; graded bedding and micro-load-cas'ting are
.important but less comn1on features.

Petrographically these tuffs consist of a micro-
crystalline :natrix containing varying amounts of silt-
size and sand-size angular quartz and feldspar grains.
The microcrystalline matrix is simIlar to that observed
in the keratophyres but, in the main, tiner qiained
(0..002 to 0.02 nun). Fragments compo.sed of micro-
crystalline quartz-albite (?) -chlorite present in some
of t:hese rocks' \'lerein terpretec1 by Horodyski to be
recry~tallized glass fragments. .The matrix is considered
to be recrystalli.zed vi tric 'ash.

Spherical bodies filled \'7ith .fibroradiating quartz .. - . . '. . . . '. -

or microcrystalline mosaic quartz that are inferred to
be recrystallized and filled radiolarian tests are in
some of .these.tuffs; small, rod-shaped fragments con-
sisting of microcrystalline quartz. in these same rocks
may represerit radiolarian s~ines.

Similar to 'the water-laid tuffs in many respects
are the "tuffaceous mudstones." A complete gradation
probably e:>:istsbeu'leen :non tuffaceous silicified
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mudstone and the water-laid tuffs. These rocks are all
cherty in appearance and are very siliceous. It is not
clear in many cases ~hether ti1e silicification is due to

,recrystallization of vitric material or to the intro-
'duction of silica by percolating deuteric solutions.

The tuffaceous mudstones as d~scribed by Horodyski
are generally gray to black. More "tuffaceous" vari-
eties display a poorly developed cleavage. In thin
section, ~icrocrystalline and cryptocrystalline quartz
with varying amounts of intergranular chlorite character-
,ize o1ese rocks; bedding-oriented mica is present in
some samples. Red or maroon varieties which owe their
color to finely divided hematite are 'present'locally.
Green and green-gray types seem to be colored by their
chlorite content. Graptolites and radiolarians were
observed by Horodyski in these mudstones at two locali-
ties.

Black slates are locally very important in the
Winterville sequence. Although comprising only 3
percent or so of the unit wlrcre studied by Horodyski,
this lithology is seemingly ~ore abundant in the Portage-
Moose lv10untainarea (Nencher, un'published data). These
dark slates are commonly pyritiferous, and ocher-stained
on cleavage and fracture surfaces. Laminae and thin
beds of siltstone (light gray) are present in the slate
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~n some 'exposures. At a number of localities, rocks of
this lithology contain graptolites which provide most of
the age information on the Winterville Formation.

Tuffaceous sandstones and conglomerates locally
form up to 20 percent of the Winterville. These coarse
clastic rocks are poorly to moderately sorted and
contain fragments of quartz, plagioclase, recrystallized
glass, quartz keratophyre, andesite, and tuff. A
matrix of microcrystalline quartz and feldspar with
varying amounts of chlorite, white mica, and carbonate
is a typical feature. Horodyski interprets these rocks
to be deposits that formed contemporaneously with active
(explosive) volcanism.

,Unit "Ovs" of BOUCQt, et al. (1964a) in the Castle
Hill Anticline is here assigned to the Winterville
Formation. 'This assignment is based on ,lithologic
similarity and cornmon age. The Winterville'of the
Castle Hill Anticline has been extended westward into
the Ashland area (Figure 4).

Williams and Gregory (1900) have described a variety
of felsitic rocks on Haystack and Pyle mountains, many
of which show a micropoikilitic groundmass in which
feldspar laths are enclosed in quartz. These authors
and Boucot, et al. (l964a) also report vesicular and
amygdaloidal andesites, pillowed flow rocks, tuff,
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chert and black slate as forming the remaining core
rocks of the Castle Hill Anticline.

In, and jus.t north of 1 the village of Ashland,
and

black and olive green slates, pebbly argillites,/chcrt,
,together \'li th Jjlaficvolcanic rocks comprise the ~vinter-

ville/which is overlain by the Frenchville Formation.
Between Ashland and the Castle Hill Anticline, approxi-
mately 90 percent of the Winterville exposures are of

,
mafic volcanic rocks (andesites?); fossiliferous
tu.ffaceous sandstones associated \IIi th the volcanics

,have been described by Neuman (1963) at fossil locality 3

(Plate I) .'

Lower Contact
The lower contact of the Winterville has not'been

'recogni zed in the area.
~hickness

Horodyski (1968) estimated a minimum thickness of
5000 feet (1.5 km) but considered the formation to be
much thicker. Since. the lower 'contact has not been
observed and the formation is unconformably overlain
by younger rocks, thickness estimates are very uncertain.

Direct paleontological data on ti1e age of the
Winterville Formation is summarized in Table 2 and
shown diagramatically in Figure '5. The data indicate
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Table 2: Fossil localities from tho winterville (Ow) and
Hada\'JaskaLake (Oml) formu,tions.' All graptolites idelYti-
fied by lv. B. 1'1. Berry. Brachiopods of loca.lity 1

:identified by A. J'. Boucot (personal communic,ation,
October, 19G6) and Neuman (1968). Data for locality 3
are from Neuman (1963, 1968). Locality 14 is from Boucot,
et ale (196I1a, locality C-6). Localities 4, 7 r '11, 12,
and 13 are from \..,est of the area 5ho\'lnin P1ate I.

Precise locations of all l6calities cited in this
.

paper are given iri'the Appendix. The following ages,
are assigned to, the collections: locality 1, Ashgillian
(zone 15); locality 2, Caradocian (zone 12-13); locality 3,

r

Caradocian (approx. zones 12-13); localities 4, 5, 6,
and 7, Caradocian (zone 12); locality 9, Caradocian
(probably zone 12; localities 8, 10, 11, and 13,
Caradocian (zo~es, II-Ii) ; locality 14, Caradocian

.(zone ,13); locality 15, Caradocian-Ashgillian (in the
span of zones 11-15, but probably in the range of ,zones
11-13); locality 16, Caradocian-Ashgillian (probably zone
13) •

80 .



I o..t J

LOtALITV
oIN

1 2 3 4 5 " 7 9 q 10 /I 12113 14
'" ItlX X lC !

)C ~ d.1
I d.

)t d. x x c:t I

d.
Ie )t X X

l(

X X
X

X I. I

X X I
X II
X

X X X
)( IC!'

It
x 1. X !

X
x cJ.

Xl
lC cf. art

an
tf.

l( x
x to
x

X X IC lC
xl x : II lC lt

X

x
X?

x
lC

X
X

X
X l(

X ....

X II

X
It

X
X l(

X
X
X
X
X
X

l(

I

X

X
l(

II

X X

X
x

c:f.
x
II

•
II

II

II

II

II

l( l{

I I x I I I I I I I 1 I , , I I
X I x I I I I , I I I I

xl I I _1. I I 1 ITl-r-..Ll-l ....L.

r~UNA

TABLE 2
OC.ROY

81



that the formation is of Caradocian and As~~illian age.
Most of the age information is based o~ graptolite

collections made from the black slate rock type; however,
two brachiopod-rich localities (numbers 1 and 3) have
been significant in the dating of ~le formation in the
"Ashland area. With the exception of locality 1, the
fossils indicate ages within the Caradocian stage of
the Ordovician (span of zones 11-13); no faunas repre-
senting the Late Caradocian (zone 14) have been docu-
mented.

Locality 1 is in the village of Ashland; the
exposure was in the basement excavation for a house
built in 1966 by Mr. Carlton Ji~no on what is known
locally as IICottage Hi 11••~ The excavation, no 1.('\nger

available for examination, exposed the contact between
the Winterville and Frenchville formations. The
graptolites came from black and olive-green, pyritiferous,
ocher-weathering slate about 5 feet (1.5 m) strati-

.graphically below the contact. Berry (personal communi-
cation, February, 1967) assigns the graptolites to the
span of zones 12-15. Brachiopods were collected from
an olive-green pebbly argillite continuous with the
graptolitic strata and 0-2 feet (0-0.6 m) below the
contact." Boucot (personal communication, October, 1966)
and Neuman (1968) indicate that the brachiopods are
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probably Ashgillian in age, but the possibility of an
Early ~landoverian age cannot be ruled out.

The age ranges of the graptolite and brachiopod
assemblages therefore suggest an Ashgillian age for the
Winterville Formation at locality 1. Alternatively,
since the graptolites come from a stratigraphically
lower level it is possible to consider the graptolite
assemblage to be Late Ordovician (Caradocian-Ashgillian)
in age and the brachiopods to be Early Llandoverian.
An Ashgillian age is favored for the entire sequence,
since no evidence of a stratigraphic break has been
observed between the two collected horizons, and Boucot
and Neuman have assessed the prachiopod assemblage to
be more characteristic of the Ashgillian than the
Early Silurian.
MACHIAS RIVER FORMATION

Horodyski (1968) defined and briefly described a
new unit, the Machias River Formation, which he mapped
in a small area southeast of Big Machias Lake (Figure 1).
Like the Winterville Formation, this new formation has
not been formally proposed. Since it is not present in
the area of this investigation ,it will not be discussed
at length here.

Horodyski estimated the Machias River to consist of
approximately 75 percent black slate, 17 percent
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graywacke, 5 percent andesite, and 2 percent calcareous
mUdstone. The Machias River is inferred to overlie
the Winterville Formation, but direct stratigraphic and
paleontologic evidence for this relationship is lacking.
It is possible that these slates are equivalent to
portions of the Winterville as mapped elsewhere in the
region, and to the Bluffer Pond Formation. of Hall (1964)
discussed below.
ORDOVICIAN ROCKS OF THE SPIDER LAKE AREA

The Ordovician rocks in the Spider Lake quadrangle,
as described by Hall (1964) and generalized in Figure 7,
are lithologically very similar to those in the Winter-
ville Formation. Hall has, however, been able to
divide the Spider Lake Ordovician into four formational
units with an aggregate e'stimated thickness of about
20,000 feet (6200 m). He was able to recognize the
base of the section aridinferred an angular unconformity
between the Cambrian (?) Chase Brook Formation and the
overlying Middle Ordovician Chase Lake Formation.

The oldest fossil collection in Hall's Ordovician
section is from the Conglomerate and Graywacke Member of
the Chase Lake Formationi the age is in the span of
zones 11-12, probably correlating with the Late Porter-
field of the American Standard Section. Hall considered
this locality to define the early age limit of the Ordo-
vician s'equence.
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Figure 7: Generalized Ordovician section in the Spider
Lake area as established by Hall (1964).
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Hallis yotingcst Ordovician unit, the Blind Brook
Formation, is assigned by hi~:1to zone 13 of the Middle

Ordovician (Caradocian) but his paleontologic data
indicates that some of the formation could be ns young
as Ashgillian, zone 15 (Hall, 1964).
NADAl'lASKA LAKE FORr.1l\rrrON

Name and Distribution
The term "Hada\vaska Lake Formation II is here applied, - -

to an ex':tensive, largely slate, unit \!lhich forms all or

part of the' core of the "lestern anticlinorium from
Portage to the Ste. John River and into New Brunswick
(Figure 1). Th~ writer has also found.this, unit to
underlie the Frenchville Formation in small anticlines
in the north-central part of the Ashland quadrangle,
and the southeastern portion of the Portage quadrangle.
Although not as yet formally proposed, the formation as

defined here has been used extensively bv Elv t.1encher and. .' .. " .-. ..' -
'his stUdents, Hamilton-Smith (1969), and.the "Triter.

No type section that gives complete exposure of the
formation can be designated for the Hac1a\vaska Lake.
Typical rock types of the unit are found in exposures

along the north shore of I.1ada"laskaLake itself, along
Maine Route 161, and along lumbering roads just north
of the lake. The vicinity'of the north shore of the lake
is here designated the type area. The formation
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is also extensively exposed along easily accessible
lumbering roads west of Blackstone Siding in the north-
east corner of the Portage quadrangle, and along similar
roads in the northwest corner of the Stockholm Township,
StOC~10lm quadrangle.
Lithology

A quarry approximately 300 feet (90 m) southwest
of Maine Route 161 at a distance of 0.85 miles (1.4 km)
north of Madawaska Lake presents the most extensive
exposure of the formation. Gr~en-gray to light olive-
green, very fine-grained brittle slate with thin beds,
generally less than one inch (2.5 cm) thick, and laminae
of light-gray, orange-weathering siltstone constitute an
estimated 95 percent of quarry section. The thin
siltstone beds commonly display cross-lamination and
'ripple morphology. Beds of the siltstone up to 6 inches
,(15 em) thick showing highly contorted lamination are

"observed locally else\'lhere. Widely spaced, thin, rust-
weati1ering, dark-gray, argillaceous, aphanitic limestone
beds are a distinctive minor lithology. These limestone
beds are both continuous and lenticular •

.A brown or ocher staining is ubiquitous on fracture
and cleavage surfaces. A pronounced bedding parting
is .usually observed in large exposures. The inter-
section of the cleavage and this bedding parting commonly
produce "pencil-shaped" fragments.

88



Exc~pt for the presence of the limestone beos,the
rock types just described are typical of those seen in
most exposures of the formation. Locally, however,
there are graded graywacke beds (see Figure 8), massive
sandstone and conglomerate, and red, maroon, and (rarely)

,purple slates. The'distributions of .these minor rock
types in the Madawaska Lake Formation are hot known.
The red and maroon slates have been commonly observed
near the contact of the formation with the overlying
Frenchville Formation, but this apparent coincidence
may be due to the greater amount of mapping along this
contact than elsewhere.
LO't.,erCon tact

The lower contact of the Mada\'laskaLake has not
been recognized.
Thickness

As yet no reliable thickness estimates are possible
for the Madawaska Lake Formation. The'formation is
unconformably overlain by the Frenchville Formation along
most of the southeastern flank of the western anti-
clinorium; the base of the unit has not been defined.
Much of the area underlain by the formation has not
been mapped SUfficiently to establish the geometry of
the folding or to eliminate the possibility of synclinal
infolds of younger rocks. Hamilton-Smith (1969) was
able.to document the presence of at least 1950 feet
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Figure 8: (A) Sa\~ed specimen of a graded gra~lacke
bed from the Madawaska Lake Formation. Internal

° structures described by Bouma (1962) as characteristic
of a complete turbidite ~ed are clearly visible.
(B) Bouma's subdivisions of a "complete turbidite" are
illustrated in this interpretive ~ket~h; A = graded
inte~val;' B = lower interval of lamination; C = interval
of current rippl~ng and convolution; O? = upper interval
of iaminationi E = pelitic or interturbidite interval.
Note the erosional contact between the Band C intervals.
Interval 0, consisting ~f tlleointerlamination of fine
silt and pelitic material, is commonly difficult to
s~parate from interval E (Walker, 1967).
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(600 m) of Madawaska Lake section in the Siegas, New
Brunswick, area, but the formation is probably much
thicker.
Age

Very limited paleontologic information has been
obtained from the Madawaska Lake. The results of col-
lections from the two localities found so-far are shown
in Table 2 (Localities 15 and 16). Locality 15, found
by Gary Laux and Richard Warner near Collins Siding
northeast of Stockholm, has produced the best preserved
graptolite faunas. Berry (personal communication, 1970)
concludes that the forms present are of Ordovician age
(in the interval of zones 11-15). The poorly preserved
forms have characteristics that suggest they probably
represent the span of zones 11-13 (Caradocian), but a
slightly younger age cannot be ruled out. Locality 16,
found by Hamilton-Smith (1969) in the Siegas, New
Brunswick area, produced a species of Diplograptus which
Berry (personal communication, 1970) identified as
1I ••• a slender Diplograptus which appears to.me to be
most similar to D. mohawkensis (Ruedemann). Many
specimens are present ••.•but all are very badly distorted
--most of them are stretched along the central axis of
the rhabdosome. This stretching makes positive identi-
fication impossible." Berry states that the form indi-
cates a Late Ordovician age and he suggests that a zone 13
age is proba~le.
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Hamilton-Smith.(1969) presented convincing evidence
from the Van Buren area that the Carys Mills Formation
there conformably overlies tho Madawaska Lake. Locality 24
(see Table 3) of Early or Middle Llandoverian age from
the Carys Mills near the contact indicates that the
Madawaska Lake Form~tion could be as young as Ashgillian
or Early Llandoverian.

The Madawaska Lake Formation is therefore considered
to range from at least the Caradocian to the Ashgillian,
with a possibility that its'youngest phases may locally
be of Early Llandoverian age.
PYLE MOUNTAIN ARGILLITE
Name and Distribution

'.The Pyle Mountain Argillite ",as defined and mapped
by Boucot, et al. (1964a). It is restricted to the
flanks of the Castle Hill.Anticline, where it overlies
the Winterville Formation and underlies the.Frenchville
and New Sweden formations. The unit is not well exposed
but has produced four important foss~l localities.

Fossiliferous exposures al9ng an east-west road
near its intersection with Turner Road (north slope of
Pyle'Mountainivicinity of locality 17) have been desig-
nated as the type localities (Boucot, et al., 1964a).
Lithology

In the type:.exposures, the Pyle Mountain consists
of a poorly cleaved, tan- to brO't'1n-weatheringsilty

93



argillite. Exposures in the fields just south of the
.type exposures, including fossil locality 18, show
olive-green, poorly to well cleaved, silty slate which
in some exposures breaks into splinters. These olive-
green slates apparently overlie the brown-weathering
silty argillite.

Where the Pyle Mountain outcrop belt crosses Maine
Route 163, about 1.0 miles (1.6 km) south of ,the type
exposures, a similar sequence of lithologies is exposed.
The brown-weathering silty argillite is exposed in the
highway ditches when these ditches have been cleaned
by maintenance crews. This exposure is cited by Boucot,
et ale (1964a', Appendix III) as a fossil locality,
but no, fossils are listed and the locality is not
discussed in the text. Just north of the h~gh,..,ayand
app~rently stratigraphically above the road-ditch
exposure is an outcrop of green, 1enticular1y cleaved,
silty slate.

At fossil locality 19 on the steep west face of
Castle Hill is a large exposure of medium-gray and
green-gray, 1enticularly cleaved, silty slate that
weathers brown. Thin, contorted, and seemingly lenticu-
lar, orange-weathering limestone beds are present
sparsely in the slate.
Lower Contact

As discussed by Boucot, et af: (l964a), the Pyle
Mountain Argillite overlies the Winterville Formation
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(their unit Ovs) of the Castle Hill Anticline. \AJhere
tile contact can be closely a~p~oached, no structural
discontinuity is evident. No evidence of contempor-
aneous volcanism (e.g. silicified sedimentary rocks,
sulfide mineralization~ or interbedded volcanic rocks)
has been observed, suggesting that the Pyle ~ountain
postdates the volcanic activity in ti1e Castle Hill-
Haystack Mountain area and probably rests on the older
rocks disconforrnab1y.
Thickness

BOucot., et al. (1964a) estimated the thi.ck11essof
the Pyle Mountain to be approximately 600 feet (90 m).

On the west flank: of the anticline, the argillite is
inferred to '\.;edgeout; exposure of the uni.t along that
flank is very poor, and it is possible tl1at it exists
farther south than the termination shown.
Age.

Table 3 gives the paleontologic data for L~ePyle
Mountain Argillite (localities 17,18,19,20). The
trilobite fauna of localities 17, 18, and 19 establishes
an Ash~illian age for the unit; the brachiopod assemblage
is consistent with this age but' dates the rocks no
closer than Late Ordovician (Boucot,et al., 19G4a).
CARYS MILL FORMATION
Name and Distribution

Pavlides (1968) has summarized the stratigraphic
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Table 3: Fossil localities from the Pyle Mountain
Argillite (Opm), Carys Mills Formation (OScm), and
Aroostook River Formation (OSar). Graptolites identi-
fied by W. B. rN. Berry; trilobi tes identified by H. B.
Whittington; ostracods identified by Jean Berdan;
conodonts identified by J. Huddle; brachiopods .from
localities 17, 18, 19, and 20 identified by R. B.
Neuman and cited in Boucot, et al. (1964a); brachiopods
from locality 26 identified by A. J. Boucot. Locality 23

.is the IIColby locality" of Boucot, et ale (1964a) and
locality 1 of.Pavlides (1968). Locality 25 is reported
by Hamilton-Smith (1969) from near Siegas, New Brunswick
and is not plotted on. Plate I. Locality 22 is locality 6
of Pavlides. (1968). The following ages are assigned:
localities 17, 18, 19, and 20, Ashgillian; locality 21;
Early Llandoverian (zone 18); locality 22, probably
As~gillian (zone 15); locality 23, Caradocian (zone 13):
locality 24, Early-Middle Llandoverian; locality 25,
Late Ordovician-Early Silurian; locality 25, Ashgillian-
Early Llandoverian.
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and facies relationships of the Carys Mills Formation.
The Carys Mills is one of three formations comprising the
Meduxnekeag Group. The formation is underlain by the
Chandler Ridge Formation (slate and graywacke) and is
overlain by the Burnt Brook Formation (slate) (Pav1ides,
1965b, 1968). Of these three units; only the Carys
Mills Formation has been recognized north of the
Bridgewater quadrangle.

Pav1ides (1968) designated the vicinity of the
community of Carys Mills (Houlton quadrangle) as the
type area.of the formation.
'Lithology

Pav1ides (l965a) describes the unit as consisting of
a variety of rock types, but indicates that

.....it is chiefly buff-\'leathered,'gray to blue lime-
stone irregularly inter1ayered with gray to gray-

.green slate. On weathered outcrops and in outcrops
in stream beds, the limestone layers are commonly
more deeply eroded than the slate interbeds. This
differentia1.erosion imparts a pronounced ribbed
appearance to such outcrops; hence they have-been
various ly described as 'ribbon rock " and 'ribbon
limestone'. Calcite, locally derived from the limy
rocks during deformation, commonly is present in
irregular veinlets or sometimes along cleavage. The

.slate interbeds generally have few, if any, of these
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calcite veinlets because the slate was more plastic
during deformation (slate-intruded cleavage in lime-
stone layers at several places) and less prone to
open fracturing than the more brittle limestone layers
••••Thin, intricately contorted, nearly pure calcite
veinlets that crosscut bedding are also present ••••
Ribbon rock can be classed as thin bedded or thick
bedded, depending upon the thickness of individual
layers of limestone and slate. Thus, thin-bedded
ribbon rock is composed of limy layers 0.5 to 1.0
inch thick which are commonly separated by slate
.layers 0.5 inch thick or less. Thick-bedded ribbon
rock consist~ of limy layers 0.5 foot thick or more,
separated by slate layers several inches or more
thick. There are all gradations of ribbon rock
between thick-bedded and thin-bedded varieties and
such gradational types make up the bulk of this
lithology •II

. Pavlides further notes that the limestone beds may be
divided into two types: quartzose limestone and quartz-
free limestone. In the former type, the quartz is concen-
trated in silty laminae which stand out in higher relief
upon weathering. Cross-lamination and convolute lamina-
tion are frequently observed in these quartz-rich beds.
The relatively quartz-free type of limestone "•••occurs
as massive and dense gray-blu~ layers that have slate
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interbeds; such ribbon rock is commonly thick bedded
rather than thin bedded. Th~.limy.~eds may be calcar-
eous argillite, argillaceous limestone, or limestone.
Some of the more dense limy rocks break with a subcon-
choidal fracture" (Pavlides,l965a). In fresh exposure
the two limestone types are difficult .to distinguish,
but even moderate \'leatheringis sufficient to delineate
the silty laminations.

Pavlides has mapped lenticular slate and slate-
graywacke bodies which appear to be within the Carys
Mills or near the top of the formation in the Bridgewater
quadrangle. Such lenses have not yet been mapped in
the region of Plate I,but the grayvlacke-slate-limestone
sequence at fossil locality 23 along Maine Route 161
near Colby may represent part of such a lens.
Lower Contact

The lower contact of the 'Carys Mills has not been
recognized in the area of this study, but Pavlides (1965a)
has mapped the contact with the underlying Chandler Ridge
Formation in the Bridgewater quadrangle.
Thickness

In the Bridgewater quadrangle, Pavlides (1965a)
found the Carys Mills to vary considerably in thickness.
He estimated that in the eastern part of the quadrangle
the formation is at least 12,000 feet (3800 m) thick, but
in the northwestern part of the quadrangle, where it
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ovel~lies the Chandler Ridge Formation, a minimum thickness
of 1500 feet (470 m) is present. No reliable basis for

estimating the thickness in the region of Figure 1 is
thus far available, but the.unit is presumed to be thick
'(Boucot, et al. t' 19G4a) ~

Age
The reader is referred to Pavlides (1968) for a

detailed discussion of Carys Mills relationships. Table 3
(localities 21, 22, 23, and 25) gives the paleontologic
data available from the region of Plate I and from the
vicinity of Siegas, New Brunswick.

As summarized by Pavlides, the ,paleontologic data

indicate: that"the Carys Mills ranges from Caradocian
(zone 13) of the Ordovician to Early Llandoverian (zone 19)
of the Silurian. Rocks of zone 19 age have been docu~
mented in the formation near Smyrna 'Mills in the Houlton
quadrangle (Pavlides, 1968); the youngest, dated Carys
Mills in the area of this study is at locality 21, from
which -the writer collected a graptolite that W. B. N.
Berry (persona~ corcununication, 1965) places' in zone 18

of tile Early Llandoverian.
AROOSTOOK RIVER FORMATION

Name and Distribution
The name Aroostook River Formation is here proposed

for a sequence of slate and sandstone in the core of an
unnamed anticline north of Ashland. Strata assigned to
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this unit have been previously included in "G.le"Sheridan
SandstoneU ofvlilliams and Gregory (1900) anq the "Ashl~nd
Shales" as defined by Twenhofel (1941).

outcroppings of the formation along the Aroostook
River petween the mouths of Alder and Brown brooks are
designated as type exposu~es (Figure 9). No .complete
section is exposed,but extensive exposures of the unit
are present at DR 796, DR 798, and fossil locality 26
(Figure 9); the first is a high cliff exposure just below
the mouth of Alder Brook, and the last two are river-
bank outcrops that are visible only at low water.
Exposures at DR 798 and locality 26 show the gradational
contact between the Aroostook River and Frenchville
formations.
Lithology

Most of the Aroostook River Formation consists of
dark-gray to green-gray, fracture-cleaved, calcareous
slate that is thinly interbedded with fine calcareous
sandstone and-coarse siltstone. Interbedded with these
rock types is medium to coarse sandstone; beds of this
coarser sandstone are from 1 inch (2.5 cm) to 12 inches
(30 cm) thick and may form up to 50 percent of the
section locally.

Slate. The slate is very fine grained; it consists
of a chlorite-sericite-carbonate "matrix" in which
angular silt-size quartz, feldspar, and white mica are
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Figure 9: Geologic map of tilearea around and north of
Frenchville. This region is designated as the type area
for the Aroostook River Formation and the graywacke,
conglomerate, and feldspathic sandstone members of the
Frenchville Formation. Dotted lines outline cleared
areas and dot-dash lines are 'farm or lumbering roads.
Geologic symbols are shown in Plate II.
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widely disseminated. Only a faint orientation of the
matrix argillaceous material parallel to bedding is
observed; commonly near the larger detrital grains a
thin zone of this material is oriented parallel to the
grain boundaries. The silt~size mica flakes are
oriented parallel or subparallel to bedding •. The macro-
scopic fracture cleavage is evide~t microscopically as
curvilinear, anastomosing zones (0~003 romwide) of
oriented argillaceous material. These zones cross the
bedding at a high angle.

The slate may have no macroscopic bedding features,
or may contain persistent and discontinuous quartz-
carbonate fine siltstone laminae less than I rom thick, as
shown in Figure 10.

The upper contact of the Aroostook River with the
overlying graywacke member of the Frenchville Formation
is placed above the highest slate bed at fossil locality 26
and DR 798.

Fine Sandstone and Siltstone. Figure 10 illustrates
typical macroscopic features observed in the fine sand-
stone and siltstone beds. These beds are commonly less
than,l.S inches (4 cm) thick, are light gray or "salt-
and-pepper" in color, and are thinly laminated. The
tops of many beds display a ripple morphology with simple
foreset or "chevron" lamination. The parallel-laminated
phase of th'esebeds is of fine sand or coarse silt size;
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Figure 10: Sawed specimen of typical slate and fine
sandstone of the Aroostook River Formation. Note the
silty laminations in the pelitic phases and the ripple
morphology of the upper part of the largely parallel-
laminated fine sandstone bed.
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the upper rippled phase commonly consists of fine to
medium silt material. Some of these,beds are complexly
rippled throughout; one such bed with ripple-drift
lamination is shown in Figure 11. Complex bed morphology,
of uncertain origin, characterizes some of the beds that
are entirely siltstone.

A modal analysis of the fine sandstone bed in the
middle of the specimen shown in Figure 10is given in
Table 4 (analysis 3). This bed is essentially composed
of quartz, argillaceous material, and carbonate. The
argillaceous component is concentrated in the dark
laminae and is compositionally very similar to the
~rgillaceous phase of the slate interbeds •

.Medium and Coarse Sandstone. Medium and coarse
calcareous sandstone beds interlayered with the rock
types just discussed are commonly graded and many display
internal layering which may be classified according to
Bouma's turbidite mod~l (see Figure 8). Parallel lamina-
tion ("interval B"), with and without observable grading,
characterizes most of the beds seen by the writer. A
thin "massive" A interval, coinmonly containing a high
proportion of pelite clasts,'is seen in many of the beds
below the interval of lamination. A C interval of cross-
lamination is commonly present but generally poorly
defined. The upper portion of interval B is typically
fine sandstone, and interval C is entirely silt-size or
finer.
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Analysis Number
Component 1 2 .3

Quartz 24.1 38.0 21.1
Plagioclase Feldspar 6.2 7.4 7.6
Potassium Feldspar
Detrital Mica 0.2 1.0
Pyroxene Tr
Sphene (?) .6

.Argillaceous Matrix. 12 •.3 15 •.2 39.5
Secondary Carbonate 12.7 16.4 22.8
Opaque 1.6 "2.6 3.8
Micrographic Qtz-Fe1d .4
Fine-grained Mafic Rocks 13.8 7.2 3.2
Fine-grained Felsic Rocks 6.8 6.4 0.8
Chert and "Cherty" Rocks 4.3 3.8
Sericitic Fragments 2.0 1.0
Pelite Fragments 9.8 0.6
Sandstone 0.8
Detrital Carbonate 2.6 0.2
Fossil Fragments
Misc.
Unidentified 2.0 1.2 0.2
TOTAL 100.0 . 100.0 100.0
Composite Qtz-Feld 0.2 0.6
Composite Feld-Qtz 1.2 0.6 0.4
Composite Feldspar - 0.4 0.2
Composite Quartz 3.5 5.0 0.8
Calculated Parameters

A 34.2 58.8 64.6
B 8.8 11.5 23.2
C 57.0 29.7 12.2
D 33.9 58.8 62.8
E 7.1 9.9 21.3
F 59.0 31.3 15.9
G 36.5 65.3 79.8
H 2.7 1.7 4.7
I 60.7 33.0 15.5

TABLE 4
Modal Analyses of Sandstones from the

Aroostook River Formation
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Figure 11 shows an a-inch (22-cm) bed of 'medium
sandstone considered typical of the coarser sandstone.
The angular pelite fragments at the base of the bed
are macroscopically identical to the interlayered slate.
These pelitic fragments'suggest that erosion of the
bottom took place during the formation of the sand-
stone bed, and t..~atthe underlying pelite had appreciable
cohesive strength.

Analyses 1 and 2 of Table 4 are from tl1e basal
portions of two different sandstone beds. Argillaceous
matrix content is appreciably lower in these samples than
in the fine, laminated sandstone; thi.s difference is
consistent \'lith the usual observation that the matrix

.content of gray"'lackes varies inversely ;.;i"tJ.~ median
grain.'size (Dzulyl1ski and Walton, .1965). Fine-grained
mafic and felsic volcanic rocks and chert comprise the
major portion of the rock fragments present in the
sandstones, with pe1ite fragments also significant in
analysis 1. The slate fragments are very similar
microscopically to the slate interbedded \..,iththe sand-
stones.

At locality DR 797 on the \..,estbank of the Aroos-
took River (see Figure 9) is a poorly exposed sequence that
is included in the Aroostook River Formation. At 1m..,

water, a poorly cleaved, highly jointed, sandy and pebbly
slate with massive sandstone interbeds is visible. The
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Figure 11: An 8-inch (22-cm) medium-grained sandstone bed,

sawed perpendicular to the bedding, illustrates features

common to most of the coarser sandstone beds observed in

the Aroostook River Formation. Relatively large (1-2 cm)

pelite fragments are present in a poorly stratified basal

interval (A); a laminated interval (B) forms most of the

bed; and an upper cross~aminated interval (C) with a poorly

defined upper boundary is evident. A complexly rippled

siltstone bed is shown at the right end of the specimen

and stratigraphically below the sandstone bed.

110



sandstone beds are 1-4 feet (O.3-1.3 m) thick, and some
,appe~r to be offset along fractures parallel to the
jointing. Other sanclsi:oneoo"masses II do not appear to be

continuous beds, but are "rounded" and surrounded by

the sandy and pebbly slate. The exposure is too poor

to determine tile exact geometry of these sandstone masses,
the

and their relations to ! more bedded sandstone remains
obscure. Theo sandstones at DR 797 are similar to those
found elsevlhere in the Aroostook River Formation, but
the sandy and pebbly slate is atypical.
LO\ver Contact

The base of the Aroostook Rivero Formation has not
been observed.

Approximately 2500 feet (760 m) upstream from
locali ty DR 796 is a large exposure (DR 7905) 0 on the
west bank of the river that is assigne~ on lithologic
grounds to the o.Hada\~askaLake Formation (Figure 09) •

Although there are a few similarities in appearance
between the strata of the Hada\'1askaLake and Aroostook
River formations, clear and fundamental distinctions
allpw them to be differentiated:

(1) The Aroostook River Formation contains
abundant medium and coarse sandstone,oas described
above, which shovls characteris tic lamination and com-

oposi.tional feat.ures not observed in the Hada,.,aska Lake.
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(2) The siltstone and fine sandstone of the Aroos-
took River Formation are typically more abundant, coarser
grained, and display thicker lamination than similar beds
in the Madawaska Lake Formation.

(3) The slate beds of the Aroostook River are
calcareous, a property seldom observed in the Madawaska
Lake.

The structural attitude and common east top-facing
direction in the two,exposures suggest that the Aroostook
River overlies the Madawaska Lake. The possibility of
faulting between the two exposures cannot be ruled out,
but, given the available data, the interpretation of
superposition is the 'simplest, and is compatible with
present paleontologic and regional stratigraphic information.
Thickness

If'the inferred relat~onship of the Aroostook River
to the Madawaska Lake Formation discussed above and shown

Iin cross-section C-C of Plate III is correct, then a
thickness of 2000 feet (610 m) may approximate the total
thickness of the formation.

'Locality 26 (Table 3) is the only exposure that
has provided paleontologic data for the Aroostook River
Formation. BOllcOt (personal communication, 1966) places
the brachiopod assemblage in the age span of Ashgillian
to Early Llandoverian based on the presence of P1ectothyre1la
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and Cryptothyre~la and suggests that 1I •••• it is somewhat
reminiscent of the Siegas material bu~ in the absence of
stricklandid brachiopods one could not be sure of a
Lo\~erLlandovery assignment. n The Siegas material
ref~rred to by- Doucot is an MIT collection from the
"Siegas Quarryll\'lhichhas been described by him (Ayrton,
et al., 1969) and to which he:~has assigned an Early
Llandoverian age.

The gradational contact of the Aroostook River
Formation with the overlying Frenchville Formation suggests
that an Early Llandoverian age is likely.
STRATIGRAPijIC RELATIONSHIPS

,The Winterville, Madawaska'Lake, and lower Carys
.Hills formations are known to be coeval (Caradocian-

Ashgillian). In the northern part of the area, the
Winterville lies to the w'est (northt-lest)'and the Carys
Mills to the east (southeast) of the Madawaska L~~e. To
the south, between Ashland and Presque Isle, a complex
distribution. pattern is present and the relationships are
largely obscured by younger rocks i hovleverI \'lith the
possible exception of relations in the area.between the
Castle Hill and Mapleton anticlines (Plate I), the Madawaska
Lake appears to remain in a position intermediate betwen
the other two units.

The physical character of the transiti.ons between
these distinctive Ordovician lithofacies cannot be assessed
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rrhc relations of the \vinterville and Carys Hills

bet\'leenthe Castle Hill and 'flu.ple.tonnnticlincs, are
concealed by an intervening syncline containing Silurian
rocks (Figure 4). Much, if not all, of the Carys nills
in the' core of the Mapleton Anticline is probably of
Ashgillian-Early Llandoverian age, as suggested by fossil
localities 21 ci'nd22, and is, therefore, largely younger
than the Hinterville of the Castle Hill Anticline. Thus,
it is quite possible that.the Madawask~ Lake (or similar)'
facies is present;;,,.in the subsurface, bet\'1eenthe l'Jinter-
ville and the lower Carys Mills, but direct evidence for
its presence is lacking.

The Pyle Hountain l\rgillite (l\shgillian) of the
Castle Hill Anticline is coeval with a portion of the
Carys 1:1il15to the east, ,and probably also with the
younges t phases of the. \'lintervi lIe and Nadalvaska Lake.
The'lithologic similarity'of slaty parts of the Pyle
1.1ountain to the Hadawaska Lake is further support for the
correlation of these t'l:!Ouni ts.

The Aroostook River Formation is inferred to oVDrlie
the !.ladavIClskaLake Formation in the Frenchville area. The
nature of the contact is unkno\1n, but the gross 1i tholo9ic
similarities of the formations sug,9cst that a gradational
contact is present. The probable Early Llandoverian age
of the Aroostook River places it as an equivalent of both
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the Carys Hi.lls Formation and the Siegas Formation of
Hamilton-Smith (1969). The Carys Mills and Aroostook
River are separated, bebdccn Frenchville and t1apleton

(Figure 4), by terrain in .which EarJ.y Llandoverian

strata are absent; these units may, hO\"evcr, interfin9cr

in the subsurface between Frenchville and Perham to the
northeast.
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ROCKS OF HIDDLE LLANDOVERIAN-EARLY "lENLOCKIAN AGE

FRENCHVILLE FOill1ATION

Name and Distribution
Boucot, et ale (l964a) applied the name 1,~Frenchville

Formationll to a sequence of sandstone and conglomerate
that had previously been called the "Sheridan Sandstone"
by \'1illiamsand Gregory (1900) and "Sandstonell by \'1hite
(1943). Red, green, and gray slates have been reported

by these previous workers as forming minor parts of the
unit locally.

The present writer h~s divided the formation into
five complexly interrelated menlbers:

(1) Graywacke member
(2) Conglomerate me~er
(3) Feldspathic sandstone member
(4) Sandstone-slate mewber
(5) Quartzose sandstone member
The distribut.ions of these members is shO~'lnin

Figure 4. The first three merrbers comprise the formation
in its type area (Boucot, et al., 1964ai see Figure 9)
\'11 th the graywa.cke member at the base, overlain in
succession by the conglomerate and feldspathic sandstone
members. The conglomerate I11embercomprises the entire
formation along much of the \'lesternflank of the Stockholm
l1ountain.Syncline. The quartzose sandstone member,
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inferred to be a lateral equivalent of both the con-
glomerate and sandstone-slate members, is present along
both flanks of the syncline in the vicinity of Stockholm.
The sandstone-slate member is an extensive facies lying
generally between the cong~omerate and feldspathic
sandstone members and the more eastern New Sweden
Formation.

Tpe type area for the graywacke, conglomerate, and
feldspathic sandstone members is the area between Maine
Route 127 and the Aroostook River near the village of
Frenchville (Figure 9). The type area for the sandstone-
slate member is between Castle Hill and the Aroostook
River to the north (in the northward plunge of the
Castle Hill Anticline), with fossil locality 43 providing
the best exposure; west of the Story Hill Fire Tower
and in the vicinity of fossil locality 44 are additional
good exposure~ of the member. The quartzose sandstone
member is best exposed along the railroad tracks in and
north of the village of Stockholm, including fossil
localities 37-41.
Lithology of the Gra~~acke Member

The best exposures of "this"member are at fossil
locality 26 and DR 798 (Figure 9), where it conformably
overlies tileAroostook River Formation. Thin- to thick-

2bedded I green-gray to green, medium and coarse lithic

2Laminae (1-3 rom);thin-bedded (0.3-30 em); medium-bedded
(30-100 em); thick-bedded (excess of 1 meter).
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graywackes form most of the unit. Much less thin- to
medium-bedded pebble conglomerate is present locally.
No pelitic beds have been observed.

Except for the conglomerate beds, compositional
and textural variations within the unit are not great.
It is not clear whether bedding planes seen in the
larger exposures of the unit define ~eparate sedimen-
tation units or were developed subsequent to sedimenta-
tion. Within any given sandstone bed, the texture is
macroscopically homogeneous; if present, granule- and
pebble-size fragments are widely and randomly scattered
throughout. Elongate pebbles in the conglomerates
are commonly subparallel or parallel to the bedding.
Microscopically, elongate detrital fragments i~ the
sandstones tend to parallel beddingw Lamination or
'other internal structuring within the sandstone beds
,has not been observed.

Modal compositions of typical sandstones from the
graywacke member are shown in Table 5 and plotted in
the triangular diagrams of Figure 12. The sandstones
are lithic graywackes of limited compositional variation.
Modal quartz ranges from 12 to 25 percent; plagioclase
feldspar varies between 15 and 20 percent, with potassium
feldspar absent. Felsic rock fragments are consistently
more abundant than mafic varieties; composite grains
form between 7 and 14 percent of the rocks and are
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Analysis Number
Component .4. 5 6 7

Quartz 12.6 20.7 23.2 13.4
Plagioclase Feldspar 20.6 15.8 19.5 18.8
Potassium Feldspar
Detrital Mica 0.6 1.4 0.6 2.2
Pyroxene Tr
Sphene (?)
Argillaceous Matrix 30.4 21.9 16.3 30.6
Secondary Carbonate 0.2 3.6 1.2
Opaque 6.4 3.8 2.0 1.0
Micrographic Qtz-Fe1d 0.2 5.6 0.6 0.2
Fine-grained Mafic Rocks .9.6 2.6 5.8 11.2
Fine-grained Felsic Rocks 10.8 3.6. 12.4 14.2
Chert and "Chex-ty" Rocks 2.8 12.2 8.4 1.8
Sericitic Fragments 4.8 4.4 5.8
Pelite Fragments 5.0 2.6
Sandstone
Detrital Carbonate 0.2
Fossil Fragment:
Misc.
Unidentified .1.0 3.6 3.0 0.8
TOTAL 100.0 100.0 100.0 100.0
Composite Qtz-Feld 1.6 2.6 1.0 2.2
Composite .Fe1d-Qtz 2.8 1.8 2.2 3.0
Composite Feldspar 1.6 1.0 1.8 2.4

.Composi te Quartz ...1.0 3.2 4.0 1.8
Calculated Parameters

A 20.5 31.6 30.3 20.5
B 33.6 24.0 25.3 28.7
C 45.9 44.4 44.4 50.8
D 17.9 27.7 29.0 14.1
E 26.4 19.8 20.1 20.5
F 55.7 52.6 50.9 52.4
G 24.3 34.5 36.3 21.5
H 13.7 20.8 9.1 15.0
I 61.9 44.7 54.6 63.5

TABLE 5
Modal Analyses of Sandstones from the

Graywacke Member of the Frenchville Formation
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Analysis Number
.Component 8 9 X (f'

Quartz 21.3 24.0 19.2 5.0
Plagioclase Feldspar 18.5 19.6 18.8 1.6
Potassium Feldspar
Detrital Mica 0.8 1.6 1.2 0.6
Pyroxene Tr
Sphene (?)

.Argillaceous Matrix 27.4 l7~4 24.0 6.4
Secondary Carbonate 0.8 1.8 1.3 1.3
Opaque 2.8 '0.4 2.7 2.2
Micrographic Qtz-Feld 1.6 2.8 1.8 2.1
Fine-grained Mafic Rocks 5.6 8.2 7.2 3.1
Fine~grained Felsic Rocks 9.8 9.0 10.0 3.6
Chert and "Cherty" Rocks 6.6 7.6 6.6 3.8
Sericitic Fragments 2.5 2.8
Pelite Fragments 2.8 4.2 2.4 2.1
Sandstone
Detrital Carbonate .0.1
Fossil Fragments
1-1isc.
Unidentified 2.0 3.4 2.3 1.2
TOTAL .100.0 100.0 100.0
Composite Qtz-Fe1d 1.0 1.6 1.7 0.6
Composite Feld-Qtz 2.0 3.2 2.5 0.6
.Composite Feldspar 1.2 3.6 1.9 1.0

.Composite Quartz 3.0 5.0 3.0 1.4
Calculated P2.rameters

A 32.2 31.8 28.0
B 27.9. 26.0 27.4
C 39.9 42.2 44.5
D 30.7 29.7 25.5
E 23.1 17.0 21.0
F 46.2 53.3 53.4
G 39.9 35.8 32.3
H 11.4 17.9 14.6
I ...48.7 46.3 53.0

TABLE 5 (Cant)"
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subordinate ~n abundance to the fine-grained igneous
rocks. Abundant argillaceous matrix (16-31 percent) and
relatively abundant slate and sericitic fragments are
distinctive features of these sandstones~ Except for
scattered trace:'occurrences in sandstones of the overly-
ing conglomerate member, the sericitic fraqments appear
to be restricted to this member.
Lithology of the Conglomerate Member

Overlying the graywacke member on the flanks of
the. anticline west of Frenchville is a succession of
sandstones and pebble conglomerates. This sequence
is here designated the conglomerate member of the
Frenchville. The best exposures of this member are
found in the area shown in Figure 9, but numerous
outcrops of the unit may be found between Ashland and
Frenchville in the fields and wood5a1ong Maine Route
227.

In the vicinity of Frenchville the exposed section
of the member consists of approximately 75-80 percent
conglomerate, 20-25 percent sandstone, with slate and
pebbly slate comprising no more than one or two percent.
These figures are about correct for the Ashland area
except that the conglomerate proportion may be slightly
higher. Along the western flank of the Stockholm
Mountain Syncline the outcrop population within the
member suggests that the section may be closer to 50
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Figure 12: Triangular com~osit~on diagrams for the
graywacke, conglomerate, and feldspathic sandstone members
of the Frenchville Formation. Components included at

.each pole of the diagrams are shown in Table .1. The ABC
diagram is used to determine rock names used in the text.
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p~rcent sandstone. The small size of many of the exposures
and their nonuniform distribution make these estimates
crude at best; the resistant character of the conglomerate
beds probably results in an overestimate of their abundance
at the expense of sandstone. Slate may be much more
abundant, but only a few exposures of this rock type. have
been seen. Near the inferred zone of interfingering of
the conglomerate member with the sandstone-slate member,
an increase in both slate and sandstone content may occur.

Conglomerate. The best'exposure of the conglomerate
rock type. is at DR 764 on the Aroostook River (Figure 9) •
There, medium to massive beds of pebble roundstone con-
glomerate are interlayered with much less medium and ,coarse
lithic sandstone. The contacts between the conglomerate
and sandstone beds are commonly gradational. Apparent
graded bedding3 is present' in two beds; one of these and
the base of second is pictured in Figure 13. The two
graded beds are separated by a sharp erosional (?) interface.

Aside from the grading observed .at DR 764, the only
other fabric features of the conglomerates in the member
are pebble orientations parallel or subparallel to bedding
and variations of the pebble/matrix ratio producing inter-
nalstratification in some beds. No imbrication, cross-
stratification or channeling has been observed.

3All determinations of internal and external structures
of sandstone and conglomerate beds reported here are
based on field observations unless otherwise indicated.
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Figure 13: Apparently graded beds in the conglomerate

sequence at DR 764 (Figure 9). Hammer is 12.5 inches

(31.3 cm) long.
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Field estimates of the composition of the conglomerate
at DR 764 are shown in Table 6 (DR 764-1 and DR 764-11).
~lO important features of the pebble conglomerates are
illustrated:

(1) A matrix of sandstone (graywacke) forms a large
part of the beds. At DR 764, about 40 percent of the
rock is matrix sandstone; similar analyses from other
exposures (Table 6) suggests that the matrix content of
the conglomerates may approach 60 percent. The conglomer-
ates, therefore, range from orthoconglomerates (intact
frameworks; 50 percent or less matrix) to paraconglomerates
(disrupted frameworks; 50 percent or more matrix) in the
classification of Pettijohn (19S7).

(2) A dominance of fine~grained igneous (volcanic)
rocks and chert is found in the pebbles. All of the field
analyses as well as visual estimates from other outcrops
suggest a preponderance of felsic rocks comprising the
volcanic pebbles (felsic/mafic ratio in the field analysis
is 1.2-7.7).

Four thin-section analyses of conglomerate beds are
given in Table 7. These analyses are not strictly com-
parable to the field analyses since sand-size matrix
betvleen the pebbles is not differentiated. In addition,
these thin-section results cannot be considered fully
representative of the sampled beds because the size of
the sections is small relative to the grain sizes present.
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Analysis Number
.Component 25 .26 27 28

Quartz 5.8 4.4 18.8 5.8
Plagioclase Feldspar 11.4 1.4 1.8 9.4
Potassium Feldspar
Detrital Mica 0.2
Pyroxene Tr
Sphene (?) 0.2
.Argillaceous Matrix 13.6 2.8 10.8 10.6
Secondary Carbon~te 1.8 0'-2 -
Opaque 2.6 0.2 0.4 0.4
Micrographic Qtz-Feld 0.2 0.6 0.1 1.0
Fine-grained Mafic Rocks 22.8 24.6 31.7 53.2
Fine-grained Felsic Rocks 30.2 47.4 26.2 17.0
Chert and "Cherty" Rocks 7.2 16.0 9.0 0.2
Sericitic Fragments
Pelite Fragments 1.4 2.2 1.8
Sandstone
Detrital Carbonate 2.6
Fossil Fragments 0.2 0.2
Misc.
Unidentified 0.2 1.2 0.2
TOTAT.J .10.0.0 100.0 100.0 100.0
Composite Qtz-Feld 0.4 0.2 0.2 2.8
Composite Feld-Qtz 0.4
Composite Feldspar 0.4 0.4
Composite Quartz 2.8 2.6 11.0 1.8
Calculated Parameters

G 7.6 4.4 21. 7 3.5
H 2.0 . 1.3 0.4 11.3
I 90.4 94.4 77.9 85.1

TABLE 7

Modal Analyses of Conglomerates from the
Frenchville Formation

Analyses 25, 26, 27, and 28 are from the conglomerate member
and analysis 29 is from the quartzose sandstone member.
Averages and standard deviations apply to conglomerate
member samples.
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Analysis Number
Component X (J 29

Quartz 8.8 6.8 26 ..8
Plagioclase Feldspar 6.0 5.1 14.4
Potassium Feldspar
Detrital l-1ica 0.1 0.4
Pyroxene
Sphene (?) 0.1 0.2
Argillaceous Matrix 9.4 4.6 8.8
Secondary Carbonate 0.5 0.9 1.2
Opaque 0.9 1.1
Micrographic Qtz-Feld 0.5 0.4 4.4
Fine-grained Mafic Rocks 33.1 14.0 29.0

.Fine~grained Felsic Rocks 30.3 12.7 11.8
Chert and "Cherty" Rocks 8.1 6.5 0.8
Sericitic Fragments
Pe1ite Fragments 1.3 1.0 0.6
Sandstone
Detrital Carbonate 0.6 1.3 1.2
Fossil Fragments 0.1 0.1
Misc •

.unidentified 0.4. 0.5 0.4
TOTAL .100.0 100.0
Composite Qtz-Fe1d 0.9 1.3 5.8
Composite Fe1d-Qtz 1.5 2.8 7.2
Composite Feldspar 0.2 0.2 0.2
Composite Quartz .4.•5 4.3 2.2
Calculated Parameters

G 25.6
H 21.5
I 52.9

TABLE 7 (Cont)
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The thin-section results are presented to.give a rough
approximation of the conglomerate composition which can

I

be compared with the results for sandstones presented
belot'l.

The thin-section results,are in general agreement
with the field analyses of Table 6. An abundance of
volcanic rock fragments and chert is a principal feature,
with composite grains low in amount. The felsic/mafic
ratio ranges from O~32 to 1.92. These lower ratios
reflect the inclusion of lithic fragments from the sand-
sized matrix; interbedded sandstones of the conglomerate
member aeneral1y have a preponderance of mafic fragments
(see below) •

Limestone fragments are not commonly abundant in tile

conglomerates. Isolated pebbles and cobbles of aphanitic
limestone and coarser grained, commonly crinoida1, lime-
.stone are seen in some exposures. The conglomerates
exposed at fossil locality 31, and in 'other outcrops
nearby, are exceptionally rich in liqht-gray, coarsely
crystalline, limestone fragments. Coral fragments,
crinoid columnals, and shell fragments are also mixed
with the volcanic rocks and chert.

Conglomerates of markedly different aspect are also
present at two places along the western flank of the
Stockholm Mountain Syncline northeast of Madawaska Lake.
The first is the exposure at fossil locality 32 near
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Mada\'laskaLakei the second is a series of exposures
interpreted to represent a lenticular conglomerate body
near Collins Siding northeast of the lake (see Plate I).

At fossil locality 31, beds of pebble and cobble con-
glomerate composed of abundant limestone and slate
fragments are interlayered in a sequence of pebbly lithic
graywacke. The limestone fragments are dark gray, brown
weathering, finely crystalline, and argillaceous. Light-
gray and white, more coarsely crystalline limestone clasts
are also present. The limestone pebbles and cobbles are
angular, commonly tabular and oriented parallel or nearly
parallel to the bedding plane. Olive~green slate, green
and green-gray chert, rounded fine-grained felsitic and
mafic rocks, siltstone, and fine sandstone pebbles are
mixed with the limestone. The olive-green slate clasts
of cobble size are cleaveq, and one fragment was observed
to have light-gray, rusty~weathering siltst9ne lamina-
tions; these slate fragments and ~hose of limestone are
lithologically very similar to the rock types of the
Madawaska Lake Formation exposed in the qua~ry just north
of Nadawaska Lake itself (see discussion on page 88 )•

-The lenticular (?) body of the conglomerate member
within the quartzose sandstone member just northeast of
Collins Siding (Plate I) is best exposed along the crest
of the northeast-trending ridge immediately southeast of
the railroad tracks. In these conglomerates cream-colored
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quartz-feldspar-biotite pebbles form up to 25 percent of
the clasts; the remaining volcanic and chert pebbles are
typical of those found in other Frenchville conglomerates.
~he light-colored fragments are composed of single and
polycrystalline phenocrystp of plagioclase and altered
biotite in a dominant fine-grained matrix of micrographic-
ally intergrown quartz and potassium feldspar. These
fragments have the general texture and composition of
granophyre.

The matrix in the conglomerates near Collins Siding
consists of medium-grained, quartzose lithic graywacke
containing rounded quartz and granophyre grains.

Sandstone. Sandstones of the congl~merate member are
poorly sorted, compositionally immature, lithic gra~vackes
and, less commonly, lithic arenites. Feldspathic gray-
wacke and quartzose feldspathic arenite have been ob-
served but appear to be minor in abundance.

Texturally, sandstones from the conglomerate member
are medium- to coarse-grained and of homogeneous appear-
ance. A bedding fabric caused by orientation of pe1ite
and other lithic fragments or variations in lithic fragment
concentration is present at some exposures. Most of the
sandstones are poorly sorted,and there is a continuous
spectrum from lithic.through pebbly sandstone to pebble
conglomerate.
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Modal analysis of typical sandstones from this member
are given ip Table B •. Though. the sandstones are quite
variable in composition, some general features are evident:

(1) Most of the sandstones are lithic graywackes
with maximum matrix uclay" content of about 31 percent.

(2) With one exception (analysis 15), mafic volcanic
rock fragments exceed those of felsic composition; the
felsic/mafic ratio varies from zero to 1.7 and averages
'0.19.

(3) Side-counted composite grains constitute less
than 11 percent of the rocks. Micrographic quartz-
feldspar is, however, important in two.of the sandstones
analyzed; a few of these micrographic grains contain
biotitecrystallites.

(4) Potassium feldspar is absent, or is present in
only trace amounts.

with the exception of analysis 21, the compositions
of the sandstones fall into a broad, but well defined,
field in the ABC plot of Figure l2A. The analyses of
.theunderlying graywacke member form a small field near
the center of the distribution for the conglomerate
membe.r. It is possible that the field of the conglomerate
member extends into the quartzose feldspathic sandstone
area of the diagram as suggested by analysis 21, but thus
far quartzose sandstones have proven to be very scarce in
the member.
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Analysis Number
Component 10 11 12 13

Quartz 5.9 14.4 8.0 25.3
P~agioclase Feldspar 15.9 15.8 10.2 16.9
Potassium Feldspar 1.8
Detrital Mica 0.4 1.0
Pyroxene 2.9 2.2 Tr
Sphene (?)
.Argillaceous Matrix 20.4 20 •.4 14.2 30.4
Secondary Carbonate 1.8 3.4 1..0
Opaque 0.2 0.4 0.8 0.8
Micrographic Qtz-Feld 8.1 8.2 1.8 0.6
Fine-grained Mafic Rocks 37.1 23.3 40.4 15.1
Fine-grained Felsic Rocks 10.1 5.0 4.6
Chert and "Cherty" Rocks 6.1 1.8 12.6 0.6
Sericitic Fragments 2.3
Pe1ite Fragments 0.2 .0.2 2.4 0.8
Sandstone
Detrital Carbonate 0.2
Fossil Fragments 0.2
Misc.
Unidentified 1.4 1.4 0.6 0.4
TOTAL .100.0 100.0 100.0 100.0
Composite Qtz-Feld 0.2 2.2 0.6 2.3
Composite Feld-Qtz !0.2 2.2 2.3
Composite Feldspar 0.8 1.6 1.4
Composite Quartz 2.6 NC 0.8 3.2
Calculated Parameters

A 8.0 19.0 10.0 38.1
B 21.7 23.2 12.7 25.5
C 70.3 57.7 77.4 36.4
D 7.8 16.1 9.2 34.6
E 20.3 18.2 12.7 19.9
F 71.9 65.7 78.1 45.5
G 9.8 19.7 10.5 43.2
H 15.9 22.9 3.4 12.4
I 74.3 57.4 86.0 44.4

TABLE 8

Modal Analyses of Sandstones from the
Conglomerate Member of the Frenchville Formation
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Analysis Number
Component 14 15 16 17

Quartz 8..5 25.7 25.3 32.9
Plagioclase Feldspar 27.0 11.2 10.4 30.1
Potassium Feldspar
Detrital Mica 0.2 1.6 0.2
Pyroxene 0.2 1.2
Sphene (?)
Argillaceous Matrix 5.5 18.3 14.2 7.6

.Secondary Carbonate 2.2 1.4 3.4
Opaque .2.2 6.8 0.2 0.4
Micrographic Qtz-Fe1d. r:: -: :~_ 1.A 1.1 3.8

.Fine-grained Mafic Rocks 39.0 4.4 6.6 7.8
Fine-grained Felsic Rocks 2.0 7.6. 6.4 2.6
Chert and "Cherty" Rocks 1.6 9.0 15.0 8.8
Sericitic Fragments
Pelite Fragments 1.2 8.8 10.2 1.4
Sandstone 0.4 1.6 1.2
Detrital Carbonate 1.4 3.4
Fossil Fragments
Misc. 0.2
Unidentified .0.4 2.0 1.8 2.2
.TOTAL 100.0 100.0 100.0 100.0
Composite Qtz-Fe.ld 1.0 1.2 0.6 1.4
Composite Fe1d-Qtz 1.6 0.2 0.2 1.2
Composite Feldspar 2.8 0.2 2.2

.Composite Quartz 0.4 4.4 5.0 1.6
Calculated Parameters

A 10.7 36.7 31.7 37.1
B 34.0 16.0 13.0 34.0
C 55.2 47.3 55.3 28.9
D 9.5 35.0 31.0 35.6
E 28.5 15.8 12.5 30.1
F 62.0 49.3 56.6 34.3
G 13.2 41.5 35.4 50.9
H .9.5 4.8 3.0 13.9
I 77.2 53.7 61.6 35.2

TABLE 8 (Cont)
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Analysis Number

'Co~ponent 18 19 21 22
r,
. IQuartz 16.6 15.6 54.8 22.4
Plagioclase Feldspar 22.2 31.0 30.7 15.6
~otassium Feldspar
Detrital Hica 0.•-6
Pyroxene 1.0 0.4
Sphene (?)
Argillaceous Matrix 22.8 7.0 9.3 20.8
Secondary Carbonate 1.4 2.8 2.8 2.6
Opaque 0.4 7.2 1.6 2.2
Micrographic Qtz~Fe1d 2.0 1.4 0.6 2.8
Fine-grained Mafic Rocks 23.0 26.6 17.8
Fine-grained Felsic Rocks 4.8 3.6 3.8

.Chert and "Cherty." Rocks 4.8 2.8 2.4
Sericitic Fragments
Pe~ite Fragments 0.4 0.2 7.2
Sandstone 0.8
Detrital Carbonate
Fossil Fragments
Misc •

.unidentified 0.6 1.4 0.2 1.0

TOTAL 100.0 100.0 100.0 100.0

Composite Qtz-Feld 1.0 1.6 3.6 0.8
Composite Feld-Qtz 1.0 2.2 4.0 1.0
Composite Feldspar 1.4 5.4 1.0 0.6
Composite Quartz 3.2 3.8 2.0 3.0

Calculated Parameters
A 22.5 19'.2 63.7 30.8
B 30.1 38.2 35.6 21.4
C 47.4 42.6 0.7 47.8
D 21.1 17.2 59.5 29.7
E 26.8 28.8 29.8 19.2
F 52.0 53.9 10.7 51.1
G 28.9 24 ..2 84.8 36.7
H 10.0 18.3 15.2 8.8
I 61.1 57.4 0.0 54.4

TABLE 8 (Cont)
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Analysis Number

Component 23 24 X U

Quartz 8.~ 8.6 19.5 13.2
~lagioclase Feldspar 35.5 26.6 21.4 8~7
Potassium Feldspar .0.2 0.1 0.5
Detrital Mica 0.2 0.3 0.5
Pyroxene Tr 0.6 .0.9
Sphene (?)
Argillaceous Matrix 1"8.4 30~8 17.8 7.3
Secondary Carbonate 7.6 Tr 2.2 2.0

.qpaque '0.4 0.4 1.7 2.3
Micrographic Qtz-Fe1d 1.2 0.2 2.4 2.6
Fine-grained Mafic Rocks 25.1 28.2 21.0 13.0
Fine-grained Felsic Rocks 0.4 4.2 3.9 2.9
Chert and "Cherty" Rocks 1.8 0.2 4.8 4.8
Sericitic Fragments 0.2 0.6
Pe1ite Fragments 0.4 2.4 3.6
Sandstone 0.3 0.5
Detrital Carbonate 0.4 1.0
Fossil Fragments 0.1
Misc. 0.1
Unidentified 0.6 0.6 1.0 0.7

TOTAL 100.0 100.0 100.0

Composite Qtz-Fe1d 0.4 1.2 1.0
Composite Fe1d-Qtz 0.4 0.4 1.2 1.1
Composite Feldspar 1.0 0.2 1.3 1.4
Composite Quartz 0.4 0.2 2..2 1.7

.Calculated Parameters
A 11.5 12.6 25.5
B 48.9 39.1 28.1
C 39.6 48.2 46.3
D 11.5 12.1 24.0
E 47.0 38.2 24.9
F 41.5 4.9.7 51.2
G 21.7 19.5 31.9
H 6.7 2.9 10.6
I 71.6 77.6 57.5

TABLE 8 (Cont)
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Slate a.nd'Pebbly Slate. Red and green slate assigned
to the conglomerate member i~ present in the \oJ'ell.exposed
plunge of a small anticline on the east bank of the Aroos-

tool' River 1.45 miles upstream from the mouth of l\lder
Brook. Williams and Gregory (1909, p. 132) cited this
exposure as part of the "Sheridan Sandstone" and noted
the presence of thin beds of "greenish gray calcareous
material n that ''leathersmore readily than the slate and
contains abundant crinoid columnals. The 't"rlter has
observed similar material at the exposure forming dis-
continuous beds (approximately one foot thick) within the
slate; the material is light-gray coarsely crystalline
limestone containing "floating," angular, gray and light-

-green chert, and fine-grained volcanic ro(:k fragments as
well as the crinoid columnals.

Red slate is also found in the bed of a small drainage
near its confluence with the.AroostookRiver 0.86 miles
down-river from the cliff labeled "Pul1dingRock" north of
Frenchville (Plate I). Slate exposures near fossil

\

locality 31 east of Ashland are interpreted to be inter-
beddcd,witll the conglomerates.

Pebbly slate (argillite) is present at fossil
localities 28 and 29 along Route 227 near Alder Brook.
The poorly cleaved slate consists of silty: 'gray pelite
containing fragments of brachiopods, corals, crinoids,
and gastropods and pebbles of chert and volcanic rocks.
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These pebbly sl,ates are interbedded \\7i th more resistant
sandstone and pebble conglomerate.
Lithology of the Feldspathic Sandstone Member

Overlying the conglomerate member in the vicinity of
Frenchville is a sequence of medium- to massive-bedded
feldspathic 'grayvlacke and arenite. 'rhe absence of con-
glomerates,and the prevalence of feldspar-rich sandstones
\vith low volcanic and chert roc]~-fragment content dis-
tinguish the member. Red slates are present as a minor
rock type locally.

Sandstone. Fossil locality 35, along Maine Route
227 in. the villagc~ of Frenchville, provides an extensive
exposure of sandstones typical of tl1e member' (Figure 9).
Approximately 145 feet (44.2 m) of section is provided
by the roadcut. The principal features of the sequence
are shOvln in Figure 14.

Massive, light-gray, rust-weathering feldspathic
grayWacke composes most of the section. A uniform texture,
subconchoidal fracture and widely spaced pelite fragments
characterize these sandstones. Beds of this rock type up
to 15 feet thick (4.6 m) show no internal features to
suggest they are multiple sedimentation units, and
"bedding" plams separating them, as at 76.5 and 91.5

feet, have no noticeable compositiohal or grain-size
differences across them. These surfaces contain
slickensides, and the bed overlying the interface at
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Figure 14: Measured stratigraphic section at fossil
locality 35. Features of the section are discussed in
the text.
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the 76~5 foot level has a two-inch sheared zone at its
base. These features indicate that at least some of the
bedding planes were kinematically active during folding.

A one inch (2 em) shale seam separates two of thes.e
.sa}1dstonebeds near the 30 foot level. Just belot" the

50 foot mark, ~hin sandstone and shale beds (?) are
complexly deformed; it is not clear in the available
exposure .\..,.he:l:herthe shale portions of this interval
were originally thin beds or large clasts.

Fine-grained, co~~only laminated, feldspathic gray-
wacJ:e .~s present at the tops of some of the massive beds.
The sharp contact between these fine sandstone phases an~
the overlying medium sandstone beds is inferred to repre-
sent the separation of t~lO sedimentation units.

The basal portions of two sedimentation episodes
are represented by the coarse pelite-rich sandstone
phases just above the 50 foot mark. These basal ppases

1

are .~eparated from the medium sandstones underneath by

sharp contacts; however, these p~ases along much of
tl1eir exposed length sheared during deformation
(Figure 15). The coarse bottom interval, where not
sheared, grades over a distance of 10 to 15 cm: into the
typical medium grained sandstone. The coarse-grained,
pe1ite-rich sandstone bed just above the 3D-foot mark
may represent a basal phase of the next exposed sandstone
interval above it.
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Figure 15: Two thi.ck-bedded feldspathic graywacke beds
separated by an interval of sheared coarse-grained,
pelite-rich, lithic sandstone.

(Hammer is 12.5 inches (l3.3)cm) long.)
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Other than the grading, lamination, and deformational
features just discussed, the only fabric feature visible
Oat locality 35 is the concentration of pelite fragments
at widely spaced intervals. Elsewhere, parting lineation,
lamination and lithic fragment concentrations are the
only fabric features seen.

Modal analyses of sandstones from the feldspathic
sandstone member are presented in Table 9. The following
compositional characteristics are evident:

(1) Average quartz content is 26.0 percent (~ =

5.5).

(2) Average plagioclase feldspar content is 37.9
percent (u = 11.8). This high abundance of feldspar
is quite evident in hand specimens and outcrops, allowing
separation of the sandstones from those of the underlying
conglomerate member.

(3) Composite grains, particularly those including
feldspar, are commonly very abundant.

(4) Volcanic and chert rock fragments are usually
opresent but subordinate to the composite grains in
abundance. With few exceptions the volcanic and chert
fragments are not readily observed in the field except
in the coarse sandstones.

(5) Potassium feldspar is present in nearly all of
the analyses (up to 12.0 percent) but is not distinguish-
able in hand specimen or outcrop.
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Analysis Number
Component 30 31 32 33

Quartz 30.2 18.4 23.8 19.2
Plagioclase Feldspar 42.5 36.0 47.8 24.5
Potassium Feldspar 0.4 10.8 7.9
Detrital lvlica Tr 0.4 0.7
Pyroxene Tr 0.2 Tr
Sphene (?) 1.2
Argillaceous Matrix 15.5 15~8 25.0 ~1.9
Secondary Carbonate 0.0 15.2 2.6
Opaque 5.5 1.6 0.8
Micrographic Qtz-Feld 3.3 1.0 0.6 7.8
Fine-grained Mafic Rocks 1.4 0.8 15.8

.Fine-grained Felsic Rocks 1.0 0.4 3.6
Chert and IICherty" Rocks 0.2 0.6 0.2 2.8
Sericitic Fragments
Pelite Fragments
Sandstone
Detrital Carbonate
Fossil Fragments
Misc.
Unidentified 0.2 2.5
TOTAL 100.0 100.0 100.0 100.0
Composite Qtz-Feld 12.0 11.0 17.8 14.5
Composite Feld-Qtz 13.3 19.0 20.6 14.4
Composite Feldspar 6.7 13.4 12.0 7.7
Composite Quartz 1.8 0.6 NC

.Calculated Parameters
A 38.2 27.4 32.5 23.6
B 54.3 69.6 65.3 39 •.7
C 7.5 3.0 2.2 36.7
D 23.0 11.0 8.2 5.9
E 29.0 21.4 20.8 12.7
E' 48.0 67.6 71.0 81.4
G 32.4 l~'.0 10.3 6.7
H 62.9 84.1 87.9 62.2
I 4.6 1.9 1.7 31.1

TABLE 9
Modal Analyses of Sandstones from the Feldspathic

Sandstone Member of the Frenchville Formation
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Analysis Number
Component 34 35 36 37

Quartz 32.6 23.6 23.6 29.9
Plagioclase Feldspar 53.6 30.2 51.4 20.2
Potassium Feldspar 0.2 0.4 0.8
Detrital Nica Tr 1.6 Tr
Pyroxene 0.2 0.6 0.2
Sphene (?)
Argillaceous Matrix '9.6 17.0 9.2 20.9
Secondary Carbonate " .- 1.2 1.0 Tre::' -:- ~...;

Opaque 0.4 Tr 7.4
Micrographic Qtz-Fe1d 3.6 9.0 2.6 7.0
Fine-grained Mafic Rocks 5.4 2.0 3.7
Fine-grained Felsic Rocks 0.4 2.8 3.4 4.6
Chert and "Cherty" Rocks 6.8 1.4 2.8
Sericitic Fragments
Pelite Fragments 0.4
Sandstone
Detrital.Carbonate Tr
Fossil Fragments
1.1isc.
Unidentified 2.6 2.4 3.3
TOTAL 100.0 100.0 100.0 100.0
Composite Qtz-Fe1d 21.4 2.2 5.0 8.5
composite Feld-Qtz 23.8 2.2 8.2 5.4
composite 'Feldspar 13.0 0.8 8.6 4.4
Composite Quartz 1.6 3.2 1.8 4.4

.Calculated Parameters
A 36.1 30.0 27.7 13.8
B 59.5 39.0 61.3 29.7
C 4.4 31.0 11.0 26.6
D 12.4 27.2 21.8 31.3
E 18.8 35.2 41.5 15.3
F 68.8 37.6 36.6 53.5
G 15.3 42.0 37.3 36.9
H 84.2 27.8 49.0 43.8
I 0.5 30.2 13.7 19.2

TABLE 9 (Cant)
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Analysis Number
Component 38 X lr

Quartz 33.0 26.1 5.5
Plagioclase Feldspar 35.0 38.1 11.8
Potassium Feldspar 12.0 3.6 5.1
De tri tal l-'li ca Tr .0.3 0.5
Pyroxene Tr 0.1 0.2
Sphene (?) 0.1 0.4
Argillaceous Matrix 10.8 15.•2 5.4
Secondary Carbonate 2.0 5.0
Opaque 0.4 1.8 2.7
Micrographic Qtz-Fe1d 6.2 4.6 3.0
Fine-grained Mafic Rocks 0.4 3.3 5.4
Fine-grained Felsic Rocks 1.2 i.9 1.7
Chert and "Cherty" Rocks 0.8 1.7 2.2
Sericitic Fragments
Pe1ite Fragments 0.1
Sandstone
Detrital Carbonate
Fossil Fragments
l-lisc.
unidentified ..0.2 1.2 .1.4
TOTAL 100.0 100.0
Composite Qtz-Feld 15.8 12.0 6.1
Composite Feld-Qtz 20.6 14.2 7.6
Composite Feldspar 5.4 8.0 4.2

.Composite Quartz 4.2 2.0 1.7
Calculated Parameters

A 37.2 32.9
B 53.0 52.5
C 9.7 14.6
D 19.4 17.7
E 23.5 24.4
F 57.1 57.8
G 25.4 23.5
H 71.1 65.0
I 3.5 11.6

TABLE 9 (Cont)
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The sanqstone analyses form.a well defined field in
the feldspathic sandstone area of Figure l2A, but are
indistinguishable from the sandstones of the conglomerate
member in the compositional maturity plot of Figure l2B.
With two exceptions, the analyzed sandstones are gray-
wackes; the exceptions (analyses 34 and 36) contain 9.6
and 9.2 percent argillaceous respectively.

Slate and Shale. Slate and shale form a very small
proportion (2-3 percent) of the exposed section of this
member. Aside from the thin shale seam observed at
fossil locality 35, green slate is interbedded with thin
feldspathic sandstones at DR 868 (Figure 9); green, red
and black slate, abundantly manganese and iron stained, ,
are present in an old test pit at DR 629. Miller (l947,
p. 60) discussed the manganese and iron content of these
pelitic rocks and similar ones exposed along the east
side of Maine Route 227 just to the southwest. The strata
at DR 869 and DR 629 appear to overlie the succession at
fossil 19cality 35 with the rocks of DR 629 being the
youngest.

Southeast of DR 629, at DR 1606 (see Figure 9),
massive, orange-weathering feldspathic graywacke is inter-
layered with red slate containing zones of laminated
manganiferous ironstone. Assuming a simple synclinal
structure between the exposures at locality 35 and DR 1606,
the manganiferous slates at the latter are at about the
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same stratigraphic level as the sandstones of locality 35
or possibly slight~y lower.
Lithology of the Sandstone-Slate Member

Along the eastern flank of the Stockholm Mountain
Syncline from Fogelin Hill in the northeast to north of

,Ashland, sandstone interlayered with variable amounts of
slate comprises the Frenchville Formation~ The same
interlayered sequence is found as far east as the west
flank and north plunge of the Castle Hill Anticli.ne, and
extends northward along the west flank of,the faulted
syncline west of Perham (see Figure 4).

In the northward plun~e of the Castle Hill Anticline,
shown in Figure 16, the member is in a structurally
complex setting involving an imperfectly understood

.fault pattern. The outcrops of the member form two
groups: a southern group on Castle Hill, around fossil
,locality 42, that defines the northward plunge (approxi-
mately 35-40 degrees) of the anticline'and represents the
lower portion of the unit; and a northern group, around
fossil locality 43, that is interpreted to form a small
syncline and represent the upper part of the member.
Both groups are separated from exposures of the Jemtland
Formation in the river by inferred northwesterly and
northeasterly trending faults.

Castle Hill Area. The stratigraphically lowest
exposures of the member are ~wo rubbly outcrops along
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Figure 16: Geologic map of ,the Castle Hill area showing
the plunge of the Castle Hill Anticline and the type area
of the sandstone-slate member.
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the top of the'precipi tous \'lestface of Castle Hill just
sou~h of fossil locality 42. These consist of medium-
gra~ned, laminated and nonlaminated, gray lithic gra~1acke.
The nature of the stratification and presence of inter-
layered pelitic rocks is obscured by the rubbly and slumped
character of the exposures.

Higher in the section, an interlayered sequence of
gray calcareous slate, calcareous, laminated and cross-
laminated siltstone, and calcareous Iithic graY\'lackeis
present. The lithic gray,,,ackeoccurs in beds from 2
inches to several feet thick; grading, from medium-grained
at the base to fine-grained and laminated at the top, is
conunon in the thinner beds. The entire sequence, including
the graywacke beds, shows a fracture cleavage.

At fossil locality 42 there is cleaved, medium-
grained, calcareous, pebbly, lithic grayt'lacke\.,ith lenses
or thin beds of fossiliferous limestone. The lithic
graywacke contains irregular masses of pebbly, coarse
lithic sandstone. Pebble conglomerate is interbedded with
the lithic gra~1acke at the exposure just southwest of
locality 42; the lithic fragment suite present in this
conglomerate is the same as that observed in similar
rocks of the conglomerate me~ber.

In summary, the lower part of the member in the area
ShO\'lnin Figure 16 is inferred to consist primarily of a
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fracture-cleaved sequence of calcareous lithic graywacke
and lesser gray calcareous slate, pebble conglomerate,
and pebbly graywacke. These highly calcareous and cleaved
lithic graywackes are present only in the Frenchville
section exposed at Castle Hill; they are overlain and
underlain by much less calcareous and more massive lithic
gra~~ackes of similar composition.

Dark gray feldspathic arenites and graywackes are
exposed north of locality 42 Along the road and in adja-
cent fields (Figure 16). Texturally these rocks are
very uniform, but a mottled dark gray and light green-
gray appearance is common.

Section at Locality 43. The upper part of the sand-
stone-slate member is represented by the group of
exposures along, and just southeast of, the Aroostook
River in Figure 16. Fossil locality 43 presents the
most extensive section (Figure 17) and illustrates many
of the features considered typical of the member. Beds
of gray, medium and fine lithic graywacke ~re interlayered
with gray slate and aphanitic limestone.

The lithic graywacke beds are macroscopically
unstructured or have structures which may be classified
using the system established by Bouma (1962). Graded
bedding (decrease of maximum grain size) is a common
feature in these beds with multiple grading present in
two of the thicker beds (beds 2 and 16). Gradual transition

154



Figure 17: Stratigraphic section exposed at fossil
locality 43. This section was described graphically
followi~g a procedure proposed by Walker (1967).
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from unstructured or graded lower parts (A interval) to
intervals of parallel-laminated fine sandstone (B interval)
is present in many of the beds; an abrupt change is

.present in bed 47. Complexly rippled fine sandstone
(C interval) occurs as -individual beds or as upper patts
of beds containing other structural intervals; thin beds
of fine sandstone consisting of simple ripples occur
sparsely in the section. Sharp lower and upper contacts
are characteristic. of all sandstone beds observed.

Sandstone beds 14-22 are sho\~ in Figure 18. The
upper surface of bed 22 has an asymmetrical ripple
morphology with amplitude of 6 inches (14 em) and
''lavelength of about 38 inches (95 em)'; pelite fragments
occur locally along the bed at a level corresponding
approximately to the base of the ripples. Internal
foreset bedding within the large-scale ripples is not
well displayed. The overlying slate ~nd s~ndstone beds
of interval 23 parallel the stoss slope and are parallel

..
or truncated at the crests and al,ong the foreslope of
the r{pples. Truncation of the overlying beds appears
to be in part due to vertical intrusion of sandstone at
the crests of the ripples.

Interval 23 contains beds of sandstone and.slate
which are discontinuous and deformed. The disruption
of this interval may be due to slumping and diff~rential
compactional aro"und the large ripples of bed 22 •.
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Figure 18: Beds 14 through 22 and interval 23 of the

section at locality 43. Note the large-scale "ripple"

morphology of bed 22 and the persistent orange-weathering

limestone bed (bed 18).
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Gray, orange-weathering aphanitic limestone in thin
persistent and disqontinuous' beds forms an important
minor rock type. Microfossils (conodonts and brachiopods),
useful in dating the sequence, have been recovered from
beds 31, 35, and 55. The discontinuous beds consist of
.nodular and lenticular segments along a given horizon
within the section, whereas the persistent-beds may be
traced continuously across the face of the exposure.

The slate is green-gray in color and brittle. Though
generally noncalcareous, some intervals are slightly
calcareous and contain siltstone laminae with high
carbonate content.

story Hill Area. Along lumbering roads between
Story Hill and Gardner Brook, west of Washburn, the
sandstone-slate member is exposed at a number of small
outcrops (Figure 19). There the member lies between
the Madawaska Lake and Jerntland formations.

Green-gray to light-olive-green slate is interlayered
with thin- to medium-bedded, commonly graded, lithic and
feldspathic graywackes to form most of the exposed section.
Light green, calcareous, finely cleaved slate witho.7S-
inch.to 6-inch(2 to 15 cm) beds of light gray, calcareous;
laminated and cross-laminated siltstone occurs locally in
the sequence but appears to be a minor phase.

Orange-weathering, light-gray, fine and medium
feldspathic graywacke simila~ to that observed in the

159



Figure 19: Geologic map of the Story Hill area. Geologic
symbols are shown in Plate II. Dotted lines outline
cleared areas; dot-dash lines indicate farm or lumbering
roads. Circles -show trace of a conglomerate layer in
the Jemtland Formation.-
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feldspathic sandstone member at fossil locality 35
(Figure 14) is present in the sequence west of Story

Hill on the northwest flank of the small anticline ju£t
north of locality 44 (Figure 19). This sandstone occurs
in thin beds separated by shale seams; grading is

.pr~sent in some of the beds.
Sandstone Composition. Modal analyses of a variety

of sandstones from the member are pre'sented in Table 10.

Compositionally the sandstones are highly variable and
include rocks comparable to those in both the conglomerate
and feldspathic sandstone members, as shown by the
principal component diagra~s of Figure 20. It is thus
not possible to distinguish the member on the basis of
sandstone composition; this difficulty is compatible.with
the interpretation of the sandstone-slate member as the
lateral equivalent of both the conglomerate and feld-
'spathic sandstone members.

The distinctive features of the member are the
.relatively high abundance of slate and virtual absence

of conglomerate. The slate phase is not always present
in small outcrops of the member, but the assignment of
such'outcrops to the member can be made on the basis of
stratigraphic relations to nearby slate-bearing exposures.
Lithology of the Quartzose Sandstone l1ember

In the Stockholm-Jemtland area, on both flanks of
the Stockholm Mountain Syncline, the Frenchville is composed
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Analysis Number
Component 39 40 41 42

Quartz '4.4 35.2 19.8 12.8
Plagiocalse Feldspar 25.8 15.3 44.0 25.1
Potassium Feldspar 0.2 2.2
Detri tal l-lica 0.2 0.2
Pyroxene 0.6 0.4 0.4
Sphene (?)
Argillaceous Matrix 30.8 21.6 9.8 11.0
Secondary Carbonate 13.0 0.2 6.2 10.2
Opaque 3.8 Tr 0.2
Micrographic Qtz-Fe1d 12.7 8.6 2.6
Fine-grained Mafic Rocks 8.6 3.0 4•.4 25.5
Fine-grained Felsic Rocks 8.8 3.0 8.6
Chert and "Chertyll Rocks 2.8 5.6 0.6 2.0
Sericitic Fragments
Pelite Fragments 0.2 1.6
Sandstone
Detrital Carbonate
Fossil Fragments
r-1isc.
Unidentified 1.8 0.8 3.8 1.6
TOTAL 100.0 100.0 100.0 100.0
Composite Qtz-Feld 0.8 7.7 16.2 1.4
Composite Feld-Qtz 1.6 2.8 8.2 0.6
Composite Feldspar 2.4 0.4 13.2
Composite Q:uartz 0.6 4.8 2.4 1.2

.Calculated Parameters
A 8.7 46.0 24.9 16.8
B 51.0 20.2 58.0 32 •.7
C 40.3 33.8 17.1 50.5
1) 7.1 36.0 4.5 14.9
E 43'.1 16.0 31.2 31.9
F 49.8 48.0 64.3 53.1
G 12.5 42~9 6~6 21.9
H 16.7 36.6 84.3 8..8
I 70.8 20.5 9.1 69.2

TABLE 10
Modal Analyses of Sandstones from the

Sandstone-Slate Hember of the Frenchville Formation
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Analysis Number

Component. 43 44 45 46

Quartz 20.3 31.0 35.6 24.2
Plagioclase Feldspar 39.5 12.5 21.4 46.2
Potassium Feldspar 2.4 18.0 Tr
Detrital Mica 1.0 Tr 0.6 Tr
Pyroxene Tr '0.2
Sphene (?)
Argillaceous Matrix 9.4 8.6 14.6 16.8
Secondary Carbonate 3.6 3.0 0.6
Opaque 6.4 1.7 1.2 1.4
Micrographic Qtz-Feld 4,8 6.0 5.0 8.8
Fine-grained Mafic Rocks 9.2 9.5 0.8 0.4
Fine-grained Felsic Rocks 3.2 4.8 0.8
Chert and "Cherty" Rocks 1.2 17.9 2.0
Sericitic Fragments
Pelite Fragn:tents 0.7
Sandstone
Detrital Carbonate 0.2 Tr
Fossil Fragments
Misc.
Unidentified .1.2- 1.9 1.4

TOTAL 100.0 100.0 100.0 100.0

Composite Qtz-Feld 4.8 4.1 8.2 11.6
Composite Fe1d-Qtz 3.2 4.1 9.4 18.8
Composite Feldspar 2.8 1.7 5.6 9.2
Composite Quartz 1.8 NC 3.2 2.0

Calculated Parameters
A 25.9 36.6 42.6 30.4
B 50.4 17.6 47.1 58.0
C 23.7 45.8 10.3 11.6
D- 19.7 31.8 32.8 15.8
E 42.8 10.7 29.2 22.9
F 37.5 57.5 38.0 61.3
G 34.5 35.6 46.3 20.5
H 34.7 21.0 47.6 78.8
I 30.7 43.4 6.1 0.7

TABLE 10 (Cont)

164



Analysis Number
Component 47 48 49 50

Quartz 40.5 11.2 9.4 20.6
Plagioclase Feldspar 21.7 20.8 33.2 38.2
Potassium Feldspar
Detri tal lvlica Tr 0.4 0.6
Pyroxene 0.2 0.2 0.6
Sphene (?)
Argillaceous Matrix 4.9 8.4 20.4 15.4
Secondary Carbonate 7".9 15.0 1.0 0.4
Opaque Tr '0.6 Tr Tr
Micrographic Qtz-Feld 1.4 4.8 6.2 19.4
Fine-grained Mafic Rocks 8.7 26.2 22.2 2.2
Fine-grained Felsic Rocks 0.2 3.2 3.8 0.6
Chert and IICherty" Rocks 9.5 2.6 2.0 1.2
Sericitic Fragments
Pelite Fragments 2.2 2.2 0.2
Sandstone
Detrital Carbonate 0.4 3.6
Fossil Fragments 0.2
IJ1isc.
Unidentified 2.4 1.2 "-1.0 0.8

TOTAL 100.0 100.0 100.0 100.0

Composite Qtz-Feld 2.7 1.2 2.0 3.6
Composite Feld-Qtz 2".7 1.0 2.8 5.2
Composite Feldspar 1.2 2.2 4.0 2.6
Composite Quartz 5.9 1.0 1.0 0.4

"Calculated Parameters
A 47.9 15.0 12.2 25.1
B 25.7" 27.9 43.1 46.5
C 26.5 57.1 44.7 28.5
D 44.7 13.4 9.6 20.7
E 21.0 23.6 34.3 37.0
F "34.3 63.0 56.1 42.3
G 56.6 17.5 14.6 32.8
H 12.0 16.1 29.6 59.5
I 31.4 66.3 55.7 7.7

TABLE 10 (Cont)
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Analysis Number

Component 51 52 X (i"

Quartz 22.8 14.6 21.6 10.8
Plagioclase Feldspar 30.B 50.2 30.4 11.9
Potassium Feldspar 1.6 4.8
Detrital Nica 0.4 0.2 0.3
Pyroxene 0.2 0.2 0.2
Sphene (?)
Argi1lac~ous Matrix 12.0 14.8 14.2 6.7
Secondary Carbonate 4.4 5.2
Opaque 0.2 0.4 1.2 1.8
Micrographic Qtz-Fe1d 28.0 6.2 8.2 7.5
Fine-grained Mafic Rocks 3.0 0.4 8.9 9.2
Fine-grained Felsic Rocks 1.4 10.8 3.5 3.6
Chert and "Cherty II Rocks 0.6 0.8 3.5 4.8
Sericitic Fragments ...-
Pelite Fragments 0.2 0.5 0.8
Sandstone

.Detrital Carbonate 0.3 1.0
Fossil Fragments 0.1
Misc.
Unidentified 0.6 0.4 1.3 1.0

TOTAL 100.0 100.0 100.0

Composite Qtz-Feld 4.8 5.4 5.3 4.4
Composite Feld-Qtz 4.8 6.4 5.1 4.7
Composite Feldspar 2.0 12.0 4.2 4.2
Composite Quartz 1.0 1.6 1.9 1.7

Calculated Parameters
A 26.3 17.6 27.6
B 35.5 60.5 40.7
C 38.2 21.9 31.8
D 20.7 11.1 20.8
E 27.•6 38.3 28.8
F 51.6 50.6 50.4
G 28.7 18:0 29.2
II 63.1 58.6 40.9
I 8.3 23.4 29.9

TABLE 10 (Cont)
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Figure .20: Triangular composition diagrams for the

sandstone-slate and quartzose sandstone members of the
Frenchvill~ Formation. Components included at each pole
.of the diagrams are sho\"lnin Table 1. The ABC diagram

is used to determine. rock names used in the text.
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of quartz arenite, quartzose feldspathic arenite and
gray\llacke, and Ii thic gray,,,acke interbedded \'lithvarying
amounts of slate and minor cOnglomerate. The presence
of abundant quartz-rich sandstone is the distinctive
feature of tllC uni-ti no sandstone ~'lith quartz content

.in excess of 50 percent has been observed in the other
Frenchville members except analyses 21 from the conglomer-
ate member (Table 8) ~ Lithic gra~vacke, compositionally

and texturally similar to that present in the conglomerate
member r :.is.' approximately equal in abundance to the

quartz-rich varie.ties. Slate, though only locally well
represented in outcrop, is probably .an important rock
type in the section.

Though inferred to form t:tnextensive portion of the
Frenchville terrane from the vicinity of Fogelin Hill
northeastward to Martins Siding, the member is only
locally well exposed. The 1arqest area.of e~posure is
along the \vest flank of the Stockholm Hountain Syncline
just north of the village of Stockholm (Figure 21).
There, the lO\'lercontact vlith the Hada\'laskaLake Formation
and the upper contact wi th the Jemtland are \',e11defined,
and the variety of rock types composing the member may
be observed. A second area of good exposure is the east
side of Fogelin Hill on the east flank of the syncline.

Stockholm Area. Fossil locality 37, a railroad cut
along the Bangor and Aroostook Railroad mainline north of
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Figure 21: Geologic map of the Stockholm area. Geologic
symbols are given in Plate II. Dotted lines outline cleared
areas; dot-dash lines are farm or lUmbering roads. Dash~x
line shows the trace of ~n aquagene tuff sequence in the
Jemtland Formation.
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stockholm, provides the best e}~postlre (appr.oximately
40 feet or .12 .meters of section) of the member (Figure 22).
The exposed beds are -in a 10\'1 anticlinal flexure. Host
of the section consists of light-gray and green-gray,

.rn~dium-grainedr medium- and thick-bedded, quartzose
feldspathic gray'\'lackean'd less quartzose Iithic areni,lce..
TvlO thin beds and one medium bed (poorly exposed) of
laminated g~een, siltstone and silty shale are intcr-
layered with the sandstones. The sandstones are texturally
uniform: no lamination or other internal structuring has

been observed ..
North of -locality 37, along the railroad tracks and

in parallel lumber roads, are several e~~osures in which
dark-gray and olive-green slate is interlayered with
.medium and fine quartzose .sandstone. Less medium-grained
lithic gra~vacke is present at some exposures.

outcrops in the vicinity of fossil localities. 38-41
rep:r:~sentthe uppermost portion of Frenchville Formation
and transitional beds into tile overlying Jemtland. The
stratigraphically .lowest beds exposed are interlayered
q~artzose feldspathic and lithic graywackes of medium
and coarse grain size. Immediately overlying these
beds is the almost continuous section of localities 38-
41, ,.,hichconsists of gray, bro\vn-,.,eathering,calca.reous,
laminated, silty shale interlayered with lesser light-
gray', calcareous, pebbly, medium sa.ndstone. The platy
character of some of the shale, the abundant carbonate
content, and the bro\'ll1to orange weathering colors are
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Figure "22: Generalized stratigraphic section at fossil
locality 37.
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suggestive of £ransition into the lithofacies of the
Jemtland Formation. Placement of t.he FrenGhvi,lle-Jem-!:land
contact in this area is some,vhat arbi trary; hO,\\7cver, the
strata exposed at the fossil localities are placed in
the Frenchville, since they do not display the thin
interbedding of distinctive rock types that: characterizes
the Jemtland Formation.

Fogelin Hill Area. On the southeastern slope of
Fogelin ~ill and on a small hill to the-southeast, the
quartzose sandstone member is relatiyely ':lell exposed

(Figure 23). At DH 1220, near the Frenchville-Jemtland
contact, a sequence of thin- to thick-bedded, gray,
calcareous, lithit: sands.tone ~li th thin interbeds of fine
sandstone and shale is present. The lithic sandstones
are commonly graded, 'lJ'i th ,basal coarse intervals con-
taining chert, pelite, and volcanic rock fragments. One
seven-foot (2.1~m) sandstone:bed \>lithmultiple grading,

and an 18-.inch (46-cm) bed of fine-pebble conglomerate
-are present.

Along West Road and in adjacent fields to the south
of DR 1220, medium-grained, medium- to thick-bedded
quartz arehite, and quartzose feldspathic arenite and
gra~qacke with lesser pebble conglomerate is well exposed.
The quartzose sandstones are quite similar to those at
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Figure 23: Geologic map of the Fogelin Hill area.
Geologic symbols are given in Plate II. Dotted lines
outline cleared areas; dot-dash lines are lumbering' or
farm roads.
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fossil locality 37 north of Stockholm. The pebble
conglomerate contains abundant granophyre fragments as
'''ellas the chcrt ..peli te-volcanic assemblage.

Sandston~Composi tior~<' t.1ocal analyses of sandstones
f:t::om the member are given in 'lIable11. rl1he abundance of
quartz. and the 10\-'1 concentrat:ions of fine-grained rock
fragments and composite grains are typical features.
Interlayercn lOt'l-quartz sandstone (Iithic graY"lacke) is
represented by analyses 60 and 63. In hand specimen or
outcrop, the quartz-rich sandstones that have 10'" argilla-
ceous matrix content (arenites) are typically light gray
in color, whereas those richer in matrix have a distinct
green tinge and are darker gray.

The quartz grains of ti1ese sandstones are almost
all well rounded, and secondary overgro\.,ths,are common.
Randomly oriented, lamellar quartz is abundant in some
~~mples. The feldspar gra~ns .are'commonly angular to
sub rounded •.

A modal analysis of a fine pebble conglomerate inter-
bedded with the quartz-rich sandstones southeast of
Fogelin Hill is given in 'Table 7 (rinalysis 29). Comparison
of this mode with those from the conglomerate menilier
shows that a higher proportion of quartz, feldspar, and
composite grains is pres,ent in the Fogelin Hill sample ~

The triangular diagrams of Figure 20 indicate the
presence of at least two compositional populations in the

178



Analysis Number

Component 53 54 55 56 57

Quartz 49.6 91.0 54.0 67.8 60..0
P1agiqclase Feldspar 14.6 4.2 12.2 12.7 11.8
Potassium Feldspar 0.2
Detrital Nica Tr 0.6 0.2
Pyroxene Tr 0.2
Sphene (?)
Argillaceous Matrix 15.6 4.0 25.2 ~'9~3 22.0
Secondary Carbonate 7.2 0.2
Opaque 0.2 0.6 0.2 0.4 0.8
Micrographic Qtz-Feld 0.8 1.0 1.7 0.4
Fine-grained Mafic Rocks 2.2 5.4 4.4 2.4

'Fine-grained Felsic Rocks 6.4 0.2 0.2 1.1 0.8
Chert and IICherty II Rocks 1.8 Tr 0.2 0.9 0.2
Sericitic Fragments
Pelite Fragments '1.2
Sandstone
Detrital Carbonate
Fossil Fragments

,Misc.
Unidentified 0.2 1.6 0.9 0.2

TOTAL 100.0 100.0 100.0 100.0 100.0

Composite Qtz-Feld 1.4 5.0 2.1 1.4
Composite Feld-Qtz 0.8 0.2 3.6 1.9 0.6
Composite Feldspar 1.0 1.7 0.9 0.2
Composite Quartz 3.0 0.4 7.2 1.9 2.4

Calculated Parameters
A 64.6 95.4 74.0 76.5 79.6
B 19.3 4.4 16.7 14.3 15 •.4
C 16.1 0.2 9.3 9.1 5 •.0
D 62.8 95.4 67.1 74.2 77.8
E 16.9 4'.2 9.5 11.2 14.4
F 20.~ 0.4 23~4 14.7 7.8
G 75.5 99.6 74.1 83.5 90.9
H 6.3 0.2 17.1 8.4 4.0
I 18.2 0.2 8.8 8.1 5.2

TABLE 11

Modal Analyses of Sandstones from the Quartzose
Sandstone lvlemberof ,the Frenchville Formation
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Analysis Number
Component 58 59 60 61 62

Quartz 60.6 82.0 14.6 61.6 69.3
Plagioclase Feldspar 17.2 7.8 23.2 12.4 10.•2
Potassium Feldspar Tr 0.2
Detrital Hica Tr 0.2 0.8 0.6 Tr
Pyroxene 0.2 0.6 .0.4
Sphene (?) 1.6
Argillaceous Matrix 14.2 .6.8 25.6 12.6 12.2
Secondary Carbonate 0.2 0.8 0.2 1.4 0.6
Opaque 0.2 0.2 0.6 0.2 0.8
Micrographic Qtz-Fe1d 0.2 15.8 0.8 0.6
Fine-grained Mafic Rocks 2.2 1.0 16.2 1.4 0.2
Fine-grained Felsic Rocks 2.2 0.8 5.4 0.2
Chert and "Cherty" Rocks Tr 0.4 1.6 0.8 0.2
Sericitic Fragments
Pe1ite Fragments 0.4 1.0 3.5
Sandstone 016 Tr 1.6
Detrital.Carbonate 0.4 Tr
Fossil Fragments
Misc.
Unidentified 1.0 0.8 1.2
TOTAL 100.0 ,100.0 100.0 100.0 100.0
Composite Qtz-Fe1d 3.2 0.4 0.2 1.0 3.4
Composite Fe1d-Qtz 2.6 0.8 0.8 0.8 3.5
Composite Feldspar 0.4 0.2 1.2 0.6 1.0
Composite Quartz 5.6 4.4 0.6 1.4 12.6
Calculated Parameters

A 73.4 89.1 20.3 73.9 80.6
B 20.8 8.5 32.2 14.9 12.1
C 5.8 2.4 47.5 11.3 7.3
D 69.5 88.7 20.0 72.7 76.6
E 17.2 7.4 29.4 13.2 6.9
F 13.3 3.9 50.6 14.1 16.5
G 83.9 95.8 28.3 83.7 82.3
H' '9.1 1.9 35.4 4.4 10.6
I 7.0 2.3 36.2 11.9 7.1

TABLE 11 (Cont)
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Analysis Number
-Cornponent . 63 X ()

Quartz 7.5 56.4 25.3
Plagioclase Feldspar 23.5 13.6 5.9
Potassium Feldspar 0.1
Detri tal Mica '0.2 0.3
Pyroxene 0.1 0.2
Sphene (?) 0.1 0.5
Argillaceous Matrix 24.9 15-.7 7.7
Secondary Carbonate 6.7 1.6 2.7
Opaque 0.6 0.4 0.3
Micrographic Qtz-Feld 4.0 2.3 4.6
Fine-grained Mafic Rocks 12.9 4.4 5.3
Fine-grained Felsic Rocks 13.1 2.8 4.1
Chert and "Chertyll Rocks 4.6 0.9 1.3
Sericitic Fragments
Pe1ite Fragments 0.4 0.6 1.1
Sandstone 0.2 0.5
Detrital Carbonate Tr 0.1
Fossil Fragments
Misc.
Unidentified 1.8 0.7 0"7
TOTAL 100.0 100.0

Composite Qtz-Feld 3.8 2.0 1.6
Composite Feld-Qtz 3.0 1.7 1.3
Composite Feldspar 3.6 1.0 1.0
Composite Quartz 3.6 3.7

.Calculated Parameters
A 11.4 69.4
B 35.5 16.8
C 53.1 13.8
D 5.6 67.0
E 25.5 13.4
F 68.9 19.6
G 7.5 77.4
II 29.3 10.0
I 63.1 12.7

TABLE 11 (Cont)
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sandstones of the me~er. One population, contains more
than 70 percent quartz" as a principal detrital constituent,
whereas the second population, has less than 50 percent quartz.

The field of the second population (represented by
two analyses) lies \'lithinthe field established for the
sandstone-slate member. It is possible th~t more
analyses of quartz-poor sandstones from the member would
broaden the quartz-poor field, making it more or less
.coincident with that of the sandstone-slate member.
'Lo\verContact

The Frenchville Formation overlies the Winterville,
.Madawaska Lake, and Aroostook River formations in addition
to the Pyle Mountain Argillite (Castle Hill area) as
established by Doucot, et ale (1964a)'. Though it has
been extensively mapped in the area of this study, tlle
basal contact is rarely exposed. It has been observed,
however, at three localities, where angular, (t~10cases)
and conformable (one'case) relations can be demonstrated.

'In a few areas the contact can be closely located, but
the nature of the interface is not well known.. '

The Frenchville overlies the Aroostook River Formation
conformably; an'unconformity is inferred to exist between
the Frenchville and the other three older units for the
following reasons:

(1) The basal contact of the conglomerate member of
the Frenchville with the underlying Winterville and
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Madawaska Lake formations was observed at two exposures.
Angular relations exist at both localities.

(2) There is a general absence of demonstrable
pre-Late Llandoverian Frenchville strata. The seventeen
fossil localities in the formation, from every subunit
except the graywacke member, indicate ages of Late
Llandoverian or younger. The gra~~acke member may be
somewhat older than Late Llandovery, but no direct
paleontologic evidence is available.

(3) The pre-Frenchville units are in large part
Ashgillian or older. It is possible that lower Llandoverian
strata are present in the Madawaska Lake Formation, but
again no direct paleontologic evidence exists and the
possibility is based on stratigraphic arguments in the
Van Buren area •

.(4) There is an abrupt change in type of sedimen-
tation across the contact, particularly where the con-
glomerate men~er of the Frenchville is present.

Angular Unconformities. In the village of Ashland
at fossil 'locality 1, the contact between the Frenchville
Formation and the underlying Winterville Formation was
exposed in.the basement excavation for a house. The
location, excavation geology, and local geolog~c setting
for the exposure (now covered) are given in Figure 24.

The Winterville Formation, below the contact, consists
of olive~green pebbly argillite, gray to black altered
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Figure 24: A geologic map and cross-sections of the
angular unconformity between the Winterville and
Frenchville formations at fossil locality 1, in Ashland.
The'contact is no longer exposed.
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slate, and minor thin-bedded black chert. In the east
wall of the excavation', three beds of the. Frenchville
were observed above the contact:

Bed I (lowest): Gray, poorly sorted, brown-
weathering, pebbly, coarse lithic graywacke. Modal
analysis of this sandstone is given as analysis 15 of
Table 8. Pebbles of chert, olive-green pelite, quartz,
mafic and felsic volcanic rocks, and detrital carbonate
are common. Pelite fragments are unusually abundant,

.both as angular pebbles and 'sand-sized fragments. Bed I
varies from almost zero thickness to 2 feet (60 cm)
thick and contains a quasi lenticular bed of medium-
grained. lithic graywacke.

Bed 2: Medium- to coarse-grained iithic graywacke •
.Pebbles, though present, are less abundant than in Bed 1.

Bed 2 varies from 8 to 10 .inches (20 to 25 cm) in
thickness.

Bed 3 (highest): Rusty~brO'\'ln-weathering pebble
.conglomerate. Angular pebbles of ol~ve-green and black
pelite dominate, with chert, volcanic, carbonate, and
quartz fragments forming lesser proportions.

'To the east of the excavation are glacially polished
pavement' exposures of thick-bedded sharpstone pebble
conglomerate and less interbedded lithic graywacke. These
conglomerate exposures (still visible) are typical of
the conglomerate member, except for the conspicuous
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abundance of pelite (olive'.green, gray, and black) and
limestone fragments.

The interface be'tween the Frenchville and v7interville

formations is sharp and, s~ far as could be observed,
planar. A thin (l(~ss than 1 inch or 2.5 em) interval of

broken pelite debris is discontinuously present bet\'leen

Bed:..l and the underlying argilli te und slate. These
pelite fragments are very similar to the underlying
argillaceous strata in both H fresh" and 't'leathered
appearance. Rounded and subrounded pebbles of chert and
volcanic rocks are mixed \~ith the pelitic fragments but
are rare ..

As shown in Figure 24, the attitude of the Winterville
strata is both.s~bparallel and discordant to the beds of
the Frenchville. The maximum an~ularity observed at the
contact is 24 degrees in strike and 37 degrees in dip:.
No indication of relative motion of the overlying and
underlying rocks was observed.

The contact exposed at locality 1 is interpreted to
be an angular unconformity. lIUnfolc1ingllthe Frenchville
strata produces a pre-Frenchville attitude of N3lW 37N
for the Winterville beds with maximum discordance. The
unexposed extensions of this contact to the north and
south arc inferred to represent this same unconformity.
The basal contact of the Frenchville east and northeast
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of Ashland (but south of the Alder Brook Fault) is
similarly interpreted •.

On the west flank of the Stockholm Syncline south
of Madawaska Lake the contact between the Frenchville
and slates of the Madawaska Lake Formation has been
observed. An excavation made by the writer at DR 1309
on the south side of the major lwnber road from Blackstone
Siding (Figure 25) revealed a discordant contact between
the slate and pebbly graywacke. Approximately 5 feet
(1•.5 m) of the contact was made visible (Figure 26).

The exposed lower surface of the pebbly sandstone
is not plane; it consists of asymmetric "ridges" and
"troughs II \.,hichare casts of irregularities in the
surface onto which the sand was deposited. The center
"ridgell had a bulbous termination which fell off during
excavation. This bulbous .termination, coupled with the
morphology of the ridges' themselves, suggests that tile
features are large, asymmetrical flute casts. The left-

.hand (lo\.,est)"ridgell shown in Figure 26 is the least
asymmetrical, and diminishes in height and broadens
slightly bef~re it disappears •

.The flute molds were scoured int6 the slate substratum;
the cohesiveness of the slate was sufficient to allow the
undercutting represented by the pronounced curl of the
steep face of the flute casts (Figure 26). More pro-
nounced curling was observed on the bulbous termination
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S~c.

Figure 25: Geologic map of the Blackstone Siding area.
Geologic symbols are giv~n in Plate II. Dotted lines
outline a quarry; dot-dash lines are lumbering roads.
An angular unconformity between the Frenchville and
Madawaska Lake formations is exposed at DRl309.
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Figure 26: Angular unconformity between the Frenchville
and Madawaska Lake formations near Blackstone Siding
(DR 1309). The plane surfaces in the underlying slate
that dip toward the water represent the bedding of the
Madawaska Lake; the near water-line on the bedding
surfaces provides a convenient strike reference. The
hammer.rests on the overlying ~renchville sandstone bed,
~he under.surface of \'lhichforms three "ridges" discussed
'in the text. Note the general parallelism of the ushallowu

slope of the central ridge and the bedding in the slate.
'Hammer is 12.8 inches (31.8 cm) long.
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Fi.gure: 26
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\-lhich\-louldrepresent undercutting at the "beak It end of
the flute cast.

A lineation which crosses the trend of the flute
casts at a small angle is also present on the sale of
the sandstone bed (Figure 27). This lineation is produced
by 1-2 rom "steps" on the surface which are interpreted to
be impressions left by the upturned and differentially
eroded bedding of the slate. The'bedding attitude of ~tge
Frenchville sandstone (basal surface) and Madawaska Lake
slate, plunge of the lineation, and plunge of the flute
casts are,depicted on a stereographic net (lower hemis-
phere) in Figure 28A. ~he plunge of the lineation is
shown to be close to the plunge of bedding intersection;
the difference is within the uncertainties of the measure-
ments on the irregular sale of the sandstone bed. The
plunges of the flute casts are also subparallel to the
bedding intersection.

Simple unfolding of the Frenchville beds produces
the pre-Frenchville attitude of the Ordovician slates
(referred to the present north-south line)'and indicates
the bedding, lineation, and 'flute-mold relations on the
erosional surface (Figure 28l3).' The general parallelism
of the gentle slop of the flute cast to the bedding planes
in the slate (see Figure 26), suggests that the scouring
of the slate surface may have been at least partially
controlled by its internal layering.
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Figure 27: Close-view of the under surface of the basal
'Frenchville sandstone showing the lineations referred to
in the text. Slate bedding surface in the lower right
corner of the picture intersects the sole of the sandstone
bed along a line parallel to the lineation.

193



Figure 28: A. Lower-hemisphere stereo~raphic presentation
of the present Frenchville and l>1adawaska Lc?J<:ebedding

at:titudes I li.l'l(~ation.plunge, and f~ute cast plunge at

the uncon£ormi ty sho\vn in Figures 26 and 27. Parallelism

or subparallclism of the trends of the bedding inte~('-

section, lineation, and flute casts is suggested.
B. A stereographic presentation of the pre-

Frenchville. relationships of the .Mada\-laska Lake bedding,

lineation, and flute molds (casts) .,:refe'renced to present

north.
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Within the area shown in Figure 25; the basal contact
is closely approached at two other places. Along Alexander
Brook just east of DR 1309, green and red slate underlie
the sandstones of the Frenchville, and the structural data
suggest an angular re1atio~ship. Along the lumber road,
just west of the Little Madawaska River, olive-green
slates are separated by approximately 120 feet (37.6 m)

of cover.from thick-bedded pebble conglomerates of the
Frenchville.

Disconformities or Angular Unconformities. The
basal contact of the Frenchville in areas where the
sandstone-slate and quartzose sandstone members are
present has not been observed but is closely located
in three areas:

(1) For the Castle Hill Area (Figure 16), Boucot,
et a1. (1964a) suggested an unconformable, possibly
C1isconformable, relation between the Frenchville and
Pyle Mountain. Although the writer has modified the
d::i:~tribution of the Frenchville in the plunge of the
Castle Hill Anticline and obtained more structural control,
the exact nature of the contact continues to be. uncertain.

(2) West of Story Hill (Figure 19), strata on both
sides of the Madawaska Lake-Frenchville (sandstone-slate
member) contact are parallel in strike; the dips are
steep and vary about vertical. A disconformity is a
strong possibility in this area.
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(3) North of Stockholm (Figure 21), parallelism in
strike and steep d~p~.~also characterize the Madawaska
Lake and Frenchville (quartzose sandstone member) beds
on opposite sides of the contact, and a disconformity is
again quite possible.

Conformity. ~he Frenchville rests conformably on
older strata only where it is underlain by the Aroostook
River Formation. In the anticline north of Ashland
(F~gure 9) the contact is exposed at fossil locality 25
and DR 798 (see discussion of the Aroostook River
Formation). There, the gra~~acke member is in gradational
contact with the Aroostook River and is in turn overlain
by the conglomerate member.
Thickness

Structural complexity and lack of precise contact
location in many areas prohibits precise determinations
of formational thicknesses. The following discussion
is based on estimates from numerous cross-sectional
profiles, a fm~ of which are presented in Plate III.
These profiles do not represent completely independent
~stimates of thicknesses since thickness assumptions are
required in areas of poor structural control. The thick-
ness values presented for the Frenchville (and other units)
are those that best fit all the available structural and
stratigraphic evidence in each area.
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In the Ashland area (south of the Alder Brook Fault)

only the conglomerate member is present. In the vicinity

of locality 31 the member has a minimum thickness of zero

(?) feet but thickens northward to possibly as much as

1500-2000 feet (457-609 m). Approximately 2650 feet

:(807 m) of the member is present, in Ashland, between

the unconformable basal contact at locality 1 and the

overlying unnamed sandstone and slate unit.

The thickness of the Frenchville section overlying

the Aroostook River Formation at DR 795 (Figure 9) may

be subdivided as follows:

Graywacke Member 500 feet (153 m)

Conglomerate Member 700 feet (214 m)

Feldspathic Sandstone Member 2250 feet (686 m)

Total 3450 feet (1053 m)
I

In the northern part of the Ashland quadrangle (section C-C

.of Plate II) a total formational thickness of about 3750

feet' (ll!l4m) is present which consists of:

Graywacke Member 500 feet (153 m)

Conglomerate Member 2250 feet (686 m).

Feldspathic Sandstone Member 1000 feet (305 m)

These figures suggest a thickening of the conglomerate

member and a thinning of the overlying feldspathic

sandstone member as the units are traced northward from

the vicinity of locality 35 (Figure 9). The gra~~acke

member is present only along the anticline west of
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of Frenchvillej. it 'does not occur bet\'leen1:he conglomerate
member and the Hada"lilskaLake Formation on the flanks of
the small anticline northeast of Frenchville (Figure 4).

The graY'1ackc member is therefore inferred to \"rec1g-e out

eas t"lard from its occurrence along rand west of, the
,

Aroostook River (Section C-C', Plate III).
On the west flank of the stockholm 11oun"tainSyncline,

the conglomerate and quartzose sandstone members are both
between 3000 and 3500 feet (914-1070 m) thick. The
conglomerate member apparently thins to approximately
1500 feet (457 rn) : southwest of where the basal contact
crosses the Little Nadawaska Biver (Figure 4), but
structural defini~ion in this area is poor.

East of the Stockholm J:.1ountainSyncline the thickness
of the Frenchville is difficult to estimate, since the
base of ..the formation is generally not' exposed. In the
Story Hill area (Figure 19) a minimum of about 2500 feet
(761 m) of the sandstone-slate member is present between
the Madawaska Lake and Jemtland formations; ho\"cver, the
presence of internal folding, possible faulting, and
uncertainties in the location of the upper. contact
suggest that this figure could be as much as 1000-2000

feet (30S-610 m) too low. In the Castle Hill Area as
much as 7000 feet (2119 m) of Frenchvi.lle is suggestedr

but the thickness of the formation in the plung::~area of
the Castle Hill Anticline is probably exaggerated
because of structural thickening. during folding and the
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presence of unrecognized faults.
In summary, the Frenchville over most of the area

has an aggregate thickness of between 3000 'and 4000 feet
(914 to 1220 m). In the Ashland area and along portions
of the western limb of the Stockholm Syncline, much
thinner sections a~e present; in these areas the con-
glomerate member is the only subunit present. The
conglomerate and feldspathic sandstone members are quite
variable in thickness within the northern part of the.
Ashland quadrangle.
Age

Seventeen fossil localities have been found in four
of the five Frenchville members. The paleontologic data
from these localities are given in Table 12. Collectively
these data indicate a possible age span of Late Llandover-
ian (el) to Early Ludlovian for the Frenchville. Regional
stratigraphic relationships (see Figure 5) with the
overlying Jemtland Formation and the unnamed sandstone
and slate unit (Ashland area) suggest that the youngest
age is \'Jenlockian(probably Early vlenlockian). Since the
graywacke member is stratigraphically between units of
Late.Llandoverian and Ashgillian-or-Early Llandoverian
ages, it is possible that it represents a local middle or
lower Llandoverian phase of the Frenchville.

Conglomerate Member. Fossil locality 34 is from
appro~imately 500 feet (153 m) above the base of the
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Table 12: Fossil localities from the Frenchville Formation.
All graptolites identified by W. B. N. Berry; all brachio-
pods, corals, gastropods, and trilobites identified by
A. J. Boucot; conodonts from locality 33 identified by
c. Rexroad; conodonts from locality 43 identified by
G. Klapper; Artriotreta identified by R. B •.Neuman; Plants
identified by J. M. Schopf. Data for localities 35 and
36 from Boucot, et al.' (1964a). The following ages are
assigned to the collections: localities 28, 35, and 36,
C4 - C5 of the L~andoverian; localities 32, 40, and 42,
Late Llandoverian; localities 30 and 38, C3 of the
Llandoverian-Wenlockian; locality 29, pre-Wenlockian,
probably c4 - Cs of the Llandoverian; locality 41, Late
Llandoverian (zones 22-25); locality 44,C3 - C5 of the
Llandoverian; localities 34 and 43, cel16ni Zone (conodont)
or approximately C2 - C4 of the Llandoverian; locality 33,
Cs of the Llandovexian-Earliest Wenlockian; locality 37,
C40f the Llandoverian-Early Wenlockian; locality 39,
Late Llandoverian-Ludlovian; locality 31, Nenlockian-
Ludlovian. Fossil localities are grouped by members:
conglomerate member (Sfc), feldspathic sandstone member
(Sff), quartzose sandstone' member (Sfq), and sandstone-
slate member (Sfs).

201



FAUNA LOC.ALlTY, Sf(, 1!Icf' !If\ , SfS I

U Zq 30 31 5Z 33 314 '3S ~b '37 3'8 !q 110 III 1/2 'IJ iiil
I cf
I II

X
If Ie

If
x

X

x
X

ll?
If

lC
II' )C

X
X

! l
X I

X I( If
X

tt tf.
X

IC
II

lC I

X X X I • )(

lC
l( lC JC X

I(
X I X x

If
X X • X X r

xr
If!
X

If
X

l( It
lC

X X
X X X X X

X
II I

lC lC )l

X
11 l

I I xl I I I I I
I X I
I I I I X

f--'- T I I I )C X7

I I I T I T I I 1
II( I I I I I I x

I I I I I I II I I I I I j I

l(
~.

X
x I
l(

- - I-
I I I T I I I I Ix I I I T I
I I I r I I I I Ix\ I I I I I

TABLE 12

202



conglomerate member where that member overlies the
Madaw~ska Lake Formation north cf the village of French-
ville (Plate I). Conodonts from this exposure indicate
an age range of C2 - C4 of the Llandoverian,and the beds

-represent the IO\'1eststratigraphic horizon thus far
dated \'1ithin the Frenchville north of the Alder Brook
Faul t. Higher above the basal contact (\vith the
Winterville) and just south of the Alder Brook Fault
are two pebbly mudstone localities in the member which
yielded C4 - Cs faunas (localities 38 and 29). Locality
30 near Ashland and about 1500 feet (457 m) above the
unconformity at locality 1 (Figure 24) has produced
fauna indicative of a C3 - Earlies~ Wenlockian age.

At locality 31, east of Ashland and a few tens
of feet above the basal contact, a Wenlockian-Ludlovian
assemblage was obtained, thus establishing the presence
of post-Llandoverian strata in the conglomerate member.
The conglomerate at locality 31 is near an inferred
wedge-out of the member and is interpreted to represent

.post-Llandoverian southward onlap of the facies onto the
Winterville source terrane. The possibility of a
Ludlovian age for locality 31 is considered remote, since
no indication of post-Hcnlockian Frenchville is present
elsewhere where stratigraphic control is better.

Along the western flank of the Stockholm Mountain
Syncline. the conglomerate member is of I.3.teLlandoverian to
earliest Wenlockian age as indicated by localities 32 and
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33. Lo.cality 33 (Cs to earliest t'Jenlockian) is approximately.
85 feet (26 m) below the upper contact of the member with
the Jemtland (see Figure 23). It is therefore probable
that the upper phase of the Frenchville along the western
flank is Wenlockian; this is consistent with the data
from the Ashland area. The age of the base of tne member
along its contact with the Madawaska Lake Formation is
not well established, and pre-Late Llandoverian ages are
possible.

Feldspathic Sandstone 1-1ember. Locality 35 (C4 - Cs)
is the. only dated exposure in this member. The presence
of C4 - Cs strata well above the conglomerate member
(about 1250 feet, 380 m) suggests that in the type area
(Figure 9) tl1e conglomerate merober is no younger than
Late Llandoverian (C4 - Cs). The implications of varia-
tions in the age of the upper parts of the conglomerate

.member between Frenchvil'le and the Ashland area to the
south will be discussed in a suhsequent section.

Sandstone-Sle.te and Quartzose Sandstone Hernbers. A
total of nine fossil localities (36~44) have been found
in these t1::10members. They are consistent tvith an age
span. of Late Llandoverian-Early Henlockian established
for the .conglomerate and feldspathic sandstone members.
Locality 29 (Late Llandoverian-Ludlovian), in the strata
transitional from the Frenchville to the Jemtland Forma-
tion (Figure 21), is overlain by Late Llandoverian-
Wenlockian localities (88 and 90) in the Jemtland; these
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younger localities preclude the possibility of a Ludlovian
age for locality 39 (see Figure 21) tor relationships).
Near Martinis Siding (northeast Stockholm Quadrangle),
slates of the New Sweden Formation containing zone 19
(A4 - B1) graptolites (locality 47) are interfingered with
the quartzose sandstone member (Plate I) near its base,
which suggests that the lower Frenchville there is late
Early or Middle Llandoverian in age.

Brachiopod Communities. Ziegler (1965), in a study
of Llandoverian brachiopod f.aunas of Wales and the Welsh
Borderland, found that the fossil assemblages form several
characteristic groups or communities .. He was able to
relate these communities to each other and to show a
regular. distribution of the communities with respect to
the Llandoverian shoreline. The following five communities,
listed in order of increasinq distance from shore, were
recognized:

(1) Lingula community (coastal)
(2) Eocoelia community
(3) Pentamerus community
(4) Stricklandia community

.(5) Clorinda community
Ziegler listed the "characteristic" and "associated"

species for each community and pointed out that adjacent
communities have many common species but separated groups
are mutually exclusive. The communities are not strongly
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lithofacies-dependent, "but there is a general tendency
for communities 1 and 2 to occur in sandstones, communi-
ties 3 and 4 in sequences of varying proportions of
sandstone and shale beds, and community 5 in shale"
Ziegler, 1965).

-Depth of water was shown to be a critical factor in
the establishment of a given community; fo~ example, a
bed underlying a 20-foot thick pillow basalt contains
the Eocoelia community, while the bed overlying the flow
has the Lingula community. Shallowing of 20 feet was
apparently sufficient to displace the Eocoelia and
establish the Lingula community. In a similar fashion,
a shallowing of 135 feet was found adequate to displace
the stricklandia community and establish that of Eocoelia.

As shown in Tabl~ 13, many of the Frenchville fossil
localities containing brachiopods have a mixture of
elements from two or more of Ziegler's brachiopod com-
munities. Since most of the fossil collections contain
badly broken shell debris and mixtures of brachiopod
communities (Boucot, oral communication, 1969), the
faunas together with the enclosing detritus must have
been .transported offshore'before deposition. The depth
of deposition would be that of the deepest (most offshore)
community present, or possibly deeper. Although the mixing
of two adjacent communities could conceivably occur as the
result of deposition in the transitional zone between the
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Fossil
Formation/Locality Community Remarks

L E P S C
Frenchville

28 X

29 X

30 Sfc X?

32 X X

33 X

35 Sff X X X

36 X X X

37 Sfq X X? X

38 X X

42 X X
Sfs

44 X

New. Sweden
45 X X X Shells in good condition

46 X? X X Shells in good condition
Spragueville

106 X? X X S.hells in good condition

TABLE 13
Llandoverian brachiopod communities as defined by Ziegler
(1965) that are represented in fossil localities of the
Frenchville, New SW~den, and Spragueville formstions.
L=Lingula Community; E=Eocoelia Community; P=Pentamerus
Community; S=Stricklandia Community; C=Clorinda Community.
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communities, the presence of three communities indicates
the mechanical mixing of shell material from different
depths during sediment transportation down a slope.

~arly Silurian Plants. At. fossil locality 37 there .
.is ..an unusual occu.rrence of Early Silurian plant remains.
Small plant axes and foliose (?) alga~ fragments from the
two lower laminated si1ts.tone layers (Figure 22) have been
described by; Schopf, et ale (1966). The sediment-filled
tubular piant axes (1-2 rom in diameter) are assigned to
a ne\',genus and species (Eohostirnel1a heathana Schopf)
\"hich .i.sinterpreted to be a possible "transmigrant form"
from which vascular plants may have evolved. Since
cross~sectional views of the plant axes ,~ere commonly
observed on surfaces parallel or subparallel to the
bedding lamination, it was. suggested that they are the
remains of erect plants which may have been preserved
in ~ growth po~ition.

Schopf suggests that the plant axes may represent
.a land (emergent) form, but the absence of preserved
vascular tissue characteristic of primitive Devonian land
p~ant? precludes definite assignment to a ~ubaerial
growth environment. AdditJ.onal doubt concerning an
emergent environment. is caused by the asso.ciation of the
plant-bearing beds with more massive sandstone containing
marine shelly fossils. The shelly assemblage contains
the Stricklandia community (Table 13), a relatively
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offshore group,' mixed tolith the shoreward< Eocoelia and
Pentamerous (?) communities. Since no record of trans-
gression or regression is present (Figure 22), it is
reasonable to infer that the beds containing the plants
\'1ereformed at least as far .offshore as theStricklandia
environment.

If the plants are indeed in growth positions and
represent a mar~ne flora, then their presence places some
constraints on the water depth.

A minimum li~ht intensity of about one percent of
noon sU!11ight is required for modern marine green plants
to grow, and this level of illumination is ordinarily used
to define the base of the photic layer (Nielsen, 1963;,
Clarke and Denton, 1962). In marine waters free of
particulate and dissolved organic matter the base of the
photic layer would be about 459 feet (140 m); hrnvever,
in the ~o~t transpare~t ~ode~n ocean water (Sargasso'
Sea) the lower,):>oundary is nearer 393 feet (120 m)

. (Nielsen, 1963). These considerations suggest that the
depth of tolaterduring the deposition of the clastic
material at locality'3? was on. the 9rder o! hundreds of
feet (tens of meters), which is'in general agreement'with
the limited depth information available on the brachiopod
communities given by Zi.egle'r (1965).

NE~v S~'lEDEN FORHATION
Name and Distribution

Boucot, et ale (l964a) defined the Perham Formation
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as consisting of a ~ower, largely slate member and an
upper, mostly calcareous siltstone and micaceous shale
member. Since these members fllaybe mapped over an exten-
sive area outside the Presque Isle quadrangle and repre-
sent distinctive lithofacies, it is here proposed that
they be elevated to. formational rank and together form
the Perham Group. The lower member is here named the
New Sweden Formation after the community of New Sweden,
in the north-central part of the Caribou quadrangle.
Rocks assigned to this formation form:' a belt extending
from the town of Mapleton northward through New Sweden
to the St. John River Valley near Van Buren. The unit
also is present extensively on the west flank of the
Stockholm Mountain Syncline along the St. John River
Valley in both Maine and NffiqBrunswick (Hamilton~Smith,
1969).

The formation is well exposed in the vicinity of
New Sweden and particularly. on Capitol and Gelot hills,
where red and green slates containing intervals of mangan-
iferous ironstone are found (~1i1ler, 1947). The principal
lithologic features of both the New Sweden and Jemtland
formations may be seen in the vicinity of Perham (Figure 29).
Just northeast of Perham, near fossil locality 49, there
is a partial section through the Perham Group which was
cited by Boucot, et al. (l964a, Appendix IV) as the type
section for the Perham Formation of their usage.
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!-,ithology
The New Sweden Formation. is almost entirely a .slate

sequence. Loc~lly intcrlayered with the slate are

limestone, fine and medium sandst:one, bO.ndcd manganiferous
ironstone, and pebble conglomerate. The slate is altered
to hornfels near teschenite and granite intrusives in
the Presque Isle quadrangle (Boucot, et a1., 19G4a).

Slate. ,Approximately 90 percent of the exposed rocks

of the Nc.'\.,S~:ledenis slate. The slate is typically
calcareous and phy~litic in appearance. Flow cleavage,

approximately parallel to the axial planes of folds,
charc:::,ctcrizesthe phyllitic slates; a silver-gray silky
sheen is common ~ti clcavnge surfaces. Calcareous silt-
stone laminae are usually abundant and may be folded on

a small scale.
Red, green, and green~gray slate, generally non-

calcareous, is abundunt local.ly in the fret., ~\',edensection,
particularly in th~ vicinity of the manganiferous, iron-
stones and shales. These slates are well developed near
Mapleton, along Turner Road (northwest of Mapleton),
and on Capitol and Gelot hills near New Sweden. Along
Turner Road, red slate (e.g. at' fossil locality 45)
immediately overlies the Pyle Hountain l\rgi IIi t:e and thus

forms the base of the Ne,.,SVlcden Formation along much
of the eastern flank of the Castle Hill Anti.cline. At
the Dudley manganese dcposi t just ,',cst of l\'!aplcto~
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Figure 29: Geologic map of the Perham area, Caribou
quadrangle. Type section for the Perham Formation
(Group of this report) cited by Boucot, et ale (1964a)
is the series of exposures extending east from fossil
locali ty 49. "X" marks sho\-lthe traces of exposed
manganiferous ironstone horizons. Geologic symbols
are shown in Plate II. Dotted lines outline cleared
areas and dot-dash lines are farm or lumber roads.
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(Miller, 1947),similar slates associated with ironstone
are present in contact with the Jemtland Formation and
are therefore at the top of -:'.theformation. Else\'lhere, red
and green slate are present in the formation at various
stratigraphic levels, but because of poor exposure these
occurrences cannot be correlated over significant distances.

Limestone. Gray aphanitic and argillaceous limestone
in thin beds, lenses, or nodules is present at most expo-
sures and comprises 5 to 8 percent of the Formation.
These limestone layers rarely exceed 2 inches (5 cm)

are
in thickness and/identical in appearance to those of
the Carys Mills Formation. Cleavage commonly segments
these limestone beds, forming a series of "lenses"
elongated parallel to the cleavage direction. In some
exposures, these "cleavage lenses" may be misinterpreted
as originally lenticular limestone beds; usually, however,
internal lamination within the limestone or enclosing
slate indicates true bedding.

Sandstone and Conglomerate. Sandstone and conglomer-
ate form less than 5 percent of the Ne\'lS\veden. Thin
beds of fine sandstone (less than 3 inches or 7.5 cm thick),
commonly'calcareous and laminated or cross-laminated, are
interlayered with the slate at several localities.
Coarser sandstone and pebble conglomerate are less common
and are present only in the western parts of the formation.
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Hedium-graincd 9ray,vac}~e and arer.:Lteare in1.:erbeddccl

\-lith the phy IIi tic slates 1110ng the cas'l: limb of the

syncline shown in Figure 19 (\\'cst of \'lu~>hburn) a.nd may

be observed at DR 906 (Figure 16) and fossil locality 46,

(Figure 19). 'fIle sandstones are commonly cp:adc~d and

locally are calcareous, as at localitv 46.

The only conglomerate bed observed in the New Sweden

is located east of Castle IIill and in fields nor.th of

Baine Haute. 227; the bed is near the Nc,';, S,'Jedcn-Jemtland

contact on .the cast liwb of a smnll LJcmtlbnd infold

\-1i thin the Ne,'7 S\'leden terrane. '11he cong lomera te is

composed'of angular to rounded chert anu felsitic volcRnic

pebbles with 1es~cr mafic volcanic fragments, is interbe~ecd

with feldspatllic gra~~acke and green-gray slate, and is

lithologicnlly similar to conglomerates in the Frenchville

to the west.

Nodal analyses of two medium-grained sandstones frOM

the NC\-l S\'lCcten arc given in 'l\:tblc 14. Analvsis G4 is frOl11

sandstone associated Wi~l the congloITcrate east of Cnstlc

Iii1l and anulysis 65 is from DTI 906 (Finure IG).. ~[ll1e rela-

tively high contents of qUcl.l;tz, feldspar,' micrographic.

quartz-feldspar and other composite grains indic~tc close

composi tional affini ties ot" these sandstones ,vith those of

the feldspathic sandstone E~ember 0'£ the Frenchvi lIe ..

Ironstone. \'lhitc (1943), I'.!i11er (1947), and Pavlic:cs
(1962) huve c1escriLed in detail the numerous let;:1inated,
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Analysis Number

Component 64 65

Quartz 31.6 32.8
Plagioclase Feldspar 31.2 24.6
Potassium Feldspar 0.6
Detrital Mica 0.4
Pyroxene
Sphene (?)
Argillaceous Matrix 18.4 9.6
Secondary Carbonate 0.6 0.6
Opaque 0.2 4.4
Micrographic Qtz-Feld 13.8 19 ~O
Fine-grained Mafic Rocks 0.2 1.0
Fine-grained Felsic Rocks 1.6 2.6
Chert and "Cherty" Rocks 1.6 4.2
Sericitic Fragments
Pe1ite Fragments 0.2
Sandstone 0.2
Detrital.Carbonate
Fossil Fragments
Misc.
Unidentified 0.2 0.4

TOTAL 100.0 100.0

Composite Qtz-Feld 4.2 8.0
Composite Feld-Qtz 1.4 7.6
Composite Feldspar 1.8 2.4
Composite Quartz 3.0 3.2

Calculated Parameters
A 39.4 38.6
B 38.9 29.6
C 21.7 31.8
D 34.2 29.2
E 34.9 17.9
F 30.9 52.9
G 52.5 35.5
H 40.6 53.0
I 6.9 11.5

TABLE 14

Modal Analyses of Sandstones from the
New Sweden Formation
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manganiferous ironstones that occur at various strati-
graphic levels within the New Sweden Formation and correla-
tive units as far south as Boulton, J:-j'ai.ne. (.[I11eironstones
in the area of this study form the llorthcrn manganese
district of Aroostook County. The manganese- and iron-
bearing rocks vary in thickness from thin beds or ia1l1inae
visible in a single outcrop to complex zones or lenses,
several hundred feet thick, .that can be traced for several
thousand feet.

As described by Pavlidcs (1962), the manganese
deposi ts consis t of t\A10 principal rock types:

(1) -Red hematitic shale( slatei and banded ironstone
(II oxide facies II) •

(2) Grc~en siliceous ca.rbonate rocks (!fcarbonate

facies"). 'llhese rock types may exist singly or be inter-

layered \.,itheach other. Barren slates, typical of the
Ne~~l St'ledenelset'Jhere,commonly enclose or ure interbedded

with the iron- and manganese-rich rock types. A typical
association of "barren" phyllitic slate, red slate,
banded ironstone, and siliceous carbonate rocJ::sis present
in the village of Perham (Miller, 1947, plate 11;
Figure 29).

The oxide facies consists of hematite-rich pelitic

rocks. These rocks may be subdivided into red slate or
shale a.nd banded (or laminated) ironstone. In the slate
mld shale,di~seminated hematite produces the red color.
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The banded ironstones typically show thinly alternating
"••••very dark red to black layers rich in hema-
tite or braunite, lighter colored red layers with
less iron and manganese oxides, and pink and gray
layers virtually free of opaq~e iron. and manganese
minerals. The lighter colored bands normally
contain carbonate and are more readily leached than
the ferruginous layers during weathering ••••The
laminations are either even bedded or wavy bedded.
Some layers pinch and swell" (Pavlides, 1962).

Speculari~ic hematite forms some laminae. Black pods
that are braunite-rich, lighter-colored pods of complex
mineralogy, and rhodonite-bearing veinlets are common in
the banded ironstones (Pavlides, 1962).

The carbonate facies of the ironstones is character-
ized by thin light-green-gray to green, chlorite-and
carbonate-rich beds. These beds may be interlayered with
gray to green~calcareous slate or beds of the oxide facies.
Pyrite, apatite and qu~rtz are important accessory
minerals; pyri~e, as single crystals, clustered crystals,
or layers, is typically present (Pavlides, 1962) •

.Magnetite-bearing rocks of. the oxide and carbonate
facies are reported by Pavlides in the Maple and Hovey
mountains area and interpreted by him to be the result of
metamorphism of the facies, particularly near the axial
planes of folds. No magnetite-rich rocks have been
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reported from the deposits in the northern manganese
district.

Miller (1947) reports the presence of thin tuff beds
interbedded with the ironstones at the Dudley deposit
near lvlapleton.
Lower Contact

The New Sweden Formation overlies the Carys Mills
and Madawaska Lake formations and the Pyle Mountain

-Argillite. The basal contact of the New Sweden has not
beep actually observed, but .it is closely approached
locally. Gradational contacts are inferred to be present
between the New Sweden and the Carys Mills and Spragueville
formations, and an unconformable (disconformable ?) con-
tact with the Pyle Mountain Argillite is probable. On
the north\vest flank of the Stockholm Hountain Syncline,
near Martins Siding, the New Sweden probably overlies
the ~ladawaska Lake Formation unconformably'; but poor
outcrop control leaves the matter unsettled.

Along most of the eastern boundary of the synclinorium
between Mapleton and Van Buren, the New Sweden Formation
overlies the Carys Nills Formation. The contact between
these two units from Mapleton to Washburn is inferred to
be a fau~t; hO\'lever,from tvashburn to Van Buren the con tact
is considered to be conformable and gradational. This
contact was reported to be present in the section cited
by Boucot, et ale (l964a, Appendix IV). The contact
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was placed in a three-foot (1 m) gap between blue-gray,
brovln-weathering limestone and "glossy, paper shale"
'they assigned to the "ribbon rock" member of the Hedux-
nekeag Formation (now the Carys Mills Formation of the
Meduxnekeag Group) and "dark-gray, brO\'ln-weathering shale"
which they defined as the lowest beds of the Perham
Formation. After examining the section and mapping
along the contact both north and south of the section,
the writer has concluded that strata assigned by Boucot
and others to the "ribbon rock" member (Carys r.1ills)
should be. placed in the New Sweden Formation, since they
consist of 80-90 percent phyllitic slate. The distinc-
tions drawn here beb~een the Carys Hills and New Sweden
are:

1. The Carys Mills contains less than 50-60

percent slate, with the remainder consisting of aphani-
tic limestone, siltstone, and graywacke.

2. Manganese- and iron-rich rocks are confined to
the New Sweden Formation.

The first. criterion for distinguishing these two
formations, which contain similar appearing slate and
limestone, is based essentially on the relative abundances
of these two rock'::l:ypes. The. second criterion is compatible
with the first/in t~at no ironstones or associated red-beds
have been found in sequences containing abundant limestone.
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These criteria are, in general, consistent witll most of
the previous mapping along the contact from Mapleton to
Van Buren by ~'lhite and Cloud (\'Jhite, 1943) " 1-1iller
(1947), Naylor (1961, unpublished data) and Smith
(1962, unpublished data). The similarity in the slate
and limestone rock types and the structural conformity
of the t\'10formations in the contact zone. suggests that
along the contact there is a gradation beb~een the
limestone-rich Carys Mills and limestone-poor Ne\'1S\'leden.

In the N.apleton area, the Netv S\'ledenoverlies the
Spragueville Formation (Boucot, et al., 1964a), but
the contact is not exposed. The contact is inferred to
be gradational on the basis of stratigraphic and paleon-
tologic evidence, discussed in subsequent sections, that
indicates that the units are largely coeval •

.Along Turner Road on the east flank of the Castle
Hill Anticline, red and green slates of the Ne\~ S\'leden
overlie the Pyle Nountain Argillite. The contact has
been closely established, though not seen, bebveen fossil
localities 17 and 45 (Plate I). The wide age difference
represented by these localities (Ashgillian and Late
Llandoverian, respectively) suggests that a disconformity
is likely.

v~est of Hartins Siding in the north\'lestpart of the
Stockholm quadrangle (Plate I), phyllitic slates assigned
to the New Sweden Formation interfinger with sandstones
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of the Frenchville Formation. In that area the New Sweden
(fossil locality 47) apparently overlies the Madawaska

'Lake Formation, but outcrop scarcity makes inferences
regarding the stratigraphic relations of these units very
uncertain. Around Siegas, New Brunswick (to the northeast
of Hartins Siding), Hamilton-Smith ,(1969) found that both
the Carys Mills and Siegas Formations (the latter esta-
blished by Hamilton-Smith) are present between the
Madawaska Lake and New Sweden. The apparent absence of
the Carys Mills and Siegas formations west of Martins
Siding suggests that an unconformity may be present
there at the base of the New Sweden.
Thickness

The thickness of the Ne\V'Sweden in the Presque Isle
quadrangle was estimated by Boucot, et al. (1964a) to
be approximately 2000 feet (600 m) along the western limb
of the Chapman Syncline. The writer's work in that area
confirms this estimate. Along its principal outcrop belt
from west of Mapleton to Van Buren, however, the New
Sweden is closer to 4000 feet (1200 m) thick (section

IB-B of Plate III).
Hamilton-Smith (1969) estimated only 600 feet (180 m)

of the New Sweden to be present in the Siegas, New
Bruns\V'ick,area.

On a regional scale the Ne;v S'"eden Formation is,
therefor'e, quite variable in thickness; a range of 600-
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4000 feet (180 ,to 1200 m) is probably a reasonable estimate
of the variation. The formation is apparently thickest
in its principal outcrop belt along the eastern margin
of the Stockholm Hountain Synclinorium, but either thins
or interfingers with other units (Frenchville and
Spragueville) laterally to the west and east.
Age

Boucot, et ale (1964a) cite two fossil localities
tha t they ass igned to the Nevl Stveden Forma tion (localities
51 and 59 of this report) •. On lithologic grounds the,

writer and Pavlides (1968) have placed these tvlO exposures
in the Je~tlandFormation; both localities represent the
basal phase of that formation.

During the course of this s.tudy, t't,vO fossil localities
(45 and 46) were found in tile New Sweden, and E. Mencher
collected definitive graptolites from slates assigned
here to the formation at locality 47 near Martins Siding.
Locality 47 was originally discovered by Douglas Smith
during reconnaissance mapping in 1961 (Smith, unpublished
information) •

The paleontologic data, shown in Table 15, indicate
that the New StvedenFormation spans the time interval of

.the Llandoverian (zone 19 or 20) to the l\Tenlockian. Since
both locali ty 45 (Turner Road) and locality 107 (t'lestof
Martins Siding) are near the bottom of the formation, it
is apparent that the basal beds vary in age from as old as
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Table 15: Fossil localities from the New Sweden Formation
(Sns) and the Spragueville Formation (Ss)~ Locality 106
is locality E-IO of Boucot, et ale (1964a) but the fossil
list is modified (Boucot, personal communication, 1970).
Locality 107 is locality 2 of Pavlides (1968). Brachio-
pods identified by A. J. Boucot, graptolites identified
by W. B. N. Berry, Portlockia identified by R. B. Neuman,
and ostracods identified by J. Berdan. The following

.ages are assigned to the collections: Locality 45, C3 -
Cs of the Llandoverian; locality 46, Wenlockian; locality
47, approximately graptolite zone 19 of the Llandoverian;
locality 106, C3 - C5 of the Llandoverian; locality 107,
graptolite zone 19 or 20 of the Llandoverian. Locality
107 is located near Limestone Maine (Pavlides, 1968) and
is not plotted in Plate I (see Pavlides, 1968).
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A4 - B3 to as young as C3 - Cs of the Llandoverian. The
seemingly gradational contact bet\"een the Carys Hills
(youngest age: zone 18-19 of' the Llandoverian) and the

along
'NeVI S\'lcden'formations/much. of the eastern boundary of

the synclinorium, and the absence of lO\'lcrand middle
Llandoverian rocks in the Castle Hill Anticline suggest
that this variation occurs over a short distance, as

,
shown in section C-C of Plate III.

The top of the formation is Wenlockian in age, since
Late Wenlockian faunas have been obtained from near the
base of the overlying Jemtland Formation (localities 51

and. 59) and a gradational contact between the b~o units
can be seen at three localities (see discussion of the
lower contact of the Jemtland). In addition, locnlity 46,
near the top of the New Sweden (see Figure 19), cont~ins
a rich fauna which Boucot (personal communication, 1965)
states is of Wenlockian age since the'r~nges' of the
Plectodonta and Leange11a genera overlap only in that
stage.

Figure 5.shows the inferred stratigraphic position
of the New Sweden and indicates the age ranges of the
fossil assemblages. Table 13 gives the brachiopod
communities of Ziegler (1965). represented in localities
45 and 46; both localities show a mixture of communities
and a low degree of fossil fragmentation. The most off-
shore group, the Clorinda community, is present at
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locality 46,where the fossils occur at the base of a
graded sandstone bed.

SPRAGUEVILLE FORMATION
Name and Distribution

~avlides (1965) defined the Spragueville Formation
.to be synonymous with the upper ("nubbly") member of the
"Aroostook Limestone" as used by White (1943) and the
"Unnamed Silurian Limestone" of Boucot, et a1. (1964a)
(refer to Figure 2). The writer and Pavlides (1968)

have modified the distribution of this formation in the
Presque Isle quadrangle from that presented by earlier
workers, and Mencher, Roy, °and Pavlides (unpublished data)
have mapped a synclinal infold of Spragueville in the
Carys Mills terrane in the vicinity of Fort Fairfield
(Figure 1).

Pavlides (1965) designated the vicinity of the village
of Spragueville (south of Presque Isle) as the type area.
Excellent exposures of the unit are also found along Maine
Rou.te 163 near Hapleton ato:and near fossil locali ty 106.
Lithology

Thinly interbedded and.interlaminated medium-gray
silty pe1ite and light-gray silty limestone or calcareous
siltstone comprise most of the Spragueville Formation.
At most exposures this interbedded sequence is subdivided
into layers that are 0.5 to 6 inches (1.3-15 em) thick;

°227



this layering gives the unit a flaggy appearance. The
layers are bounded by partings along pelite beds which may

.represent planes that were kinematically active during
folding. Medium-gray, aphanitic limestone similar to
that in the underlying Carys Mills, (Figure 30A) and light-
gray, orange~weathering, silty and sandy limestone are
important minor rock types in the formation.

Cleavage is generally absent. or very poorly developed
in the Presque Isle-Mapleton area, where the formation is
involved in the broad Chapman Syncline. In ti1e more
complex synclinal infold of the formation near Fort
Fairfield, cleavage is better developed, especially near
the base of the unit.

The characteristic features of the thin-bedded and
lamina~ed rock type are shown in Figure 30. The light-
gray laminae are composed of carbonate and variable
amounts of quartz, feldspar, mica, detrital carbonate,
and bioclastic debris. The darker gray pelitic intervals
consist of a carbonate and argillaceous matrix enclosing
silt-size quartz, feldspar,and mica grains. The silt-
size mica flakes are oriented parallel to the bedding.
In F~gure 30B, internal layering is visible within the
pelite beds. This layering is caused by apparently
cyclic variation in the relative amounts of carbonate
and argillaceous material; within each layer, the carbonate-
argillaceous ratio decreases upward. Similar internal
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Figure 30: Illustration of the thinly interlayered
character of the Spragueville Formation.
A. outcrop photo showing a thin aphanitic limestone
bed (gray) in the thinly interlayered sequence. Wet
surface shows silty carbonate (orange) and dark pelite
layers as well as one trun"cated animal (\1'orm?)borina

which appears as a "knot."
B. Sawed and lacquered surface cut perpendicular to
a flaggy layer. Small scale deformation of the
"light-gray beds (silty carbonate) and internal layering
of the pelitic beds are evident. White vein is composed
of calcite.
Knife is 3.5 inches (9 cm) long.
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Figure 30
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variations can be seen in some of the light gray laminae,
where "clay" concentrations appear to form the top of
each cycle.

Small-scale deformation of the laminae is almost
always present. Folding of the light-gray beds, comnlonly
approaching a ptygmatic morphology,. and small offsets
are typical... In thin section, isolated "balls" of
carbonate-quartz material and similar "balls" terminating
laminae have been observed that may have been produced
during deformation. The small-scale structures are
principally responsible for the irregularities that are
typical of the surfaces of the flaggy layers.

The interlaminated sequence commonly sho\1s evidence
of burrowing animals. Roughly cyclindrical, sediment-
filled "tubes" up to 1-2 em in diameter cut across, and
disrupt, the layering (Figure 31); networks of small
tubes that are more or less confined to a single bedding
plane have also been observed. The sediment filling in
some of the larger tubes is partitioned into segments
by thin clay-rich (?) seams (Figure 31). These animal
(worm?) borings are commonly seen on weathered surfaces
per~endicu1ar to the bedding, where they appear as
"knots"; one such truncated boring is present in the
outcrop photograph of Figure 30A. These truncated animal
borings, as ,.,ellas the mechanically produced "balls"
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Figure 31: Animal borings from the Spragueville Formation.

Large cylindrical, curving, and apparently radiating

borings cutting across the stratification. Note the

"segmentation II in the boring along the lOl.verright-

hand margin of the specimen.
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discussed previously, form the "rounded nodules" referred
-to by Bouc,?t, et ale (1964a) ,and are probably the structures
that caused White (1943) to describe the unit as consisting
of "nubbly" limestone.

Thin- and medium-bedded, light gray, orange-weathering
limestone is seen at numerous exposures, particularly in
the Mapleton area. A modal analysis of a sample of'this
limestone sho\'1edthe follo\'1ingcomposi tion:

Carbonate (ankeritic?)
Quartz
Mica
Feldspar
Unidentifiable

49.8%
44.2%

2.8%
.• 2%
3.0%

,
The high clastic content of these limestone beds is seen
in the, field as a distinctive orange, noncalcareous,
porous, \'1eathering "rind." The orange color is probabl~
due to the presence of ankerit'ei though not specifically
determined in the Spragueville limestones, this mineral
is present in the orange-weathering limestones of the
underlying Carys Mills Formation (Pavlides, 1968).
Lower Contact

In the Presque Isle-Mapleton area the lower contact
of the Spragueville is not observed and is nowhere closely
established. In the vicinity of Giggey Hill, just north-
west of Fort Fairfield, and on stewart Hill, south of
Limestone, successions of exposures indicate that compl~te
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transiti.on is present between the Carys Mills and Sprague-
ville formations (Roy and Mencher, unpublished data). The
regional presence of zone 19 graptolites in the Carys
Nills and graptolites of zones 19-20 in the Spragueville
further suggest that no hiatus exists between the units •

.Thickness
Boucot, .et ale (1964a) estimated the Spragueville to

be no greater than 4000 feet (1220 m) in the Presque Isle
area,. and Pavlides (1968), after modifying the distribu-
tion of tile formation in the Presque Isle vicinity,
suggested a value of 3,000 feet (915 m), with apparent
thinning to the south. The writer's modification of the
distribution of the f6rmation in the Mapleton area
suggests a thickness of approximately 3700 feet (1130 m),

'but the location of the Sprag~eville-Carys Mills contact
is uncertain and there is the possibility of higher order
folding in the plunge of the Mapleton Anticline (Plate I).
Mencher and Roy (unpublished data) have found 2500-
~OOO feet (760-915-- m) of the Spragueville to be preserved
in the Fort Fairfield area, but the top of the formation
is apparently absent in the syncline.
Age

The critical fossils for dating the Spragueville
come from two localities (106 and 107, Table 15). The
ostracod faunas of locality 106 in Mapleton indicate a
Late Llandoverian ~C3 - c5)age; the associated brachiopod
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assemblage is consistent witi1 this age but is more broadly
ranging, C3 of the Llandoverian-Ludlovian (Boucot, et al.,
1964a). Pavlides (1968) reportsti1at the graptolites of
"locality 107 are Eariy or Niddle Llandoveri.an (zone 19
or 2~ in age. The Spragueville is therefore inferred to
.span at least the A4 - B1 to 'C3 - -cS time interval of the
Llandoverian and to be a temporal equivalent of much of
the Frenchville and NeN S\"1edenformations.

The presence of post-Llandoverian strata in the
Spragueville cannot be demonstrated directly. Near the
community of Spragueville ti1e JemtlandFormat{on imme-
diately overlies the Spragueville Formation. The contact

nor
is neither observed,/ closely established, but the
absence of the-New Sweden Formation and the general
conf0:r:-mity of Jemtland strata on older rocks elsc\']here
suggest that the Jemtland-Spraguevflle contact is also
gradational. The presence of Wenlockian rocks in the
Spragueville as indicated in Figure 5 is therefore quite
probable.

NIDDLE .LLANDOVERIAN-EARLY \'7ENLOCKIAN STRATIGRi\PHIC RELA'rION"":

SHIPS
Frenchville, New Sweden, and Spraguevill~ Formations

The Frenchville and Spragueville formations ,,,ere inter-
preted by Doucot, et ale (1964a) to be time equivalents,
with the strata here defined as the New Sweden Formation

235



overlying both. Reg~onal stratigraphic arguments
summarized by Pavlides' (1968) "as well as physical and
paleontologic information obtained during the course of
this study have no\v ~stablished the New Sweden as an
intermediate unit beuveen the Frenchville and Spragueville
formations. The evidence bearing on the relations of
these units to each other may be summarized as follows:

(1) There is near coincidence in age ranges of the
formations as established by fossil localities. This age
range is from Middle Llandoverian (approximately zone 19)
to Early Wenlockian (possibly into Late l1enlockian). The
presence of strata 6f Bl - Cl age in the Frenchville
and post-cs strata in the Spragueville cannot be supported
by direct paleontologic information, but stratigraphic
relations with older and younger units discussed in
previous sections indicate. that these time spans are
probably represented (assuming internal stratigraphic con-
tinuity of the units). The lowest beds of the Frenchville
and New Sweden formations in the Castle Hill Anticline are
apparently upper Llandoverian/a~ shown in Figure 5.

(2) Manganiferous ironstone and red slate are present
in the Frenchville, and sandstone and conglomerate
compositionally and texturally similar to those in the
Frenchville occur locally in the New Sweden.

(3) Gradation from both the Frenchville and New
Sweden formations into the overlying Jemtland Formation
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can l:H~ dcmonstra.ted in the field in several places.
nl though the Sp:r:a~{uevillc underlies the Jemtland FO:L-mation

south of Presque Isle, the contact has not been observed.
(4) Both the New Sweden and Spragueville formatioDs

overlie the Carys Hills \'lith apparent conformity.
Nernbers of the Frenchville Formation

Inferences concerning the stratigraphic relationships
among the mernbers of the Frenchville Formation are based
on rnap patterns and comparisons of sections where structural
control is good. The conglomerate, sandstone-slate, and
quartzose sandstone members are regionally extensive and
commonly form the entire formation \'lherepresent. 'l'he
gray\~acke and feldspathic sandstone members are of more
local extent around the village of Frenchville, where
they are, re~pectively, b~lo\\1and above the conglomerate
'member.

Marked vertical and lateral changes in "the Frenchville
and its stratigraphic setting in the northeastern corner
of the Ashland quadrangle are apparent when the stratigraphic
successions in Frenchville and Ashland are compared as
sho\'lnin Figure 32. Over a short distance across the Alder
Brook Fault, the following major changes are evident:

(1) rrhe Aroostook River. Formation, graY\\Tackemember,
and feldspathic sandstone member are absent in the Ashland
section. Though the gray\"acke member is clearly absent in
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Ashland itself, this thin unit may be present locally
south of the Alder Brook Fault.

(2) An unconformity between the Frenchville and
winterville formations has been documented in the Ashland
area; however, north of the fault the Frenchville
conformably overlies the Aroostook River Formation,
which in turn is inferred to overlie the Madawaska Lake.
The base of the conglomerate member in the northern
sequence is not observed but is closely located just
northwest of locality 35 (Figure 9); though inferred to
be essent~ally a conformable transition, it is possible
that a disconformity is present between the conglomerate
and graywacke members.

(3) The conglomerate member in Frenchville is
C4 - Cs (Late Llandoverian) or older, whereas the member
south of the fault is C4 - C5 and younger. Much of the
conglomerate section in Ashland may be younger than the
dated rocks of the feldspathic sandstone member to the
north. In addition to being younger, the conglomerate
member is cons~derably thicker south of the fault.

The pronounced north-south stratigraphic changes in
the Frenchville Formation may be explained as the result
of southward onlap of the succession together with
variations in provenance. This explanation will be
discussed at length in a later section.
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In additi6n to being absent south of tile Alder Brook
Fault, the Aroostook River Formation and the graywacke
member .of the Frenchville are not present beneath the
conglomerate member in the small anticline cored by the
Madawaska Lake just northeast of Frenchville. These units
are also absent in the Castle lIill and Story..Hill areas
(Figures 16 and 19), \'lhere the sandstone-slate member alone
comprises th,e Frenchville.

The. sandstone-slate member is interpreted to be a
lateral equivalent of the conglomera~e and fe1dspathic
sandstone members because:

(1) paleontologic data indicate;; temporal equivalency;
(2) in the Castle Hill and story Hill areas, the

sandstone-slate merrJ)erforms the complete Frenchville
section";

(3) the conglomerate and feldspathic sandstone members
on the east flank of the anticline west of Frenchville are
in large part replaced on tile west flank (just south of
Beaver Brook) by tile sandstone-slate member (Plate I);

(4) the compositions of sandstones from the sandstone-
slate member cover the ranges of those from both the
conglomerate and feldspathic sandstone merooefs.

In much of the area, the sandstone-slate me~)er forms
a facies transitional between the slate-poor me~bers and
the more eastern NevI S\'ledenFormation.. The quartzose
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sandstone member r8places the sandstone-slate member in
the Stockholm area as the transitional facies. Inter-
fingering of the quartzose sal1dstone member and the Ne\'l
Sweden Formation is inferred to occur just west of
Martins Siding (Plate I).
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ROCKS OF LATE WENLOCKIAN-LUDLOVIAN AGE

JEMTLAND FORMATION
Name and Distribution

The upper member of the Perham Formation as used by
Boucot, et ale (l964a) in the Presque Isle quadrangle is
here designated the Jemtl?nd Formation of the Perham
Group. The formation is named for the small community of

..Jemtland, near Stockholm. The writer has mapped the forma-
tion extensively outside the Presque Isle quadrangle in the
synclinorium (Figure 4) and also along the northwestern
margin of the western anticlinorium from Cross Lake to the
St. John River valley (Roy and Mencher, unpublished data) •
The formation is one of the most fossiliferous units in
New England.

iiithin the area of this study, the Jemtland is present
along both flanks of the Stockholm Mountain Syncline, in
synclinal infolds in Frenchville and New S~eden terranes,
and along the flallks of the Chapman Syncline and r1apleton
Anticline (Plate I). The formation is best exposed in the
Stockholm Mountain Syncline, where several large roadcut
and quarry exposures show the sandstone-rich facies. The
more eastern slate-rich facies is found in the synclinal
infolds in the Washburn-Perham area.

The Stockholm-Jemtland area is here established as
the type area for the Jemtland. Fossil locality 61 along
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Naine Route 161 in the \-village of Jemtland (Plate I) con-
tains a sequence considered typical of the formation.
Excellent and extensive exposures also occur at fossil
localities 62 and 82.
Lithology

The Jemtland Formation consists of several distinctive
rock types that are thinly interbedded. r-10stof the uni t
consists of intercalated fine sandstone, siltstone, slate,
and silty shale in beds on the order of centimeters or tens
of centimeters thick, as shown in Figure 33. Within this
sequence,' medium and coarse sandstone are common; locally,
conglomerate, aphanitic limestone, limestone breccia, and
water-laid devitrified tuff are present. All rock types
except the slate, conglomerate, and tuff are very calcar-
eous and commonly deeply weathered.

Slate (shale). Medium to dark gray, very fine-grained
slate or" shale' composes 4 to 60 percent of the formation.
As discussed in more detail in a subsequent section, this
rock type increases in abundance from west to east. In
beds greater than 1-2 em thick, this rock .type generally
shows cleavage which parallels or nearly parallels the
axial planes of the folds." Beds thinner than about 2 em
are uncleaved or are cleaved parallel 'to bedding. The
slate is noncalcareous or only very slightly calcareous.
Injections of this fine-grained pelite into overlying coarser
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Figure 33. Thinly interbedded rock types of the Jemtland
Formation. The three types of pelitic beds are shown:
laminated silty shale (lal:>eled"2"), silty shale (labeled
"3"), and slate (~abeled "411

). i.: fine-grained, quartz-
rich, calcareous gray\V'ackebed (labeled "l") is also
present. The slate is composed of very fine pelite, which,
in beds thicker than about 2 em, shows a well defined
axial-plane cleavage. Indistinct lamination in the
laminated silty shale is due to discontinuous quartz-
carbonate concentrations; this rock type appears more
carbonaceous than the other t\'lO peli tic rock i~ypAS and
commonly contains well preseryed graptolites. Note orange
\-leathering "rind" that results from the leaching of
carbonate and the oxidation of iron in ankeritic carbonate
phases.
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Figure 33
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beds to form small-scale flame structures are common in the
Jemtland (Figures 34A, 35A, and 37A).

Silty shale. Medium-gray silty shale forms as much
as 20 percent of the'Jemtland and decreases in abundance
eastward. This rock type is medium gray in color, homo-
geneous in appearance, calcareous, 'micaceous, and weathers
to a brown or orange-brown color (Figure 33). Though
rarely cleaved across the bedding, the silty shale common-
ly shows an irregular bedding fissility which is especially
apparent in weathered exposures.

Laminated Silty Shale. Medium gray, calcareous,
micaceous, indistinctly laminated silty shale forms as
much as 25 percent of Jemtland and, like the nonlaminated
silty shale, diminishes in abundance from west to east in
the formation. The presence of discontinuous, largely
quartz-carbonate, laminae that are 0.1 to 1 rom thick is a
distinguishing feature of this rock type (Figure 33).
Some of these laminae may be traced on a surface cut
normal to the bedding for as much as a few centimeters,
but most are only a few millimeters long. The boundaries
of the laminae are diffuse.

After weathering, a bedding fiss'ility becomes well
developed, producing planar sheets or'plates. The

.micaceous nature of the laminated shale is usually well
displayed on the surfaces of the plates. Most of the well
preserved graptolites found in the Jemtland occur in this
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litholo~y and are easily recovered because of its platy
character. Oriented graptolites and specimens up to 1

foot (30 em) in length have been seen locally.
A modal analysis (500 counts; section stained for

both K-feldspar and plagioclase) of the laminated silty
shale produced the following results.

Argillaceous minerals 50.8%

Quartz 22.4%

Carbonate 9.2%

Plagioclase Feldspar 8.2%

Detri tal l-1ica 5.6%

Opaque material 3.4%

Pyroxene (?) 0.2%

Unidentified 0.2%

TOTAL 100.0%

Fine Sandstone and Siltstone. Interbedded with the
above pelitic rocks are beds of light-gray, very calcare-
ous, fine sandstone and siltstone (Figure 33). These beds
are generally laminated and/or cross-laminated and vary i.n
thickness from less than 1 em to 4 mi beds thicker than
30 cm are uncommon and most are less than 5 cm thick. A
distinct orange, leached urind" is usually developed in
these rock types. The rind is caused by oxidation of iron
in ankeritic carbonate phases of the cement to limonite/
hematite and removal of calcite. The rind has a porous
texture, and, in cases of intense weathering, is friable.
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Internal lamination and cro~s-lamination are caused
by variations in abundance of argillaceous material. The
thin dark laminae in the upper fine' sandstone bed of the
specimen shown in Figure 35A have higher pelite and lower
carbonate contents than the intervening light gray laminae.
A complete gradation is seen from argillaceous laminae
that are faint and indistinct, as in the bed in Figure 35A,
to thin pelite or "muddy" laminations, as seen beneath
the ripples in Figure 34A.

Most, if not all, of the cross-lamination observed
in tile fine sandstone and siltstone beds was formed during
the development of ripples. The rippie development varies
from trains of simple ripples (Figure 34A) to beds up to
a few tens of centimeters thick consisting of complex
ripple-drift lamination(primarily types 2 and 3 of Walker,
1963), as seen in Figures. 34B and 36. Rippled intervals

.commonly overlie parallel-laminated intervals of the same
lithology, with a surface of erosion separating them
l(~igure 34B).

Convolute lamination, \~it~ or without associated
cross-lamination, is occasionally observed; in most cases,
there appears to have been convolution of originally
parallel laminae. Multistructured beds showing combinations
of sandstone or siltstone laminae, pelite laminae, simple
ripple trains, ripple-drift lamination, convolute lamination,
and unstructured intervals.are frequently seen (Figure 34
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Figure 34: Ripple lamination in fine-grained gra~~acke
beds from the Jemtland Formation at fossil" locality 48.
A. Sawed section of a portion of a train of simple
ripples that show well developed foresetOlaminae and an
absence of stoss lamination. Note the apparent draping
of the pelite layer over the ripples and .the remnant of
parallel-laminated f~ne sandstone at the base of the
complete ripple shown. Beneath the ripple train is a
series of alternating fine sandstone (siltstone) and
pelite laminae classified as a "B interval with pe1ite
lamination" following the usage of Walker (1967). Small-
scale load-casting and pelite injection features are visible
at the base of the fine sandstone layers; pe1ite flame
structures also "inject""overlvina silty shale about 2 cm
above the base of the ripple train~.
B. Sawed section of a complexly structured gra~~acke bed.
Pa~alle1-1aminated fine graywacke (base of bed) was
apparently reworked, in part, into a simple ripple train
which was subsequently buried by ripple-drift lamination
showing an upvlard-increasing pe1ite content. Note complex
soft-rock deformation in pelite bed to left of scale
marker.
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Figure 35: Single and amalgamated graywacke beds fr~n

the Jemtland Formation.

A. Sawed specimen showing three graywacke beds inter-

layered with one bed of each pelitic rock type. The

lower and upper graywacke beds are parallel laminated

and the middle graywacke bed shows complex ripple-drift

lamination. Concentrations of argillaceous material

form the dark laminae in the upper bed; close examination

shows the fine scale and cyclic character of the lamination.

There are pelite-injection features at the base of each

grayvlacke bed.

B. Amalgamated grayvlacke beds (numbers 344 and 345) from

the section at locality 61 (Figure 39)~ The lower bed

(344) is laminated and graded (medium to fine sandstone)

throughout; the upper bed contains a lower unstructured

interval (A), a thin laminated interval (B), and a cross-

laminated upper interval (C). A surface of erosion

separates the t\vO beds.
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Figure 36: Two fine-grained gra~vacke beds from the

Jemtland Formation. Bed 290 is an A-B type sequence in

which a lower unstructured fine sandstone interval (A)

is overlain by a parallel laminated interval (B), with

pelitic laminae. Bed 293 is a complexly ripple-drift

laminated fine-grained gra~vacke. Clip of the pen is

1.5 inches or 4 cm long.

253



Figure 37: Medium- and coarse-grained lithic gray"Tacke
beds in the Jemtland Formation.
A. Bed 427 in the section at. locality 61 (Figure 39).
This bed consists of a medium-grained lithic graywacke
A interval (ungraded), a "muddy" laminated B interval,
and a pelite-rich, ripple-drift laminated C interval.
Note the presence of flame structures of pelite at the
base of the bed. The bed is overlain and underlain by
slate. Hammer is 12.5 inches or 31 cm long.
B. A 78 cm (2.6 feet), graded lithic graywacke bed
containing a large block and numerous smaller fragments
of silty shale in its IO\'lerhalf. Bedding lamination
in the silty-shale block is pa~alle1 to the pen. The
block measures 120 X 30 cm on the pavement surface of the
exposure. The up-facing direction is to the right.
Hammer is 12.8 inches or 32 cm long.
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and 36). The unstructured, parallel laminated (with or
without pelite laminae), and cross-laminated (or convolute-
laminated) portions of multistructured beds are ordin~r-
ily arranged in the vertical order given by Bouma (1962)
(see illustration in Figure 8). Deviations from Bouma's

.order are rare and generally involve surfaces of erosion
separating the intervalS juxtaposed in "truncated" or
apparently inverted successions. Application of Bouma's
sequence model to the Jemtland rock types is discussed
at length in a subsequent section.

Two compositional analyses of typical fine sandstones
from the Jemtland are givep in Table 16 (numbers 66 and 67).
These sandstones are calcareous, quartz-rich graywackes of
quite uniform composition •

.Medium and Coarse Sandstone. Medium and coarse
~andstones are interlayered with the pelitic and fine sand~
stone (siltstone) beds. The coarser sandstones are present
as individual beds and as basal phases of beds having fine
sandstone or siltstone upper parts; they typically form the
A and lower B intervals in multistructured beds.

Grading is commonly developed in the coarser sand-
stones,with both gradual and sharp transitions into overly-
ing laminated intervals. Evidence of erosion of the sub-
strata is generally observed at the basal contact, and
peli te fragments are usually present, .as'least locally,
along the beds. One 78 em graded bed was observed to
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Analysis Number

Component 66 67 68 69

Quartz 44.7 40.0 8.0 6.0
Plagioclase Fetdspar 1.4 5.6 14.8 12 '.0
Potassium Feldspar
Detrital Nica 6.1 1.2 0.2
Pyroxene 0.2
Sphene (?)
Argillaceous Matrix 19.1 19.5 23.6 17.0
Secondary Carbonate 28.1 29.5 4.4 18.6
Opaque 0.6 0.6 2.0 0.8
Micrographic Qtz-Feld
Fine-grained Mafic Rocks 0.4 40.4 44.0
Fine-grained Felsic Rocks -- 2.0 0.4
Chert and "Chertyll Rocks 1.4 3.8 0.2
Sericitic Fragments
Pe1ite Fragments
Sandstone
Detrital Carbonate 0.4 1.0 0.4
Fossil Fragments
Misc.
Unidentified 0.2 -- 0.4

TOTAL 100.0 100.0 100.0 100.0

Composite Qtz-Feld 0.2 0.2
Composite Feld-Qtz 0.2 ,0.4
Composite Feldspar 0.6 0.2
Composite Quartz 1.0 0.8 0.6

Calculated Parameters
A 97.0 83.7 11.4 9.5
B 3.0 11.7 21.1 19.0
C 4.6 67.4 71.4
D 97.0 83.7 11.1 9.2
E 3.0 11.7 20.0 18.1
F '4.6- 68.9 72.7
G 100.0 94.8 13.9 11.2
H 1.8 1.6
I 5.2 84.3 87.2

TABLE 16

Modal Analyses of Sandstones and a Conglomerate
from the Jemtland Formation

Analyses 66 and 67 are of fine-grained sandstones; analyses
68-71 are of medium-grained sandstones; analysis 72 is of a
conglomerate.
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Analysis Number

Component 70 71 72

Quartz .9.6 5.4 7.6
Plagioclase Feldspar 20.2 10.8
Potassium Feldspar
Detrital Mica Tr 0.2
Pyroxene 0.2 Tr
Sphene (?)
Argillaceous Matrix 15.0 23.5 5.4
Opaque 1.2 1.4 0.4
Micrographic Qtz-Feld 0.4 'j-:-" 1.2
Fine-grained .HaficRocks 13.2 31.6 7.2
Fine-grained Felsic Rocks 1.4 0.6 13.3
Chert and "Cherty" Rocks 1.6 0.8 45.0
Sericitic Fragments
Pelite Fragments 0.2 0.8
Sandstor!e
Detrital Carbonate 6.6 1.4 1.2
Fossil Fragments 0.2
Misc. 9.3
unidentified 1.2 1.6 1.4

TOTAL 100.0 100.0 100.0

Composite Qtz-Feld 0.4
Composite Fe1d-Qtz 0.2
Composite Feldspar 0.6 0.8
Composite Quartz 0.6 0.2 2.4

Calculated Parameters
A 18.1 10.6
B 38.1 21.3
C 43.8 68.1
D 18.1 9.8
E 37.0 19.7
F 44.9 70.5
G 28.7 12.3 9.9
II 3.0 2.9 1.8
I 68.3 84.8 88.3

TABLE 16 (Cont)
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contain a large block (exposed dimensions: 120 X 30 cm)
and abundant small~r fragments of pelitic rock, (Figure 37B)i

the long axis of the block is oriented parallel to th8
bedding and the block is composed of silty shales found in
the Jemtland.

Analyses 68-71 of Table 16 show the compositional
features of the medium and coarse Jemtland sandstones.
These sandstones are calcareous lithic graywackes with
10\'1 quartz content and abundant fine-grained volcanic
rock fragments. With few exceptions (e. g. analysis 68)
the carbonate content is very high; feldspar and volcanic
rock fragments are common~y replaced by secondary car-
bonate, suggesting that their abundance was originally
greater than is indicated by the analyses. Detrital
carbonate is ordinarily present, and these grains commonly
have "rims" of secondary carbonate. Huch, if not all,
of the present carbonate may have originally been
detrital, and redistributed subsequent to deposition.

Conglomerate. At DR 393 near the crest of Story Hill
(Figure 19), a bed of chert pebble conglomerate is pres~nt
in the Jemtland section. Only a few feet (1-2 m) of this
bed are exposed, but it may be traced for approximately
3,000 feet (900 m) in the fields north and south of its
occurrence at DR 393.

The- composition of this bed is indicated by analyses
72 of Table 16. The abunda~ce of chert and felsic rock
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fragments is a marked feature of the rock. Though detri-
tal carbonate is present, the secondary carbonate content
is 10\1. "Cherty" cement (included in "miscellaneous")
forms a portion of the matrix.

Aphanitic Limestone. Medium- to dark-gray, aphanitic,
and argillaceous limestone in thin beds and lenses is only
rarely seen in the Jemtland.

Limestone Breccia. Limestone breccia is present near
the base of the Jemtland Formation along much of the
western flank of the faulted syncline west of Mapleton
(fossil locality 102), as reported by \'7il1iamsand Gregory
(1900), Miller (1947), and Boucot, et a1. (1964a). Williams
and Gregory (1900) and Twenhofe1 (1941) correlated this
breccia with similar limestones in Ashland; present
paleontologic data now show that this correlation is invalid.
Limestone breccia exposures in and near Chapman (south of
Mapleton) have been correlated with the breccia west of
Mapleton by Boucot, et a1. (1964a).

The breccia at fossil locality 102 consis~s of angular
to subrounded fragments of dark gray, finely crystalline,
crinoida1 limestone and an interfragment matrix of argil-
lac~ous limestone. Limestone fragments occur in both
mosaic-like arrangement and in random orientation. Frag-
ments up to 8 inches (20 cm) have been observed but the
average size is nearer 3 inches (8 cm) •
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Tuff. ,Beds of tuff are not common in the Jemt1and,
but are locally of importance as marker beds. Thin (less
than inch or 2.5 em) layers of light gray tuff appear in
the section at fossil locality 86 along the Trans-Canada
Highway near St. Leonard, New Brunswick; such thin beds
have not been observed elsewhere. An important s~quence
of devitrified tuff is present, however, in the Jemtland

?-lountain
along the west flank of the Stockholm}Sync1ine just
northwest of Stockholm (Figure 21). This tuff section,
about 63 feet (19 m) thick,'is approximately in the
middle of the formation and may be traced in a series of
exposures for at least 4.5 miles (7 km). A similar, though
apparently thinner, interval of tuff occurs at about the
same stratigraphic position on the southeastern flank of
the Stockholm Mountain Syncline just west of Spalding
(Plate'I), and may be fo1~owed for about 1 mile (2 km).

The best stratigraphic section throug~ the tuff beds
is at DR 1269 (Figure 21) near Stockholm. A measured .
section at this locality is presented in Figure 38. Four
types of tuff have been recognized in this section:

Type I: Type I is a devitrified tuff that forms most
of the section. This type"is light gray-green, chalk-
white weathering, and siliceous. In thin section it is
seen to be composed of well compacted devitrified shards
and pumice fragments in a matrix of microcrystalline
quartz-ch1orite-plagioclas~ (?). The original outlines
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Figure 38: Stratigraphic section through the tuff sequence
at DR 1269 near Stockholm. (Figure 21). Rock types are
discussed in the text. The right column is an upward
continuation of the section shO~ln in the left column.
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of the shards and pumice fragments are clearly visible in
plain light at low illumination; these ash fragments have
been recrystallized to plagioclase and minor quartz which
in larger fragments may show a subvariolitic texture. The
microcrystalline matrix i~ less abundant than the devi-'
trified shards and pumice fragments. Chlorite is abundant
as irregular patches, mafic-mineral alterations, and
intersertal mosaics. Sand- and silt-size grains of
angular quartz and feldspar are widely scattered through-
out; lithic fragments of mafic volcanic rocks are sparse.

Type II: Type II is a devitrified lithic tuff con-
sisting of angular sand- to pebble-size fragments of
(in order of decreasing abundance) mafic volcanic rocks,
plagioclase, quartz, myrmekitic quartz-feldspar (trace),
and detrital carbonate (trace) in a matrix which is
composed of devitrified shards and pumice fragments and
microcrystalline quartz-chlorite-plagioclase (?). The
matrix is essentially the same as the type I tuff
described above. In hand specimen, the lithic tuff is
medium gray in'color and weathers to a chalk-white color.
Shell debris (largely brachiopod, coral, and crinoid frag-
men.ts) are generally seen in this lithology; fossil
locality 89 is located in a lithic tuff intervn1 at the
base of the tuff sequence. Lithic tuff commonly grades
upward into tuff of type I.
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'l'ypeItI: T~is type is a chlori te-rich devi trified
tuff that differs from the ty!?e I tuff primarily in its
high chlorite content. A distinct "bedding cleavage,"
giving the tuff a crude "shaly" appearance, is present
in this lithology. Large chlorite Ilpatchesll up to about
1 cm across may be_seen on cleavage surfaces. In thin
sections cut perpe~hd~cular to the bedding, discontinuous
zones of chlorite en~ichment cross the thin section and
abundant intersertal chlorite is present between the
zones. Gradation from type I to type II tuff is observed
in three beds of the DR 1269 section (Figure 38).

Type IV: Type IV is a fine-grained devitrified tuff
that is light gray-green in color and has a cherty appear-
ance~ It occurs in thi~ beds (less than about 6 inches or
15 cm thick) and commonly shows a f~int lamination which
is best observed on a weathered surface. In thin section,
the rock is seen to be composed of devitrified shards and
pumice fragments in a dominant matrix of microcrystalline
quartz-chlorite-plagioclase (?). The greater abundance of

. --microcrystalline matrix is the principal difference bet\.;een
this tuff and that of type I. Quartz veins locally cut
through this fine tuff and small-scale warping of the bedding
is, common.

Unequivocal definition of individual pyroclastic
deposits is not possible in the section studied. Numerous
apparent bedding planes, l;'lh.~chmay represent primary
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separations of individual deposits, are present in the
sequence, as indicated in Figure 38. Texture is uniform
across many of these contacts, however, and it is possible
that some of them are of secondary origin.

since the JemtlQri~ tuff sequences are underlain and
overlain by graptolitic shale, it is reusonable to infer
a subaqueous environmen t for their formation. rrhe
observed gradation from type II to type I and from type I
to type III in the DR 1269 section is suggestive of the
grading described by Fiske (1963) in subaqueous pyroclastic
deposits of inferred turbidity-current, ash-fall, and
pyroclastic-flow origin from the Ohanapecosh Formation
(Eocene and Oligocene?) of Washington. In the Ohanapecosh
deposi-ts, Fiske noted both particle-size grading and
parti~le-density grading, con~only in the same deposit.
The more vesicular a particle of a. given size, the higher
in the deposit it tends to occur;. non-vesicul':lted fra9m~nts
are generally distributed in a bed according to size, if
graded at all. The apparent gra.ding, in the Jemtland
tuffs, from l.ithic to ,".nonlithic tuff (type II to type I)
results from the upvlard decrease in abundance and size of
nonvesiculated lithic fragments; upward increase in
vesiculated fragments, if ever present, is now obscured by

postdepositional crushing and devitrification.
The vertical change from type I tuff to chlorite-rich

tuff' (type II) may be due to an up"lard increase in oriqinal. -
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finely powdered ash and admixednonvolcanic argillaceous
'material •. r.I'hethinly. bedded fine-grained devi i:rified tuff

is here interpreted to represent a series of aquagene
ash-fall deposits.

The presence of fragmented shelly fossil debris
mixed with the lithic fragments indicates that the coarser
tuffaceous material was transported prior to deposition.
Settling ash and lithic ejecta would be expected to
smother benthonic faunas (Shrock, 1948) with little or
no, mixing and fragmentation,.
Stratigraphic variations

General Statement. The Jemtland, Formation displays
marked areal variations in the relative abundances of some
of the, rock types discussed above. In addition, there is
an apparent tendency for repetitive ordering of features
in the grayWacke beds which follows the model formulated
by Bouma (1962). A detailed study of the Jemt1and was
undertaken to determine \'lhetherthe latera.1 lithologic
variations are systematic and to see if the vertical
cyclicity in the sequence involves the pelitic rock types
as well as the graywacke beds. Systematic lithologic
variations, if present, would allow important paleogeo-
graphic,conclusions to be drawn, and a regular superposition
of the rock types, or the lack of it, should shed light on
the sedimentology of the sequence.
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Seven relatively large exposures of the formation '\vere

,analyzed using a field procedure only slightly modified
from t..l1at developed by \'Jalker (1967; personal communication,
1969). ~valkerf s method \'lCl'S altered to alloH the numbering
Q)1d classification of 'the pelitic beds, Bed'thicknesses
were measured to the nearest centimeter, and siltstone
laminae less than 4 rom thick \-verenoted but included ,vith
t~e enc1osi1;1gpeli tic rock type. 1\.11 internal sedimentary
structures were determined in the field; in most cases the
weathered surfaces of the gra~vacke beds sufficiently
displayed the internal structures to allovl the differen-
tiation of intervals A, B, and C.

All of the sections studied.. are from the lower half
of the formation; since no large-scale vertical variations
have been observed in the formation, these, sections '(with
one exception) are assumed to be representative of the
.f.ormation'in ,~he,area whe~e they occur., The t.hinly
bedded nature of the sequence permits the examination of
a r~latively large number of sedimentation events in a
typical, roadcut or quarry exnosure.

'l'heresults of the 'study allo\'lthe Jemtland to be
divided into Ilgray\vacke" (western) and "slate" (eastern)
facies. These facies will be first described separately
to introduce tile major sedimentologic features of the
sequence. Next, the systematic lateral lithologic varia-
tions in the formation \vill be presented to show the
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gradual "nature of ~he transition from the gra~vacke to
the slate facies. Finally, the vertical ordering of the
rock types will be examined to test the applicability of
the complete Bouma "turbidite" model to the sequence, and,
in particular, to study the relations of the pelitic rock
tl"pes to each other and the grayvlacke beds. A summary of
data pertinent to these discussions is given in Table 17.

Graywacke Facies (west). The graywacke facies consists
of greater than 50 percent gra~vacke and less than 40
percent slate. This facies occurs in the Stockholm
Mountain Syncline, southeastern Portage quadrangle (Story
Hill area), northern Ashland quadrangle, and in the vicini-
ties of Mapleton and Spragueville (Presque Isle Quadrangle).
There are excellent exposures of the facies at fossil
localities 48, 61, 62, 82, and DR 394 (FiguLe 19).

The lithologic and sedimentologic features of the
graywacke facies are well illustrated by the section at
locality 61 along Maine Route 161 in Jemtland. A graphic
presentation of this section (section 2 of Table 17) is
shown in Figure 39.

The graywacke beds consist of one or more of Bouma's
lower three sedimentologic intervals (A, B, or C) •
Transitions from interval A (below) to interval B (above)
are gradational or sharp-conformable; a sharp-erosional
contact is very rare. Interval C overlies interval B
with gradational and, more commonly, sharp-erosional
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Figure 39: Stratigraphic section of a portion of the
Jemtland Formation at fossil locality 61. The section
was described following a procedure modified from that
developed by Walker (1967). Current sense for paleo-
current measurement is indicated by a single arrowhead;
double arrowhead indicates that no current-sense

.information was available.
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contacts. Convoluted C intervals (particularly those
without ripple lamination) have gradational lower contacts
and may rest directly on A intervals; many of the convoluted
C intervals appear to be deformed B intervals. A rippled C
interval may rest on an A interval, but a surface of
erosion typically separates them. Erosional surfaces are
involved in upward changes of Cto A, C to B, ~ to A
(Figure 37B), and A to A. These transitions occur in
"amalgamated beds" as defined by lvalker (1967) ("composite
beds II of \'1oodand Smi th, 1959), such as those formed by
beds 299-303 and 395-397. The A intervals commonly
consist largely of medium to coarse lithic graywacke which
mayor may not be graded.

The graywacke beds rest with sharp contacts on
underlying pelitic beds. Small-scale load ..:casts and
flame structures are ordinarily visible along the basal
contacts of most of these beds. Evidence of erosion of
the underlying pelitic bed is seen along some of the
contacts (maximum of about 3 cm of contact relief
observed), but most sho\-,no obvious .erosional effects.

. .

Longitudinal ridges and tool marks are present on the
soles of a few.beds; flute marks are not common.

UPI?er contacts of intervals A and B 'vith overlying
peiitic beds are almost universally sharp. On the other
hand, C intervals commonly grade upward into the pelitic
material (especially slate) because of vertical increase
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in argillaceous material in the ripple-drift lamination
(Figures 34B and 37A).

The three types of pelitic beds are thinly interbedded
with each other. and the gra~~acke beds. It is not un-
common for several pelitic beds to be present between
graywacke beds. Sharp-conformable contacts are present
between pelite beds.

Slate Facies. The slate facies of the Jemtland is
composed of 50 percent or more slate and generally less
than 40 percent graywacke. Slate may locally be the
only pelitic rock type present. This facies is found in
the synclinal infolds of the Jemtland in the Washburn-
Perham area (Figure 4), but has not been observed in the
Presque Isle quadrangle, although section 6 (Table 17)
has some of its characteristic features as discussed below.

The stratigraphic sections measured at DR 1564 and
DR 590 (Figure 29) are presented in Figure 40, and data
for them are included in Table 17 as sections 4 and 5,
respectively. For the most part, the same rock types are
present in the~e sections as in the section at locality
61 previously discussed, but their relative abundances
are ~arkedly different. Comparison of Figures 39 and 40
and examination of the data of Table 17 indicate the
following features as distinctive of the slate facies:

(1) Graywacke/pelite ratio is less than 1.0.
(2) Graywacke beds beginning with interval Bare
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Figure 40: Stratigraphic sections of portions of the
Jemt1and Formation at DR 1564 (A) and DR 590 (B) of
Figure 37. The sections were described following a
procedure modified from Walker (1967). Refer to explanation
in Figure 39.
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far more abundant t~an those beglnning with intervals A

and c.
(3) Abundance of the laminated silty shale and silty

shale rock types is much lower than in the graywacke facies.
(4) Analgamated graywacke beds are virtually absent.

Areal Lithologic Variations and Paleocurrents. The
most obvious lithologic variation is the slate-rich
character of the eastern part of the formation in the
Washburn-Perham area (slate facies) as compared with the
slate-poor, graywacke-rich sequence to the west (graywacke
facies). The slate proportion 9f the pelitic beds in the
sections studied (Table 17) are contoured in Figure 41.
The data indicate that the slate portion of the pelitic
beds iricreases rapidly and systematically from west to
east. The rate of increase perpendicular to the contours
between sections 1 and 5 is about 17 percent per mile;
correction for the folding yields a rate of. about 9 percent
per mile.

If the proportion of slate in the Jemtland as a whole
is considered, a contour patte~n very simil~r to that
shown in Figure 41 results; the line separating the gray-
wacke facies. from the slat~ facies in Figure 41 approximates
the loctition of the 50 percent slate contour. The rate of
increase of slate in the Jemtland sequence bcufleen sections
1 and 5 is approximately llpercent per mile and correction
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Figure 41: Paleocurrent data, lithofacies, and slate
abundance in the Jemtland Formation. Contours represent
the proportion of slate in the pelitic beds. The seven
sections studied in detail (Table 17) form the basis for
information,presented here.
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for folcing reduces this rate tc nearer 6 percent per mile.
Changes in the graywacke beds are also evident north

of the latitude of Washburn. As shown in Table 17, there
is a systematic reduction in the proportion of graywacke
beds beginning with interval A between section 1 and section
5. The proportion of beds beginning with interval B, on
the other harid, shows a general increase from northwest to
southeast. Beds beginning with interval C s~ow no systema-
tic variation.

southwest of Washburn the variation in types of gray-
wacke beds is not clear. Section 6, for example, consists
of fine graywacke (in beds up to 1,3 feet, or 4 ro, thick)
interlayered with slate (Table 17). The sequence thus
appears to be near the graywacke-slate facies boundary.
A high proportion of the graywacke beds (72 percent),
however, are composed in part or totally of nonlaminated

" and homogeneous-appearing fine sandstone which has been
assigned to the A interval. The abundance of A intervals
and the great thickness of a few of the beds suggest
affinities with the more western phase of the graywacke
member. It is possible that "latent" lamination in the
fine gra~1acke beds has prevented the proper recognition
of many of the "homogeneous" intervals as B intervals, and
hence has resulted in an over estimation of the proportion
of A intervals in the section. Section 7 has a very low
slate content (5.7 percent) but also has a low graywacke
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proportion (8 percent); most of the section is made up of
laminated and nonlaminated silty shale. Since only 411
em of the formation is available at section. 7, the measured
abundances of lithologic types may not be representative.

The paleocurrent directions, indicated by sole features
of the graywacke beds, are shown in Figure 41. Although
it is not possible to make large numbers of measurements,.
the paleocurrent data obtained in this study shot~ a
regular pattern which suggests that the currents trans-
porting the gra~vacke detris came from the west and south
(southwest). In general, the currents moved in the direction
of decreasing gra~vacke and increasing slate abundance.
Also, the proportion of graywacke beds with basal A
intervals decreases downcurrent \~hereas beds beginni?g
with B intervals increase.

Cyclic Sedimentation. In almost every exposure of the
Jemtland Formation, the most conspicuous vertical variation
is the consistent arrangement, in ascending order, of
intervals A, B, and C. Systematic relations of the
pelitic rock types to this A-B-C sequence, if present, is
not obvious in the field. In this section, lithologic
correlations of ti1e pelitic rock types of the Jemtland
to the pelite-rich intervals of Bou~a (D and E) and
"pelagic" interval (F) of subsequent workers will be made;
this ordering will then be tested using a Markov chain
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analysis to determine the consistency of the model sequence
with sections of the Jemtland.

In the Peira-Cava Flysch of the Haritime Alps, Bouma
(1962, p. 51-52) defined a "turbidite" layer as "••••a part
of the sediment section in \'lhichthe grain size ei ther...
remains constant or decreases from bottom to top. Its
upper limit is therefore the junction with coarser materia~,
even if this is very indistinct ••••An wJrupt upwards
decrease in grain size •••• ,is not interpreted as the limit
of a layer, but as a 'break'." Bouma r s cri teria reflect
a long-standing observation that graded units' (of wide-
scale range) occur repetitively, ev~n cyclically, in many
flysch-type sequences (for a revievl, see Kuenen, 1953,
and Dzulynski 'and vlalton, 1965)., Bouma found that his
criteria led to an ordering of intervals, displaying .pre-
dominantly one type of internal sedimentary structure.
Bouma's sequence model has received wiqe usage, and
variations of it have been proposed for specific sequences
(e. g. Bassett and Walton, 1960; Hubert, 1966 and 1967;
Ballance, 1964; Van Der Lingen, 1969). In the Peira-Cava
area, Bouma found that the entire .flysch sequen'ce could be
described using his model (a11o,.!ingfor "base cut-out" and
II trul'icated"sequences); only thin It ciayey marl or marl'"
beds were omitted from the sequence and interpreted as
"pelagic sediment."
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The graywacke beds and pelitic rock types of the
Jemtland Formation may be arranged in order of vertical
decrease in average grain size and compared with Bouma's
intervals as fo~lows:

Top

Bottom

Jemtland Fo~mation
Slate
Silty Shale
Laminated Silty Shale
Interval C
Interval B
Interval A

Bouma Intervals
"F"
E

D

C

B

A

This arrangement suggests that the laminated silty shale
may be equivalent to Bouma's r):,.iinterval,\vhich he describes
as a layer characteri zed by an "indis tinct "lamination rr

which is not visible ,if the layer is "\veathered or
tectonized." He further describes the rock as a "fine
sandy to silty pelitell that may show an up"lard decrease
in sand content and that usually overlies the C interval
with a sharp contact. The laminated silty shale of the
Jemtland appears to be quite similar to that described
for the D interval by Bouma (iefer to Figure 33), but is
not 'consistent with the assignment of thinly interlaminated
fine siltstone and pelite to this interval (Figure 8;
see Walker, 1967 and Hubert, 1967).

The correlation of the nonlaminated silty shale beds
with the E interval is also consistent with Bouma's
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-description of that interval. contrary to Douma's
observation th.nt interval D grades into interval E, hOV7ever",
macroscopically sharp contacts are generally seen beu1cen
t:he laminated and nonlarninated silty shales of the Jemtlanc1.

The slate of the "jemtland Formation is ~ot usually
calcareous and does not compare favor,ably to Bouma f s
limarl.1I Designation of the slate as an lIinterturbidite"
or IIpelagic.interval" is attractive because of its very
fine-grained character. The fairly common observation of
the same type of pelite as muddy' laminations in B intervals,
and involved in" ripple-drift lamination ine intervals
suggests, on the other hand, that some fine argillaceous
material was present duri.ng the formation of the graywacke
beds.

The Je~tland exposur~s were studied to determine
whether repetitive sequencing of the basic rock types
occurs. A first-order. Markov chain analysis as described
by Griffiths (1966) and .Krumbein (1967) 'vas applied to
several Jemtland sections. The data from the sections
shown in Figures 39 and 40 are pr~sented and discussed
here to illustrate the results.

If the sequence model based on decreasing grain size
and lithologic similarity presented above. represents a
"completell orllcomposite" cycle which occurs repetitively
(in "'hole or in parts) "in the sections, one "lould expect
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upward lithologic transitions from A to B, B to C, C to D,
D to E, and E to F to be more frequent than their recipro-
cals. This is equivalent to asserting that in the develop-
ment of the sequence, an element of "memory" is present in
which the occurrence of a given lithology is statistically
dependent on the immediately preceding (underlying) rock
type. A first-order Harkov chain may be used to describe
a sequence of rock types in terms of the frequencies and
probabilities of given transitions and aids in assessing
the presence of cyclical successions (Griffiths, 1966;
Krumbein, 1967).

The frequency distribution for the vertical lithologic
changes in the gra~1acke facies section shown in Figure 39
is given in Figure 42A. The letter designations for the
lithologic "intervals are the same as those presented
above. All types of transition occur except C to C, D to D,
E to E, and F to F; A to A and B to B transitions are not
frequent. Transitions from A to B, Bto C, and C to D
emerge as more common than their reciprocals, a feature
of the section which tends to favor the model. The
preference for e to D transitions," as opposed to those
involving D toe, is not great at locality 61 and at
locality 82 (section 1 of Table 17) these transitions
are about equally likely. Transitions involving intervals
E and D are not strongly ordered, but E to D appears to
be slightly favored, which is not consistent with the
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Figure 42: Frequencies of upward lithologic transitions
in sections from the Jemtland Formation. The abscissa
is a nominal scale (Krumbein, 1962), and the second letter
of each pair (e.g. C-B, B-n, etc.) indicates the lithologic
interval above the contact. Symbols used in ti1e sequence
model are the same as those in Figure 39.
A. Frequency distribution for the section at locality 61
(Figure 39) of the gra~vacke facies. Upward transitions
are arranged in order of increasing frequency from left
to right.
B. Sum of the frequency distributions for the sections
shown in Figure 40.
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proposed sequence. Changes involving F ar~ among the most
frequent, but no consistent frequency pattern emerges to
support a sequencing involving this interval.

Transition probability matrices (Griffiths, 1966) of
the graywacke facies at localities 61 and 82 are given in
Table 18. These matrices show the probabilities of a
given vertical transition and allow the most probable
transitions to be easily seen. In Table l8A, for example,
interval A is seen to be followed by interval B 50 percent
of the time, by interval F 21 percent of the time, and so
forth. The transition probabilities tend to support the
A to B to C sequencing of. the graywacke intervals,
particularly if transiti0ns to the pelitic rock types
(D, E, and F) from B are ignored in Table l8B. In the
gra~~acke facies, where the t?ree pelitic rock types are
well represented', no consistent sequencing of them is
suggested. Comparison of the probability data of Table 18
and the abundance of the pelitic rock' types in Table 17

suggests that the C intervals tend to be overlain by the
more abundant of the t\,]Ononlaminated peliti.c types (E or
F) •

A similar' analysis of sequences in the slate facies
of the Jemtland are shovln in Figu.re 4~ and Table 19. The.
results may be summarized as follows:

(1) transitions involving interval F (slate) are
the most frequent, as might.be expected from the abundance
of slate in. the sections (Figure 40).
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Upper Lithology
A B C D E F

A .000 .431 .138 .000 .000 .431
>s
~B .000 .000 .076 ".012 .012 .899
M
0
ii c .000 .000 .000 .000 .000 1.0
-ri
H D .000 .274 .000 .000 .000 .~726
Sol
Q)

E .000 .250 .000 .250 .000 .500
~
~

F .119 .603 .101 .150 .027 .000

TABLE 19

Transition probability matrix for the
sum of the sections at DR 1564 and
DR 590 (sections 4 and 5 of Table 17).
Underlined probabilities indicate the
most likely "upper lithology" to
follo\'1a given" lower Iithology".It

Probabilities in each row total 1.0.
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(2) Intervals A. B, and C tend to be overlain and
underlain by slate, but A to Band B to C transitions
are important •

.(3) The D and E intervals are not abundant and are
largely interlayered with slate.

From the preceding discussion it is concluded that
the A-B-C portion of Bouma's model is wel~ represented
in the ~emtland Formation, as seen in the field. This
sequence involves only the graywacke beds. The pelitic
beds do not appear to be part of either a separate
repetitive succession or one linked closely to the A-B-C
sequence. However, the apparent tendency for C intervals
of the graywacke beds to be overlain by either the silty
shale or slate rock types, depending on which is the more
abundant in the section, .may have genetic implications,
as discussed in a later section. The laminated silty
shale, though lithologically similar to that described by
Bouma for his D interval, does not appear to fit into a
recurring succession as predicted by Bouma's model.
Lower Contact

The Jerntland Formation overlies (from west to east)
the frenchville, New Sweden, and Spragueville formations.
Transitional contacts with the Frenchville and New Sweden, .

can be observed; the contact with the Spragueville is not
observed, but may also be conformable.
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The con.tact of the Jemtland \.,ith the underlying
Frenchville is best seen in the vicinities of fossil
localities 38~4l (Figure 21) and 33 (Figure 23). In
both of these areas the transi tion involves the upt;lard
introduction of the pelitic and graY\oJackebeds of the
Jemtland. Near .the contact, the lithic grayNackes of the
Frenchville become fine grained and generally more
calcareous.

The transi tion from the Jemtland to the Ne\oJS\11eden
is exposed: (l) in the section on the Blackstone farm
(Boucot, et al., 1964a, Appendix IV; Figure 29), (2) along

Maine Route 227 at section 6 (Figure 41), and (3) along
the east-\oJestroad north of fossil locali ty 102 on the
Dudley Fa~m (Plate I). In all three cases, essentially
non~alcareous slates of the New Sweden are replaced, over
a few tens of feet stratigraphicall~ by the typical
Jemtland rock types. At'section 6 (Figure ~l) and on
the Dudley farm, manganiferous ironstone together with
red and green slate are present below the contact; locally,
near the contact at the Dudley farm are occurrences of
limestone breccia (see Miller, 1947, plates 13 and 15, for
a detail map and section fbr the Dudley farm).
Thickness

The Jemtland Formation is remarkably uniform in
thickness over a \1-Tidearea. In the Stockholm 1:Iountain
Syncline, where both the top and bottom of the unit are
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generally well located, the formation averages about 2500 .
feet (760 m) and locally may be as much as 2800 feet 1850 m)
thick. Boucot, et ale (1964a) estimated the unit to be
approximately 2000 feet (610 ro) thick in the Presque Isle
quadrangle. This figure is in substantial agreement with
the "Triter's estimate of between 2000 and 2200 feet (GIO m)
in the Mapleton-Presque Isle area (section C-C' of Plate III).
It is therefore possible that the Jerotland thins to the
east (southeast), but this thinning probably does not
exceed 500 feet (150 ro).
Age

A total of 55 fossil localities have been found in

assemblages indicative of the Ludlovian and in most cases
the Early Ludlovian. The stratigraphic distribution of
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Table 20: Fossil localities 48-87 from the Jemtland Forma-
tion. Graptolites. identified by W. B. N. Berry; brachiopods
identified by A. J. Boucot; trilobites identified by A. R.

Pa1mer in consultation with H. E. Whittington and Kenneth
Campbell (Pavlides, 1968); ostracods identified by J. M.

Berdan. Locality 48 is locality IX of Berry (1960); Locality
49 is app~oximately equal to locali ty "P\7'! of Doucot, et a 1.
(1964a); locality 56 is locality "LB" of Berry (1964);
locality 59 is Locality E-13 of Boucot, et ale (1964a) and
locality 12 of Pavlides (1968); locality 65 is locality D-3
of Boucot, et ale (1964a) and locality "DB" of Berry (1964).
Localities 64, 66-68, 79-81, and 83-87 are located outside
the area of Plate I. The following ages are assigned to
the localities: localities 50, 58, and 90, Late Lla~doverian-
Wenlockian; locali ty 88, C3 of the Llandoverian-tvenlockian;
localities 51 and 59, Late Wenlocian; locality 75, Ludlovian;
localities 48, 54, 56, 57, 62, 65 and 67, Early Ludlovian

.(zone 33); localities 49, 52, 53, 55, 60, 61, 64, 68, 69, 70,
72, 73, 74, 76, 73, 79, 81, and 82-87, Early Ludlovian
(zones 33-34); localities 63, 66, 71, 77 and 80, probably
Early Ludlovian (zones 33-34).
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Table 21: Fossil localities from the Jemtland (Sj) and
Fogelin Hill (Sfh) formations, Graptolites identified by
w. B. N. Berry; brachiopo~s and gastropod identified by
A. J. Doucot. Locality 97 is locality B-2 of Doucot, et al •

.(1964a) and locality "DF" of Berry (1964); localities 98,
99, 109 and 102 are localities E-5, E-9, E-7 and A-2,

respectively, of Boucot, et al. (19G4a); locality 100 is
locality A-a of Boucot, et al. (1964a) and locality lies"

.of Berry (1964). The following ages are assigned to the
fossil localities: locality 91, Late Llandoverian-Ludlovian;
locali ty 101, Late l\'enlo.:kian-Ludlovian; locali ty 102,
Ludlovian; localities 89, 92-96, and 105, probably Early
Ludlovian (~ones 33-34); ioca1ities 103 and 104, Ludlovian-
Siegen.
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the Early Ludlovian localities indicates that the upper
85-90 percent of the Jemtland is of that age.

The age of the lower contact of the Jemtland is not
precisely established, but is known to be within the
\venlockian. ~lO localities (51 and 59) have produced
Late t\lenlockianfauna, and fossils -from five localities
indicate age spans of Late Llandoverian-Wenlockian. As
shown in Figure 5, the contact is inferred to lie in the
Early Wenlockian, but it could be as young as Late
Wenlockian.

FOGELIN HILL FO~ffiTION
Name and Distribution

A sequence of slate, fine sandstone, and siltstone
overlying the Jemtland Formation in Stockholm Mountain
Syncline is here named the Fogelin Hill Formation. The
unit is named for Fogelin Hill, a prominent topographic
feature in west-central New Sweden Township. No complete
section of the formation is available, but excellent
exposures of it are found on both flanks of the syncline
between Hanford and Stockholm. In particular, the formation
is well exposed: (1) in the village of Stockholm (espe-
cially at fossil locality lO~), (2) on the vlest slopes of
Fogelin Hill, (3) in the fields just northeast of Hanford,
and (4) along Tangle Ridge Road at fossil locality 103
just southwest of Hanford.
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Lithology
The Fogelin Hill consists of light-green and red

slate interlayered with calcareous fine sandstone and
siltstone. The rock types are quite variable in abundance,
and a particular outcrop may be formed of only one lithology.

Slate. It is estimated that slaty rocks form between
40 and 60 percent of the formation. Most. of these rocks
are light-olive-green or red-brown, silty, micaceous slate
which contains thin seams of light-green or red, fine-
grained pelite. The slates are variably calcareous. The
cleavage is commonly parallel or subparallel to the bedding
and may locally give the rocks a platy appearance.

The red and green slates of the Fogelin Hill are a
distinctive feature of the formation and contrast s~arply
with the gray pelitic beds of the underlying Jemtland.
The color pattern in many exposures does not appear to
be stratiform, and patches of one color may exist in the
other. Thin beds of slate (between fine sandstone beds)
have been observed, however, in which the colors are
stratiform, with tile red phases consistently overlying
the green. The boundary between the red (or red-brown)
and .green slates is usually irregular and diffuse.

Fine sandstone and siltstone. Light-greenish-gray,
very calcareous, and micaceous fine-grained sandstone or
siltstone beds are interbedded ,~ith the slates. These
rocks are generally parallel laminated, and an orange-buff,
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.porous-weathering rind is usually present.
The lamination is caused by cyclic variations in

argillaceous material and detrital mica (muscovite?) on
the scale of 2 nun or less. Spli"tting of the sandstone or
s~ltstone along the planes of mica concentrafion is
tJ~ical, espe~ially in weathered roadcuts. Non-
laminnted beds are also common, but cross-laminated and
convolute-laminated beds are rare.

The 'sandstone and siltstone occur in beds from 1/8
inch (3 rom) to several feet (1 to 2 m) thick, but most are
1 to 6. inches (2 to 15 em) thick. These rock types are
similar to those of ~ike grain size in the Jcmtland but
differ primarily in the conspicuous absence of ripple
lamination and the presence of a distinct greenish tinge
in their color.
LO\ver Contact

The Fogelin Hill Formation rests conformably.on the
Jemtland Formation in the Stockholm Mountain Syncline. A
similar relationship probably exists between the units
just north of Ashland near the Bellville Road, but strati-
~rap~ic and structural control there .is poor.

The contact is closely located just northeast of
Hanford, just north of Jemtland, and in the village of
Stockholm. In Stockholm, an almost continuous sequence
of exposures extends from fossil locality 95 in the
Jemtland Formation .dovll1the hill (along the road: north
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-from the village} to basal red slates of the Fogclin Hill
Formation. Green slates occur in the Jemtland section
belo\V the red slates. and are taken to indicate the changing
character of the sequence; the, contact is placed just b~low
the red slate.
Thickness

The top of the Fogelin IIill has not been observed in
the Stockholm Hountain Syncline; therefore, the total

, -
thickness of the formation is not kno\\'n. Approximately
2500 feet (760 m) of the unit is present along the axis
of tile.syncline from Stockholm to just \Vest of Spalding.
It is possible that thicker sections of tile formation
are preserved in the broader northeast and southwest
extensions of the fold.

Three fossil localities have been found in the Fogelin
Hill which su~gest a possible age range of Ludlovian to
Siegenian (1) (Table 19). Localit~7 105 is stratigraphically
near the base of the uni t, and Berry (personal cormnunication,
1970) considers the graptolite ass.emblage to be of probable
Ludlovian and possibly Early LUdlovi~n age. The poorly
preserved graptolites of localities 103 and 104 are placed
in ~)e Ludlovian-Siegenian span by Berry •. The'monograptid
of locali ty 103, hO\1ever, has thecae similar in shape to
those of the ~. hercynicus group; if the monograptid belongs
to that group, an ~arly Devonian age is indicated.
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Locality 103 is near the axis of the stockholm Mountain
Syncline and therefore represents the highest dated strata
in the formation.

SILURIAN SANDSTONE AND SLATE IN THE ASHLAND AREA
In and east of Ashland, the writer has mapped an

undifferentiated Siluria~ sequence consisting largely of
sandstone and slate, but also locally containing some

.conglomeratic mudstone. The sequence is not sUfficiently
well understood to justify establishing it as a formal
stratigraphic unit at this time; it will be described here
only briefly •

.Typical rock types of the unit may be seen immedi-
ately east of the village of Ashland, where it overlies
the conglomerate menilierof the Frenchville Formation
(Plate I; Figure 4). There the sequence appears to consist
mostly of light-gray, quartzose, and calcareous fine
sandstone with less abundant interbeds of ~reen-gray to
olive-green slate. The sandstone is thin- to medium-
bedded and locally fracture-cleaved. On the east flank
of the broad synclinal plunge, .at fossil locali ty 109,
strata resembling those of the Jemtland Formation are
present. Graptolites from this locality (Table 22) are
placed by lv. B. N. Berry (personal communication, 1970)
in the Early Ludlovian.

In Ashland itself, Ludlovian brachiopods (A. J.
Boucot, personal communication, 1965) were obtained from
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light-green, calcareous, thinly bedded, micaceous siltstone
at locality 108 (Plate II). Also, along Main Street

. (Maine Route 11) in the town, just north of its inter-
section with Maine Route 163 (Plate II), is a badly
weathered exposure of shale, fine sandstone, and pebbly.
mudstone. Both of these exposures .are placed in the
sandstone-slate sequence and are inferred to be separated
from th.emore eas tern occurrences. of the uni t by the
north-south Ashland Fault and intervening terrane of
t1interville and Frenchville rocks (inset map, Figure 24).

Conglomeratic mudstone is exposed at fossil locality
110 and in nearby exposures along Maine Route 163 (Plate I).
Cobbles up to 8 inches (20 cm) in ~reatest dimension are
present in the cleaved mudstone matrix \'lhichforms about
60 percent of the rock. A large proportion of the pebbles
and cobbles (80-90 percent) are of rock types that may
be assigned to the Jerntland Formation, and several of the
larger fragments even show thinly interlayered pelitic
and graywacke beds. The mudstone matrix is micaceous,
silty, calcare~us, and gray in color.

Light-gray, fine-grained, silty limestone and beds of
green-gray, pebbly, medium-grained sandstone have been
observed interbedded locally \-lith the .congloI71.eraticmuds tone.

Brachiopods from the mudstone matrix of the conglomer-
ate at locality 110 (Table 22) have been assigned a Late
Llandoverian age by A. J. Boucot (personal communication,
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1969). The presence of Late Llandoverian brachiopods in
a conglomerate containing fragments closely resembling the
rock types of the tvenlockian-Ludlovian Jemttand Formation
presents a contradiction that cannot be solved using
presently available data. Three possible explanations
can be offered:

1. The brachiopods are re"lorked and .the conglomerate
is younger (Latest Silurian-Early Devonian) than the
Jemtland Formation.

2. The conglomerate is of Late Llandoverian age and
the rock fragments are not from the Jemtland, but come
from an older, lithologically simila~ sequence.

3. Nothing is as it appears: the brachiopods are
reworked and the rock fragments do not come from the
Jemtland.

Boucot, et ale (l964a) cite the apparent absence of
Upper Ludlovian and lower Gedinnian rocks bet~leen strata
here assigned to the Jemtland and volcanic rocks of the
upper Gedinnian (Hedgehog Formation) in the Presque Isle
quadrangle as indicative of a period of nondeposition
and/or erosion. This nonsequence \'las correlated \'liththe
Salinic disturbance proposed earlier by Boucot (1962).
The occurrence of conglomeratic mudstones with fragments
of Jemtland (?) rock types immediately to the west of the
area of nonsequence is the principal reason the writer
favor£ alternative (1) above. Regardless of which
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alternative is cor-ect, the relati.onship of conglomerates
to the rest of the sequence in which they are tentatively
included is not clear; future work may show that the
conglomerates are part of a separate (possibly younger)
period of sedimentation than that represented by the
sandstone and slate succession nearer Ashland.
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.DEVONIA~ ROCKS OF THE ASHLAND AREA

Devonian rocks are pres~nt in.the study area only in
the vicinity of Ashland. Rocks of Devonian age do,
however, form extensive neighboring terranes; the reader
is referred to Boucot, et ale (1964a) for a discussion of
the Devonian of the Presque Isle quadrangle; Boone (1959),
Pavlides, et ale (1964), and Horodyski (1968) describe
the major features of the Devonian rocks \-,estof the
Presque Isle quadrangle. Since the study of Devonain
rocks is beyond the scope of this investigation, only a
brief discussion of strata of that ag~ mapped by the
writer in the Ashland area is-given here.

East of the Ashland Fault, lower Devonian rocks are
present in a syncline (refer to inset map of Figure 24).
These rocks consist largely of gray, brown-weathering,
micaceous, silty slate •. Interbedded \-liththis slate are:

(1) Micaceous, laminated, platy siltstone. This
siltstone is commonly weathered to an orange color and may
contain carbonized plant debris.

(2) Fine-grained, laminated, micaceous sandstone in
beds from 1 inch to 1 foot. (2-30 cm) thick. The sandstone
contains abundant macerated carbonaceous (plant?) material
and is usually weathered to an orange or orange-brown color.
In some exposures this sandstone may form up to 50 percent
of the section.
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(3) Light-gray, finely cry~talline, argillaceous
limestone. Beds of this limestone at fossil locality 113
(Appendix) contain abundant brachiopods, which A. J.

Boucot (personal communication, 1966) assigns to the r1idd1e
or Late Helderbergian (Late (~G~dinnian-Ear1y Siegenian) ~

(4) Light-gray, coarsely crystalline crinoidal
limestone. This limestone is commonly fractured. A
collection made by the writer from this rock type at
fossil locality III (locality 1098 A1 of Williams and
Gregory, 1900, p. 52) has produced conodonts (Appendix)
which G. Klapper (communication to A. J. Boucot, 1966)
assigns to the Gedinnian. similar limestone at locality
112 has yielded brachiopods, pelecypods, corals, a trilo-
bite, and a gastropod (Appendix), which A. J. Boucot
(personal communication, 1966) places in the middle to
upper Helderbergian.

(5) Limestone conglomerate. This conglomerate
consists of tabular to rounded pebbles and cobbles of
light-gray, finely crystalline limestone in a matrix of
gray, calcareous, commonly cleaved pelite. This lithology
is well exposed south of Ashland in the south road ditch
of Fenderson Road at the lvinslow Cemetery (Plate I).

No volcanic rocks have been observed in the Devonian
section in and near'Ash1and; this is surprising in view of
the extensive volcanic section present at Hedgehog and
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Squa Pan mountains a few miles to the southeast (Doucot,
et al., 1964a). Volcanic rocks of the Winterville
Formation in and north of Ashland were tentatively correlated
with the Devonian volcanics of the Presque Isle quadrangle
in early mapping (R. S. Naylor, personal communication,
1970), and this correlation is indicated on the recently
published geologic map of Maine (Doyle, 19'67); the relations
of these volcanic rocks to overlying Silurian strata
indicate that tilis correlation should be abandoned.

The relationship of these lrnqer Devonian strata to
the Silurian sandstone and slate sequence/discussed pre-
viously, is not clearly established. In Ashland the lower
Devonian overlies the Silurian rocks (Figure 24), but
the nature of the contact is unknown. East of Ashland,
at a distance of 2.15 miles a~ong Maine Route 163,
,exposures of Devonian limestone conglomerate are inferred
to overlie the Silurian strata at locality 109; ho\vever,
the contact has not been seen. Since no strata of Late
Ludlovian, Predolian, or Early Gedinnian age have been
documented, an unconformity is quite possible at the base
of the Devonian section in the Ashland area.
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DISCUSSION AND CONCLUSIONS

GENERl\L STATE!.lEN':e

From tile standpoint of regional stratigraphy, probably

the most important contributio11 of this \>lork is the esta-

b1ishment of the Silurian s1;ratiqraphy, as 5110\'7n in

~igure 5, and 'the mapping of these units over a ~1ide area

of nor.theastern rjaine ~ To the \'7ri ter' s kno\.;l(~dqe, there

is no other' area in Ne,'l England \.;here the complete (or

nearly so) ,Silurian system is so well documented paleon-

tologically and "'here the lithofacies relations have been

studi~d over so large an area.

The complexity of the Silurian ,stratigraphy in

northeastern l-iaine suggests that coeval sequences i.n meta-

rnorphic areas may be of widely' differGnt lithologic
, '

character, and correlatiorisof lithologically similar units

may, on the other hand, lead to the mixing .of W1its of

di ffcring age.' The presence of certain rock types in uni ts

of 'different ages indicates that care must be exercised in

the use, of "key" rock types for correlation nurnoses. P.ed

slates, for example, are present in rocks of Ordovician,

Silu'rian, .and Devonian age,. and the distinctive aphanitic

lime~tones are seen in all formations except the "linterville,

Aroostook River, and Fogelin Hill. Similar-appearing

sequences of widely different ages are also present; the

l1ada\llaska Lake .Formation is grossly similar to some slate
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phases of the Devonian (Seboomook Formation), and; at
higher metamorphic grades these. slate sequences ~ould be
difficult to separate lithologically. Conglomerates~
compositionally similar to those of the Frenchville
(Early Silurian) have been found in rocks as young as
Early Devonian in the Fish River-Big Machias lakes area
(Horodyski, 1968; Roy, unpublished data), indicating that
such conglomerates are more indicative of the persistent
influence of source terrain than .age.

On the" other harid, it does appear thrit the mangani-
ferous ironstones are restricted to the Silurian, and most.
are probably lOvler Silurian. Thinly' bedded. aphanitic
limestone, thouqh present in many of the formations, is
apparently restricted to the pre-Devonian in the study
area, and the occurrence of this rock type or its altered
equivalent in metamorphic .areas may be useful in separating
the Silurian svstem from undifferentiated Siluro-Devonian
sequences.

. The lithofacies developed in a particular basin are
the result of many factor~ and it is expected that the
resulting stratigtaphy will be, in large ~art, unique •.
The uniqueness of the sedimentation history of a basin
undoubtedly becomes greater the more closely the strati-
graphy is examined, but many of the large~scale features
of its development. may have counterparts in basins in
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similar tectonic environments. In order to set the stuoc
for the more detailed discussions ,.;hiehfolloN, the major
developments in the prc-nev6nian sedimentation history
inferred from the sfratigraphy of Figure 5 are presented

(1) Pre-Silurian. At'the close of the Ordovician,
n6rtheastern Maine was on the eastern margin of an area
of submarine volcanism, '-lith as socia ted chert, qray\"acke,
and black-shale depo~ition. Over much of the area to
the east of the volcanism, shale-gray\'lacke (Hada,..T<1ska
IJake Formation) and shale-limestonc-grav~.;racke (Carys
Hills Formation) deposi tion ",as in progress. The rcqion
was in the heart of the eugeosynelinal portion of the
geosyncline, \1here an environment.:of deep \-la ter surrounding
loca~ emergent volcanic islands was present.

(2) Early Llandoverian. In the earliest Lla.nr30verian,
regional uplift (Taconic 'orogeny) of the entire area bcgnn,

. .

producing increased emergent areas to the west and south-
west while leaving the study area submerged. During this
uplif~, coarse material derived lurgely from the volcanic
terrain entered the basin by turbidity-current transport;
this sand became interlayered with argillaceous sediments
in sediment ponds (liroostook River Formation) thClt \\Tere
at least in part separated fro~ more eastern areas of
continuing limestone deposition (Carys Hills Formation).
by submarine ar~as receiving little or no deposition.

312



(3) l1idc11e I.,landovcr ian-Ear 1'\r ~7cnlockiun. During

this period the uplift reached itn ll~aximum e?':tent, and

the emergen t terrain attainc.~J. its closest proximi ty to

the still submcrqed study (.lrea. Coarse debris. ShC(l

trom the nearby land areas " poured into the ])clsin do~nl

steep slopes, forming a clastic wedge 9f conglomerate

arid sandstone near the base of the slopes, \.,i th sandstone

il1terlayere~ \llith shale farther out in the basin (Frcnch-
ville Formation); eastward from this coarse: cliJstic
sequence, s6ale with local ironstone (New Sweden Formation)

and calcareous mudstone (Spragueville Formation) were

deposited. During the development'of these lithofacies,

the region began to subside, and the shoreline advanced

onto the land as the basin becarae deeper.

(4) Late t'Jenlockian-Ludlovian. As, the basin gre~'7

deeper and the s~udy area became more offshore, a tb.inly

bedded flysch ..sequen.ce d.eyeloped' (Jemtland F01~lnation) ,in

\'lhichturbidity-current deposi ts arc 'i-lell represented.

'llhisIi thofacies ShONS abundant indications tha t the

source: areas of the Late Silurian were similar to those

for the Early Silurian, but more distant. rrhc .Jemtlanc1
Ii thofacies is £ollo\'1ed, in the Stockholm ]\!ountain

Syncline, by an even more distal flysch-like sequence

(Fogelin Hill Formation) containing red slates that are

perhaps indicative'of a more open basinal environment.
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(5) Predolian-Siegcnian. The transition from the
Silurian to the Devonian is marked in several areas by
a disconformity and in other areas by possible conformity.
In the Stockholm t:lountainSyncline, Fogclin Hi 11 sedimen-
tation may have persisted into the Early Devonian, but
in tileAshland-Presque Isle area a disconfo~mity is
probable bet"leen Ludlovian and upper Gedinnian rocks.
Except for the areas of disconforrl1ity, the latest
Silurian-Early Devonian was, for the most part, a time
of continued transgression of the sea onto ,remnant land
areas,and local volcanism.

PRE-SILURIAN SETTING
The pre-Silurian history in the eugeosyncline

(Hagog Belt of Kay, 1951) of the Appalachian geosyncline
'is complicated, and many of the details are yet to be
resolved. For the purposes of this discussion, "le need

'only concentrate on the 'general geologic setting of
northern Haine and neighboring N'e," Druns'\'lickin the
latter part of Ordovician. Fortunately, recent investi-
gations'by several workers (Skinner, 195~pited in
Davies; 1966; Boucot, et all, 1964a: Hall, 1964: Pavlides,
et a1., 1964; Neuman, 1960, 1967: Pavlides, 1968) have
greatly advanced our understanding of the Caradocian-
Ashgillian time interval in this area of the geosyncline:
the £0110\.,ingpoints no\'lappear to be \'lellestablished:
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Slat~-graywacke Belt:

Smith, 1969; 'this report), Nine
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Lake Formation? (Pavlides, 1964),
Mattawamkeag Formation? (Ekren and
Fri~chknccht, 1967)

Aroostook-Matapedia Belt: Carys Mills Formation (Pavlides,'t__ --.;. __

1968), Chandler Ridg~ Formation,
(pav~ides, 1968)

Tetagouche Belt: Tetagouche Group (Skinner, 1956~ Davies,
1966)

(2) In the Spider Lake area the western volcanic
facies (zone 12-13) is underlain ~Y a volcanic-poor
sequence, the Chase Lake Formation (Hall, 1964: see
Figure 8). This formation, of zone 11-12 age, contains
a lO''lercong1omerate-graY"lacke member f and an upper
slate-graywac~e member; gra~vackes from both members
contain abundant fragments of volcanic and sedimentary
(slate, chert, and quartzite) rocks.

(3) Rocks of Late Llanvirnian-Llandeilan (zones 9
'a'i1d10) age have. not been' documented in northern Haine
or New Brunswick.

(4) The persistence of the lithofacies belts into
the Lat~ Ordovician (zones 14 and 15) is only parti~lly
docu~ented. The presence of brachiopods and graptolites
of Ashgillian age in the Winterville Formation at fossil
locality 1 in Ashland indicates that the western volcanic
facies \alaspresent there at that time. Hall (1964)
suggests the possibility that the Blind Brook Formation
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also extends from zone 13 of Car~docian (established) to
as young as Ashgillian, but no firm evidence for the
younger age is available. Stratigraphic evidence has
been presented in this report indicating the possibility
that the Madawaska Lake Formation (slate-graywacke belt)
may extend into the Ashgillian; lithologic similarities
of parts of the Pyle Mountain Argillite (Ashgillian) to
the Madawaska Lake suggests that the Pyle Mountain may
represent a local (Castle Hill Anticline area) encroach-
ment of the slate-grayvlacke facies onto a "dormant"
portion 6f the western volcanic facies. The Carys Mills
Formation of the Aroostook-Hataped~a Belt contains
Ashgillian graptolites at locality 22 and Early Silurian
graptolites elsewhere which document the persistence of
this lithofacies into the Early Silurian (Ayrton, et al.,
1969). The Tetagouche Belt is not reported to contain
Ashgillian strat~ and it is possible ~hat the eastern
volcanic facies present in this group did not continue
into the latest Ordovician. Neuman (1967) describes
dated Ashgillian sandstone, conglomerate, and siltstone
(unnamed) in the Traveler quadrangle that overlies
greenstone; these may represent deposition marginal to
an emergent part of the western volcanic facies.

The origin of the volcanic facies has been the SIDJject
of much speculation. The presence of arcuate belts of
appreciable length and contai.ning volcanic rocks in the

317



cugeosynclinal portion of t.he l'}C"j Enql uncI I~PPii.lach.ians

has lea. to the comrnon conclu~)ion tha l: these bel ts
represent II. chains II of volc2nocs or volcanic islands.

Host of the formations comprisin~! the volcanic be:l t sho\.,.,
an interlayering of flot,., rocks (commonly pillo\\:(~c1) w'ith
dark slates (many containing grClptoli tcs), chert.s '(Hi th

and "li tj10Ut radiolarians), tuff~3, and t:uffaceous sand-
stones and conglomerates. This association has commonly

been interpreted to represent deposition in relatively
deep water (Kay, 1951; Hall, 1964; Neum~n, 19G7, 1968).
The location of volcanic (or nonvolcanic) terrain that
was emergent during the formation of the volcanic belts
is difficult to establish; however, the abundance of
volcanic and, .less commonly, shelly fossil debris in the

sandstones and conglomerates associated ,.,iththe £10\"

rocks is taken as evidence that shoals or emergent areas
existed (Horodyski, 1968; Neuman, 1968).

Several attempts have been made to explain the
Middle Ordovician volcanic belts as ancient islnnd arcs,
analogous to those seen in the western Pacific and elsevlhere
today. In a recent syn~lesis of the tectonic development
of the Appalachian orogene (Bird and Dewey, 1970), for
example , it is suggested that both the "Jestern volcanic

belt (their Olivcrian Belt) and the Tetagouche belt were
island arcs complete with trenches along their eastern
margins. The area of this study is placed, therefore,
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between two island arcs and inferred to contain both a
trench and ocean basin (Bird and De\'1ey,1970, Figures 1
and 10). ~lO considerations suggest that this interp~e-
tation severely strains both the known pre-Silurian
geology of the region and the features of modern island
arcs:

(1) There is an important problem of scale. P1ace-
ment of the trench zone of middle or upper Ordovician
age inunediately east of the wain "mass" of volcanic rocks
of that age (Bird and Dewey, 1970) means that it must
rw) near or southeast of Houlton, Maine (in Ordovician
rocks). No evidence of s~ch a trench (e.g. chaotic
deposi ts, "argille scaliose," cited by Bird and Devley as
indicative of a trench zone) is present in northeastern
Maine and has not been reported in New Brunswick. In
addition, modern island-arc trenches are normally 200-
300 km (130-190 miles) from the main volcanic activity;
allowing for shortening due to the Acadian folding, an
eastern trench associated with the volcanic belt in the

area
study/should be located in the Ordovician section in
central or southeastern New Brunswick, an area which is
unfortunately largely covered by carboniferous strata.

(~) As pointed out by Kay (1951), many modern island~
arc terrains have had extensive geosynclinal histories,
with con~only more than one period of deformation,
metamorphism, and intrusion, and care should be exercised
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in interpretin~ lithofacies of a given time interval as
indicating the presence of ~uch an arc. In some arcs

(e.g. Sumatra-Java), the present volcani.sm i.s larqely
superficial an~ a relatively recent developrn~nt.

'1'he Caradocian-As"hgi Ilian Ii thofacies suggcs t to
the writer that northeastern I'-'Iaincwas the s i.tc of
marine volcanism in the v!est tV'ith nearby s1n1:e-grayt..rncke

and more distant (east) limestone-slate deposition.
Submarine volcanic cones (seamolli~ts?) and emergent areas
(containing" volcanic and nonvolcanic rocks) were probably
~resent/shedding coarse clastic debris into the surround-
ing basin"al areas. As ShO\'ln schematically in Figure 43 A-I,

ev id.ence of the 'latest Ordovician (Ashgillian) indicates
that some originally volcanic areas 'tverecovered by thin (?)
argillaceous deposits (Py~e Mountain Argillite) as well as
sandstones and conglomerates (unnamed unit in the rrraveler
qua~ra~gle, Neuman, l~67). ~he known Ashgillian deposits
are along the eastern side of the volcanic belt, and their
absence farther west in the heart of the volcanic terrane
is probably due to a cowJination of nondeposition, post-

Taconian erosion, and nonrecognition.

ORDOVICIAN-SILURIAN TRANSITION: rrACONIC OROGENY

Reqional Considerations
In many parts of New England, Silurian rocks rest

unconformably on Ordovician and pre-Ordovician rocks;
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Figure 43: The schematic development of the Silurian
stratigraphy in the Ashland and Presque Isle quadrangles.
A. Dev~lopment of the stratigraphy along section C-C'
of Plate .III from the Ashgillian to Early Ludlovian.
B. Profile through the Silurian section between Ashland
and Perham during the Early Ludlovian sho~ling the writer's
interpretation of the Frenchville lithofacies in the
Ashland-Frenchville area.
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in most cases this unconformity is attributed to a Hiddle
Ordovician to Ear~y Silurian period of deformation, the
Taconic orogeny. In a recent detailed review of the
stratigraphic evidence for this orogenic event, Pavlides,
et ale (1968) have shown that the orogeny affected some
areas and had little or no effect in other areas; the
present regional data suggest that areas of angular
unconformity and conformity form parallel belts with
intervening areas of. apparent disconformity (Pavlides,
et al., 1968, Figure 5-1). Using, in part, data supplied
by the writer, Pavlides, et al. (1968) show the area of
this study as containing ~he transition from angular
unconformity in the west to conformity in the east.
Area of this Study

The inferred areal extents of angular unconformity
and conformity between the Ordovician and Silurian systems
in the area of this study are shown in Figure 44; an
intervening region of disconformity or only slight angular
unconformity is also indicated.

The area of conformity in the eastern part of the
area is based on the paleontologic data in the Carys Mills
Formation that. show it to extend into the Early Silurian;
regionally the formation is known to contain strata of
graptolite zones 13, 15, 18, and 19 (Pavlides, 1968). The
extension of the area of conformity as a rlarro\'1belt
toward Ashland is based on the local presence of the
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Figure 44: Areal relationships of Silurian to Ordovician
rocks in the area of this study. Criteria for establish-
ing each area are discussed in the text.
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Aroostook River Formation be10\', the Frenchville. The

Aroostook River is here considered to be Early Llandoveri~n

(?) in age and is inferred to overlie the Hacc1\ ..raska Lake

Formation conformably, as sho\';n in section C-Ct of Plntc III.

The areas of angular unconformity are based on

observed angular unconformities and the lac1c of documented

16\ver Llandoverian rocks in each area. '.1'heboundaries

of these t\'IO areas probably join beneath younger rocks to

the south~',estf since no lovler Llandoverian rocks have

been observed in .the Greenla".'l and O~:bo\.]quadrangles (l1oy

and 1.lencher, unpublished data; Henry Hansen, personal

conununication, 1969) or on fl"anks of the "Jeeksboro-

Lunksoos Lake Apticline (Neuman, 1967).

The area of disconformity (or very slight angular

unccnformi ty) is based on. the absence of lovler Llandoverian

rocks and the structur~l conformity of upper Llandoverian

strata (primarily the. Frenchville) on pre-Silurian units.

fJ.1hemap of Figure 44 is not dra\.;n on a palinspastic

base; and, as a resul t, the areas sho\',inq a particular

relationship are compressed in a northwest-southeast

direction (about 50 %) north of the la ti tude of 1'7ashburn

and in an east-,';est direction south of lvashburn. In the

Ashland-Frenchville area, strike-slip movements along

nearly cast-west faults have shifted some terrain to the

\'Jest, and the l\lder Brook Fault, of uncertain displacement ,
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is probably "respoP'r:iblefor c1ose~_y ju'xtaposing areas of
angular unconformity and apparant conformity (Figure 44).
Timing of the Taconic Orogeny

The timing of the Taconic deformation in northeastern
Maine is now well established as Early Llandoverian
(Pav1ides, et al., ~968; see Figure 5). Pav1ides (1968)

has argued that the transition from the limestone-rich
Carys Nil1s to the more slate-rich Smyrna Hills Formation
(Houlton area) and Ne'" Svleden Formation (area of this
study) during the interval of graptolite zone 19 reflects
the tectonism and may be used to date the first movements

"of the uplift to the west. The writer concurs, in part,
with this assessment; hOvlever, such a subtle and gradual
change in sedimentation may lag behind the initial
movements of the deformation.

Hamilton-Smith (1969) described the Siegas Formation
in the Siegas, New Brunswick area as an Early Llandoverian,
proximal turbidite sequence conformably underlying the
Ne\-lSweden, The Siegas Formation, of limited extent, is
interpreted by Hamilton-Smith to represent the first
influx of coarse clastic debris from an uplifted area, to
the north, along the present western anticlinorium. The
clastic debris in tile Siegas is rich in voicanic and
aphanitic limestone clasts; the former are attributed to
the erosion of a volcanic (Winterville?) terrane and the
latter ~'lerederived from er?ding Carys Hills strata.
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The Aroostook River Formation, also of local extent,
contains brachiopods similar to those in the Siegas
Formation, but not as definitively Early Llandoverian
(A. J. Doucot, personal communication, 1966), and is

here interpreted to be a turbidite sequence in which the
first coarse material from a rising western source in-
vaded the basin. Both the Aroostook River and Siegas
formations are considered to be coeval with the upper part
of the Carys Mills. Since the youngest rocks below the
Taconic unconformity are Ashgillian (Pyle Mountain
Argillite and young phases of the Winterville), and the
oldest sedimentary rocks in the basin that reflect the
uplift are lower Llandoverian, the initial Taconic
movements probably occurred in the early, perhaps
earliest, Llandoverian.
Nature of the Taconic Deformation

The Taconic orogeny in northern Maine was a mild
deformational event (Hall, 1964; Pavlides, et al., 1964;

Boucot, et al., 1964a; Pavlides, et al., 1968). No
regional cleavage or metamorphism has been unequivocally
assigned to this uplift, although local angular unconform-
ities (this study) beneath Silurian rocks, and beta
diagrams for Ordovician bedding (Hall, 1964; Hamilton-Smith,
1969) provide evidence for at least gentle folding.
General uplift of the western volcanic belt along the
trend of the present l1unsungun-Pennington r.:rountain
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Anticlinorium appea~s to have been the principal effect.
The Rockabema quartz di6rite (locally granodiorite)

of post-Caradocian and pre-Late Llandoverian age (Neuman,
1967; Ekren and Frischknecht, 1967) may be associated with
the Taconic orogeny, and probably forms a part of the
Highlandcroft Plutonic Series (Billings, 1937; Naylor,
1968). The Rockabema is a small pluton in the Weeksboro-
Lunksoos Lake Anticline, and is described by Neuman (1967)

as an "altered quartz diorite, including medium-grained
°equigranular and porphyritic facies and fine-grained
porphyritic facies •••• Much of the Rockebema is
cataclastically sheared ••.. The t~xture of the
light-colored more equigranular coarse-grained rock
is subhedral ••••\-7ith some granophyric intergro\'lths
of quartz and feldspar. An incipient porphyritic
texture is suggested by the clustering of like
minerals. Feldspar fs slightly more abu.ndant than
quartz, and together they compose about 95 percent
of the rock. As much as one-third of the feldspar
in some specimens is potassic, some slightly per-
thitic, indicating a compositional range of the
rock from quartz diorite to granodiorite ••••
Chlorite and epidote pseudomorphs after biotite form
about 5 percent of the rock .••• The traces of
granophyric texture preserved in the more equi-
qranular rock indicate that part of the Rockebema
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is a hypabyssal intrusive.1t

The cataclastic texture and chloritization of mafic min-
eraJs are interpreted to be Acadian effects since the
cleavage in the pluton parallels the regional cleavage
and fragments of the Rocka;bema in mantling Early Silurian
conglomerates (Frenchville Formation) contain unaltered
biotite (Neuman, 1967).

Though the deformational effects of the Taconic
orogeny in the area of this study involved local folding
and nondeposition, very little, if any, of the area
becrone emergent. As discussed in subsequent sections,
the Silurian sediments that followed or were coeval
wi th the Taconic hiatus \'leredeposited off-shore and
possibly in relatively deep water; no record of near-
shore or strand-line deposits is present.

EARLY LLANDOVERIAN SEDIHENTATION AND PALEOGEOGHAPHY

General
In the area of this stUdy the lO\ver Llandoverian is

represented by the Aroostook River Formation and the
upper portion of the Carys Mills. The Aroostook River
is composed of interlayered fine slate and sandstone;
thihly interbedded slate and limes tone (loTi th less graY'"ackc)
form the more eastern Carys 11ills. These bolO facies are
separated, bebleen Frenchville and Mapleton (Figure 55),
by an area in \vhich lO\olerLlandoverian rocks are absent,
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but the facies may interfinger \vest of l~lashburn in the

subsurface.
Ar6ostook River Formation

The'llroostook Hi.ver Formation is inferred to overlie

the !.'1ada\'laskaLilke' Forlnation and, because of. their general
similarity (abundance of pelite, in particular)~ they are
thought to be conformable. The interlayering of fine
pelite '-lithlaTftinatedand graded grayvlackes suggests that

the sequence formed offshore, ,.,ith turbidi ty currents
supplying the coarse-grained detritus.

Since turbidite sequences are coromonly areally exten-
sive, the limited distribution of the Aroostook River
Formation suggests that either pre-Frenchville erosion has
removed the unit in many areas or it is the result of
deposition in a restricted basin. The writer suggests
that the formation was deposited in a laterally restricted
environment, perhaps a sediment pondr the alternative
hypothesis of erosion is considered unlikely because it
requires the removal of 1500-2000 feet (460 to 610 m) of
the formation jusi north of Frenchville, whereas a few
mi1~s to the west evidence of prc:Frenchville erosion is
absent. rrhe west\:7ardextent of. the Aroostook River
Formation is unknown, but the unit is at least in part
separated from coeval strata in the Carys r<iillsto the east
by an area lacking lo\'lerLlandoverian strata •

.Hersey (1965) and Ryan, et ale (1965) have described
modern sedi~ent ponds in and near the Tyrrhenian i\bvssal
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Plain (including the plain itself) and, since they have
found these ponds to contain. graded, laminated, and
cross-laminated sands interlayered \V'ith"malleable"
mud, it was suggested that flysch sequences may have
formed.in such ponds. Hegardless of the universal
applicability of the sediment-pond model to.-flysch suc-
cessions, the model i.sattractive for the Aroostook
River Formation because it explains not only its tUDJi-
dite nature and restricted. distribution; but also helps
to explain the se~ming absence of cqarse detritus in
contemporary Carys Mills strata to the east. The
model suggests that the coarse debris shed from a
rising land are? 'to the west was trapped in sediment
ponds before it reached the more offshore environment

..of limestone and shale deposition.
Carys' Mills Formation

The 'Carys Mills Formation represents a rather ex-
tend~~ period of sedimentation (at least graptolite
zones 13 through 19~ and much remains to be learned
about the evolution of depositional environments and
processes it records. Durinq its early history (Late
Ordovician) the Carys Hills was marginal to volcanic
belts, though probably largely separated from them by

zones of slate-gray.'lacke deposi tion; later in the Early
Silurian volcanic activity was greatly reduced, but
volcanic terrane was emerging to the west as a result
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of the Taconic upiift. These changes in the tectonic
environment of the area, must have had effects on the
nature of the strata being deposited. For the most part
these effects cannot be defined very precisely, since the
scarcity of fossil localities and complex deformation
prevent the determination of vertical litholoqic varia-
tion.

In the area of Plate I '\'lheremost of the dcfini tive
paleontologic data have been found in the formation, the
lithologic sequences at the fossil localities suggest
an evolution of the sequence that is compatible, in a
general \Vay , with what is kno\vn about i tspaleotectonic
setting. The O~dovician fossil localities (22 and 23,
Table 3) are in successions containing abundant gray-
wacke and slate with less aphanitic. limestone, whereas
the.,Early Silurian localities (21 and 24, Table 3) are
dominantly aphanitic limestone and slate. It is here
suggested that the apparent greater abundance of gray-
\vacke beds, commonly containing volcanic detri.tus and
sho\.,inggrading and other features compa1i'ble \.,ith
turbi~ity-current deposition, in the OrdoVician phases
of the Carys Nills is a reflection of its formati.on in
a basin marginal to active volcanism. Younger, more
limestone-rich, strata may have been dep6sited in a
basin protected from the influx of coarse-grained detritus
by sediment ponds (e.g. the Aroostook River Formation)
nearer the source.
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Possibly the most interesting lithologic feature of" ,the
the Carys Nills Formation is/abundance of thinly bedued
fine-grained limestone. Pavlides (1968) considers most,
if not all, of ~hese limestone beds to have been deposited
by turbidity currents in view of sedimentary structures
that are present in many of them. Neuman (1968) and
Hamilton-Smith (1969) have questioned the importance of
turbidity-current deposition as suggested by Pavlides
and have inferred shallow platform (Neuman) and deep-
water restricted basin (Hamilton-Smith) environments as
alternative interpretations. Hamilton-Smith based his
model on the present-day Black Se~as described by
Caspers (1957) and inferred a biogenic origin for most
of the limestones while recognizing the validity of a
turbidite interpretation for "what he found to be rare
graded limestone beds.

There is a growing body of evidence to suggest that
thinly layered fine limestone and slate (shale) sequences
like the Carys Hills developed offshore, in "deep ~"ater"
(depth greater than storm wave base; about 300 feet), and
under reducing or nearly-reducing conditions. Wilson
(1969), Garrison and Fischer (1969), and Tyrrell (1969),
for example, find this lithofacies a common basinal phase
in areas where shelf-slope-basin carbonate sequences can
be worked out, and Davies (1968) has described a possible
modern analog from the Sigsbee Deep (Gulf of Nexico).
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\'lilson.indicates tl)at the follo\'lingcharacterize the
limestones of this facies:

(1) Dominance ot lime mudstone
(2) Relatively common calcisiltites and fine

grainstones, usually showing small-scale grading or
ripple cross-lamination of the pelletoid grains.

(3) Dark color {pink and red limestones occur in
some places).

(4) Small-scale, even lamination.
(5) Very even and planar beds tl1at are generally

0.5 to 1 foot (15 to 30 em) thick interlayered with thinner
shale beds.

(6) Major discontinuities in bedding appear to form
large~scale cut-and-fill or slump structures. There is
also a general rarity of convolute bedding, flame
structures, or other indications of soft sediment slumping.

(7) Generally very' specialized benthonic fauna;
much more commonly solely pelagic fauna. This featur~
together with an abundance of carbonaceous material/is
taken to indicate 10'\'1 Eh condi tions •

with the exception of large-scale slump or cut-and-
fill structures (number 6 above), these features are
typical of much of the limestone in the Carv Mills,
especially its Silurian portion. 'Hilson IS n lime mudstone n

and "calcisil tites" are taken to be Pav1ides I (1965)
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IIguartz-£rce" and Ilquurtzos(~11 limestones respecti V(~J.y.

Pelletoid grains, composed of finely crystalline car--

bonate and argillaceous material, have hot been reported
from the Curys I.lills limestones; these grains, if ever,
present, mcJ.y have been eliminated during rec:r.ystttllization.

Hilson (1969) and Tyrrell (19'69)believe that the
deep-\vater limestones have c:3..evelopedby submarine transport
of lime mud and frngmental carbonate material from margin-
al shelf areas. Graded bedding in the calcisiltites
and transported fauna are thought to indicate that tur-
bidi ty currents ""ere an important transporting agent.
A similar origin for the Carys Mills limestones was
inferred by Pavlides (1968); Hamilton-Smith (1969),
ho\vever" considered that most of the beds \'lereformed
by the settling of biogenetic carbonate from aerated
surface waters with subsequent recrystallization to
produce the aphanitic texture.

The origin of the limestone beds is still open for
considerable stUdy. It is quite likely that both
turbidity-current and nonturbidity-current deposition
is involved, but as yet no 'reliable ,criteria have been
found to distinguish limestones of different origins.

l1IDDLE LLANDOVERIAN-EARLY ,,,ENLOCI{IAN SEDII.1ENTI\TION AND

PALEOGEOGRAPHY
Lithofacies

rrhc middle 'Llandoverian-lower "lcnlockian rocks of
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the study area form three principal lithofacies:
(1) a western coarse clastic facies (Frenchville

Formation),
(2) a medial slate-ironstone facies (Ne\vS\'leden

Formation), and
(3) an eastern (largely southeastern) calcareous

mudstone-silty limestone facies (Spragueville Formation) •
The western clastic lithofacies may be further subdivided
into lithofacies corresponding to the five members of the
Frenchville Formation. The areal distributions of the
middle Lloandoverian-lovler lvenlockian Iithofaciesl together
with ~eir principal 'rock type~ar~ given in Figure 45.

Conglomerate-rich lithofacies are present along the
northwest margin of the basin and in the Ashland-
Frenchville area to the south; these tvlO occurrences
probably join to the south\vest, under a cover of younger
rocks. Eastward from the conglomerate-rich lithofacies,
sandstones become interlayered with increasing amounts
of slate until they cease to be important in the section.
The conglomerate-rich lithofacies in the Ashland-Frenchville
area has a geometry suggestive of a submarine fa~ since
it inteffingers distally with the sandstone-slate litho-
facies to the northwest and north as well as to the east.

To the east/the. lithofacies of the Frenchville
Formation interfinger with the calcareous slates and
ironstones of the Ne,v S\veden Formation. The slate-
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Figure 45: The distribution of Middle Landoverian-
Early WenlocJ<:.ianlithofacies. The area indicated as
composed of "conglomerate, lithic grayvTacke, and feld-
spathic graywacke" contains the superimposed graY"lacke,
conglomerate, and feldspathic, sandstone members of the
Frenchville. The conglomerate member of the Frenchville
forms the area of "conglomerate and lithic graY\'lacke";
the sandstone-slate member forms,the area of "lithic and
feldspathic sandstone, and slate"; the quartzose sand-
stone member forms the Ilquartzose sandstone and slate"
area. The Ne~T Sweden Formation forms the area of
Ilslate ,v~th manganiferous ironstone lenses" and the ,"cal-
careous mudstone and silty limestone". area is the
Spragueville Formation. Open arrows show the inferred
directions of sediment transport. Letters ~lithin the
arro\'lSindicate the principal source rocks for the
sandstones and conglomerates of the' Frenchville Formation;
\v=V7interville Forma tion, H=r.lada'vaskaLake Formation,
and QD=Quartz Diorite (plutonic).
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ironstone lithofacies, in turn, "merges gradu?lly with the
calcareous mudstones and silty limestones of the Sprague-
ville Formation/which is the easternmost lithofacies of
the study area.

The facies pattern, shown in Figure 45, indicates
that the study area lies along the western margin of a
marine basin with nearby'sources of sediment. The
inferred directions of sediment transport, based on the
facies pattern and provenance of the sandstones and
conglomerates (discussed belo\'l),are also indicated in
Figure 45. The sudden appearance of the coarse clastic
debris of the Frenchville during this" time interval
indicates the general emergence of land to the west and
south and its closest proximity to the site of
sedimentation.
Sandstone and Conglomerate Provenance

General. The abundance of lithic fragments in most
sandstones of the Frenchville and New S\'ledenFormations
makes them ideal indicators of provenance. In addition,
the common abundance of feldspar, especially plagioclase,
is a good indication of the "first-cycle" character of
the detritus (Pittman, 1970; Folk, 1965).

The petrographic data from the sandstones of the
members of the Frenchville and the New Sweden formations
were analyzed to show their principal source. The results
of this analysis are plotted as GHI diagrams in Figure 46.
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Figure 46": Principal-source diagrams for the members of

the Frenchville Formation. Two analyses of sandstones

from the New Sweden Formation are also plotted. Modal

components placed in each pole are given in Table 1

and discussed in the text. Enlarged symbols give the

average composition of each group of analyses.
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The modal campone:-.t-s placed in eech. pole of the tri-
angular diagrams are given in Table 1. Fine-grained
volcanic rock fragments (of all types) and chert and
"cherty" fragments comprise most of the components placed
in the "1" pole, but sericitic fragments (mostly saussuri-
tized plagioclase grains), slate and siltstone, sa~dstone,
and detrital carbonate clasts,if presen~are also
included; this pole represents derivation primarily from
the Ordovician Winterville Formation, with a smaller
contribution from the Nada\vaska Lake Formation. The "H"

pole includes single and composite feldspar grains to-
gether with all composite quartz-feldspar grains including
micrographic quartz-feldspar; this pole contains material
inferred -to be deriver1 from plutonic rocks in the source
area. Only single and composite quartz grains are
placed in the flG"pole; these probably represent both
plutonic and volcanic sources with contributions from
re\'lorkedsedimentary rocks.

The provenance of the detrital constituents of all
Frenchville-New S\'ledensandstones can' be found in the
pre-Silurian rocks of the region. The provenance of each
of the members of the Frenchville Formation are shown by
well defined fields in the principal source diagrams.
The field for the graywacke member lies near the center
of that, for the conglomerate member (Figure 46A), and
both menmers are primarily'~erivcd from a volcanic terrane.
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Estimates of the composition of pebble conglomerates based
on modal analysis of large sections (Table 7) are also
plotted in the diagram and cluster near the "I" pole. As
in the ABC and DEF diagrams previously presented (Figure 15),
the GHI field for the conglomerate member is left open
at the quartz-rich end out of respect for analysis 21.
The-GHI field for the feldspathic sandstone member is
distinctly in the plutonic-source region of ~he diagram,
reflecting the general abundance of composite quartz-
feldspar grains (Table 9) in that uni t; \vith the exception
of analysis 33, the analyses are scattered about a line
extending from near the "R" pole a,nd curving up to\vard the
SO-percent-quartz line. The sandstones of the sandstone-
slate menilierform a field (Figure 46B) covering the fields
of both the conglomerate and feldspathic sandstone members,
which is a reasonable consequence of the sandstone-slate
member being laterally equivalent to these two members
and containing sandstones derived from both the Winterville
and plutonic sources. The quartzose sandstone member is
inferred to contain two populations of sandstones, one
derived largely from a volcanic source and the other
formed of detritus from quartz-rich plutonic rocks and/or
reworked quartz-rich sedimentary rocks.

Much of the Frenchville in the northern part of its
outcrop belt has at least a partial plutonic source. This
provenance is reflected in the quartz-rich clastics of the
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quartzose sandstone member anc1 the abundan~ grunophyre
fragments in the lense of conglomerate northeast of Collins
Siding (Plate I). The almost universally Nell-rounded
character of the quartz in the quartz-rich sandstones, and
tlje 10\'1 abundances of composite quartz-feldspar grains
indicate that ~hese rocks are compositionally mature even
though most are texturally inunature (Dott, 1964). 'fhe

origin of ti1e rounded quartz is not clear, though most
appears to be plutonic quartz (Folk, 1965). Some somples
have appreciable lamellar quartz (Fairbairn, 19lj,l)"lith
undulo~e extinction. The la~e1lae show no consistent
orientations in the relatively undeformed sandstones,
suggesting that they.formed in the source rock.

Rocks containing abundant quartz (lamellar or other-
wise) have not been observed in the pre-Silurian terrain
of the ~vestern anticlinorium, making direct provenance
st~pulation impossible. .Since the Biddle I,landov~rian-
Early Wenlockian facies pattern suggests derivation of
the quartz-rich clastics from the north"lest, it is i.nferred
that a quartz-diorite/granodiorite intrusive (provenance
~or granophyre, unstrained quartz anq plutonic composite
grains) and deformed quartzite (?) (source of lamellar
quartz) are present, and as yet undetected, in 'the pre-
Silurian of the anticlinorium or concealed beneath
younger rocks to the north,'lestof the anticlinorium. If
quaitzite is the provenance of the lamellar quartz, then.
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a likely origin would be exposed pre-volcanic terrane
containing the Grand Pitch-Chase Lake sequence (Cambrian?)
of Neuman (1967) and Hall (1964), or its equivalent.
Neuman (1967) has observed clasts of the Grand Pitch in
the Frenchville equivalent in the Shin Pond quadrangle,
but does not indicate the presence of lamellar quartz •

. Volcanic and Sedimentary Rock Source. Except for a
few of the quartz-rich sandstones~ all sandstones of the
Frenchville and New Sweden formations contain volcanic
detritus. The suite of volcanic (mafic and felsic) and
associate"d fine-grained siliceous rocks (chert and "cherty"
rocks) are found in the Hinterville Formation as \'1el1as
its equivalents in nearby regions. The high proportion
of volcanic debris in some of the rocks apparently caused
Williams and Gregory (1900) to classify them as pyro-
clastics; the writer has found no rocks that show convinc-
ing evidence of pyroclastic texture (Fiske, 1969).

A comparison of major rock types in the l'lintervil1e
Formation, as estimated by Horodyski (1968), \'liththe
average abundances of these rock types' in 'Frenchvil1e
sandstones and conglomerates is given in Table 23.
Hor9dyski's estimates ,::.theonly ones available for the
pre-Silurian volcanic terrane, represent the frequency of
occurrence of the various rock types as outcrops in a
large, but heavily wooded, area around Fish River and
Big Nachias lakes. His estimates undoubtedly \'leightthe
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volcanic rocks' more heavily thun ~lose of sedimentary
origin. The relative abundance of mafic to felsic
volcanic rocks is probably reasonablv good for the urea
he studied and agrees with the writer's e~1erience in
mapping \'.1'ithin the formation. Hall (19 G4), hO\'7cver,

describes felsic (rhyoliticY roc}~s, i.ncluc1i~1gthe Raq~led

l10untain men1ber, as common, though not dominant, in the
Bluffer Pon~ Formation in the Spider Lake area (Ficrure 7);
similar rocks are also cornman in the Castle Hill Anticli.ne
(Williams ~nd Greqory, 1900; Boucot, et ai., 1964a).
These local abundances of felsic rocks in t:hc Ordovician
suggest that the source area.may have been quite variable
in felsite abundan.ce. Despite the above uncertainties,
the data of. Table 23 illustrate some general observations
apparent in the field:

(1) Felsic rock fragments are more abundant in the
clastic rocks relative to mafic varieties. This is nar-

'. • ..': -

ticularly true of the pebbles in the conglomerates. This
enrichment of felsic debris may in part reflect an under-
estimation of the overall felsic population in the source,
but is.probably due. to the more rapid degradation of
mafic fragments during erosion' and transportation.

(2) Chert and "cherty" rock fragments are also
enriched in the Silurian clas~ics.

(3) Slate and sancstone are greatly underrepresented
in the lithic fragments of the sedimentary rocks. Since
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the pre-Silurian abundance of slate is much greater than
10 percent (taking the Madawaska Lake and Machias River
formations into account, for instance), this deficiency
is even more marked. Slate fragment depletion, "tlhichis
commonly observed in sandstones (Pettijohn, et al., 1965),

is due largely to the weak resistance offered by argil-
laceous materials to both chemical and mechanical break-
dOvln. Sandstone (graY\'lacke)fragments are only rarely
seen in the Frenchville clastics and, where present, are
usually in coarse sandstones or conglomerates; conglomerate
fragments have not been observed.

Olive-green slate and rusty limestone fragments,
probably derived from the 1-1adat'7askaLake Formation, are
abundant in the sandstones and conglomerates at fossil
locali ty 3.1 near Hadawaska Lake. Green slate and argilli te
fragments in the Frenchville at locality 1 in Ashland
are identical to the slate and argillite of the under-
lying \vinterville Formation. Except for these t"10
occurrences, it is not possible to establish with any
certainty the source of the pelite clasts commonly seen
in the Frenchville. Black pelite fragments, which are
conunon, are probably largely derived from the Black slates
of the \\Tinterville, but darker phases of the !-ladatvaska
Lake Formation may also have been a source.

The sandstones of the conglomerate member generally
contain detrital pyroxene g~ains and embayed quartz grains

349



wit~ straight faces and rounded corners. The former are
undoubtedly derived from augitic basalt and diabase, and

.the latter probably come from phenocrysts in keratophyric
and rhyolitic felsic rocks.

Plutonic Source. The assignment of composite quartz-
feldspar (including micrographic quartz-feldspar) grains
to a "plutonic" source is based on the follo\'ling:.

(1) Quartz crystallites arc of the common "plutonic
type" (Folk, 1965) with trains of vacuoles and slight to
moderate undulose extinction.

(2) Grains generally contain 2 to 4 crystallites
interlocked in an allotriomorphic-granular fabric. Boggs
(1968) found that sand-size fractions of comminuted
plutonic rocks contained grains with average crystallite
numbers of 2.2-"3.1 (granite) and 2.4-5.5 (diorite).

(3) Biotite crystallites are occasionally seen
intergrown with the quartz and feldspar.

(4) Micrographic/myrmekitic intergrowths of quartz
and feldspar are present in pre-Silurian plutonic rocks
(see page 329).

The composite feldspar grains (almost entirely
composite plagioclase) are also. classed as plutonic rock
fragments, since they commonly consist -of sand-size
crystallites of feldspar. The plutonic source is, however,
not the only possibility for these grains, since composite
grains could have been derived from composite feldspar
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phenocrysts ~n glomeroporphyritic volcanic rocks. The
volcanic contribution is considered mino~ since glornero-
porphyritic rocks have not been reported as abundant in
pre-Silurian volcanic sequences (Hall, 1964; lIorodyski,
1968; Neuman, 1967). Single feldspar crystals of sand
size may corne from either plutonic or volcanic rocks
(mostly from phenocrysts).

The plutonic source is inferred to be pre-Silurian
quartz diorite or granodiorite intrusives such as the
Rockabema quartz diroi te (see page 329 ). The Rockabema
quartz diorite is the largest known such intrusive, but
Horodyski (1968) reports a small quartz- diorite, with
myrmeki tic texture, near Big rw1achias Lake (Figure 1).

Frenchville Lithofacies Development and Provenance in the
Ashland-Frenchville Area

In" the Ashland-Frenchville area, the Frenchville
Formation has been differentiated into three lithofacies,
corresponding to the gray\vacke, conglomerate, and feldspatbic
sandstone members. As discussed in previous sections
(pages 237 to 240, 198 - 199 , and 340 - 343 ), there are
marked variations in the distributions, thicknesses,
and provenances of these lithofacies, which taken t0gether
appear to form a clastic fan that is proximal to the south.
The origin of ~lis fan and its internal variations are the
subjects of this section.
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The source of the feldspathic sandstone member is
interpreted to be a quartz diorite, like the Rockaberna,
located to the south of Ashland. The felc1spathic gray-
wackes of this member, therefore, represent a marked
change in source (volcanic. to plutonic) from that of
the underlying conglomerate and grayvlacke members. The
scarcity of volcanic debris in the feldspathic sandstone
member suggests that not only did a plutonic source
appear, hut the previous volcanic source was temporarily
terminated. The temporary nature of the scarcity of
volcanic debris is reflected in the abundance of l'7enlockian
conglomerates, in Ashland, containing a winterville suite
of rock types. A possible explanation for the observed
changes in provenance involves the following steps:

(1) The Ashland-Frenchville area \'lassubmerged,
with emergent volcanic terrain (Winterville Formation) to
the near-south shedding coarse detri tus north\'lard. This
coarse detritus, possibly "channelized" by a canyon,
spread out at, or near, the base of a slope, forming a fan.

(2) Later, a quartz diorite-grariodiorite intrusive
was unroofed near the shore, that was then some\'lhatfurther
sou~h and encroaching on the land. Debris from the pluton
entered the'basin and spread out as part of the fan over
the volcanic-rich sands and conglomerates. Admixing of
small amounts of volcanic detritus from the submarine
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slope and volcanic "host" terrane around the pluton ,.,ould
be likely.

(3) The plutonic influence would be eliminated as
a primary source by the eventual submergence of the
pluton as the shoreline advanced south,,,ardor south\"est-
ward. Volcanic terrane from "behind" the submerged pluton
could then supply the conglomerate beds in Ashland, while
offshore to the north (Frenchville area)shales and mangan-
iferous ironstones high in the feldspathic sandstone
member were being deposited.

The above onlap process, possibly up a canyon, could
have produced the known vertical and areal distribution
of the conglomerate and feldspathic sandstone members in
the Frenchville clastic ,,,edge,as sho\'1nin Fig:ure 43B;
this schematic illustration incorporates the north-south
variations in member thickness, 'Vlhichsugges ts that the
site of maximum Frenchville deposition moved southward as
the section devel.oped. During the first phase of con-
glomerate deposition, the site of maximum deposition was
north of Frenchville (approximately at the position of
section C-C', see Plate I)i later, during the deposition
of the feldspathic graywackes, the site was at Frenchville,
and finally, during the last conglomerate deposition the
site was in or near Ashland.
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Frenchville Sedimentation
In general, stratigraphic units rich in sandstones

and conglomerates are complex and quite variable both
vertically and laterally. In addition, modern analogues
are difficult to apply, since modern gravels and coarse
sands are not abundant in marine sediments, and, where
present, are usually in lenticular bodies or thin beds
interlayered with more abundant thinly bedded silt (or
fine sand) and argillaceous sediments. \vhere observed
in the deep ocean, the source and method of transportation
of the coarse detritus is commonly only indirectly known
and often controversial. Coarse sediments on modern
shelves are typically "rela.ct" deposits (Swift, 1969)

and in many cases result from the \'1inno\'1ingand re\\'orking
of Pleistocene sediments. As the result of the difficulty
in developing actualistic models for thick conglomerate
and sandstone sequences, much of \'lhat\ole "kno\'1"about
their origins is based on features we find in them,
application of partial modern analogues, and theoretical
considerations (based at least in part on experimental
work) .

The Frenchville is interpreted to be an offshore
deposit. This interpretation is based on the following:

(1) Many of the sandstones and conglomerates.contain
fragmented brachiopods from t~10 or three of Ziegler's
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(1965) "depth" conun~nities. The" brecciation and mixing
of these marine benthonic faunas indicates that the
detritus was transported down a submarine slope, by some
mechanism, and deposited at depths equal to or greater
than the environment of the most offshore fauna present
(generally the Stricklandia or Clorinda). A. J. Boucot
(personal comnlunication, 1966) pointed out to the writer
that the mixing of these offshore communities, which are
co~nonly spread out over hundreds of miles on the
continental platforms, is substantial indication that
relatively steep slopes were present during Frenchville
deposition; the Frenchville representi one of the few
units so far studied in detail in \Alhichthis rni)~ingcan
be demonstrated.

(2) In the Frenchville area, the Frenchville
Formation conformably overlies. the Aroostook River
Formation/which has features suggestive of ~n offshore
origin.

(3) There is a conspicuous absence of features
indicating deposition or rework~ng in the h~gh-energy
near-shore (inner-shelf) environment (e.g. large-scale
cross-bedding, wave or curient ripple marks, dunes, etc.),
suggesting deposi tion belo\.!\'laVebase (e..bout300 feet)
in an environment \Alherere\vorking does not occur. This
negative evidence is particularly applicable to the
gray\vacke, conglomerate, and feldspathic sandstone
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members; many of the sandstones of the sandstone-slate
member show graded bedding in combinations with small-
scale ripples and parallel lamination, reflecting the
operation of traction processes probably associated with
turbidity-current deposition.

Depth of water during Frenchville sedimentation
cannot be accurately obtained, but minimum estimates
are possible. As discussed on an earlier page, the
Early Silurian brachiopod communities '1ere separated by
tens of feet in depth, and the Stricklandia community
probably did not live in water exceeding 200 feet
(Ziegler, 1965). Evidence indicating the depth of the
Clorinda community is not given by Ziegler, but the com-
munity lived more distant from the strand line than that
of Stricklandia. The general presence of the Stricklandia
community in the Frenchville rocks indicates a minimum
depth of perhaps 100-200 feet; the occurrence of elements
of the Clorinda community in the sandstone-slate member
suggests that the Stricklandia "depth" \'laSexceeded in
basinward phases of the formation. Although the brachio-
pod con~unities place minimum depth constraints on the
environment, the actual depth of sedimentation may have
been greater,and probably exceeded the wave base as
mentioned in (3) above. Assuming a slope of 4.5-5.5

degrees (typical averages for modern slopes off coasts
with young mountains or faulted coasts with narrow
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shelves, as given by Stanley, 1969), a water depth of
1000 feet (300 m) within two miles (3.2 km) or so of the
shore is possible.

If deposition took place in a few hundred feet of
water, then subsidence of the basin is required to.
accumulate approximately 3500 feet (1050 m) of Frenchville
clastiC's. Assuming approximately 8my* for the duration
of the Late Llandoverian-Early Wenlockian time interval,
subsidence and deposition (of lithified sediments) of

15-30 cm/l03 yrs. (.5 to 1.0 foot/l03 yrs) is sufficient
to account for the section.

The implications of the above data and calculations
is that the Frenchville sandstones and conglomerates
accmnulated rapidly while the basin, and possibly the
region as a whole, was undergoing subsidence following
the maximum uplift of the Taconic orogeny. In addition,
it appears that, even though the sandstones and conglomer-
ates were deposited offshore, their deposition was never-
theless relatively close to the sources of the detritus
in agreement with the provenance indications discussed
above.

The gra~vacke, conglomerate, and feldspathic sandstone
.members.have textural and lithologic attributes commonly

*Obtained by using a figure of 25 my (1966 compilation of
the lUGS Subcommittee on geochronology) for the dura-
tion of the Silurian, allo\'ling5 IIaddi tional graptoli te
zones" for the Predol~an, and assigning approxi!\lately 1
my durations to each of the resulting 25 zones.
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found in "••••~nigmatic linear belts and localized wedges
of ancient coarse sediment •••• l1 (Stanley, 1969). These
memeers are characterized by:

(1) a scarcity of pelitic beds;
(2) poorly sorted, well mixed, unstructured sandstones

and conglomerates that are typically thick-bedded. Graded
bedding and parallel lamination, though locally present, are
rare;

(3) both sharp and gradational bedding contacts. Con-
tacts bebveen beds of marked grain-size contrast (shale-
sandstone, fine sandstone-conglomerate) are typically sharp;
however, gradational contacts benleen pebbly sandstones and
conglomerates have been observed;

(4) conglomerates in \'lhichelongate pebbles are
usually oriented parallel to the bedding and may be lIsus-
pended II in a graY\'lackeor, less commonly, peli tic matrix.
Imbrication has not been observed;

(5) a scarcity of sole features.
Sandstone and conglomerate beds such as those found in

the slate-poor phases of the Frenchville have been termed
"fluxoturbidites" (Dzulynski, et al., 1959), 1959), "grain-
flo\.,deposits" (Stauffer, 1967), and "proximal turbidites"
(Halker, 1967). Since these coarse deposits are frequently
found in, or associated \'lith, flysch sequences that are
considered to have been formed offshore in deep water,
several mechanisms have been proposed to explain the
transportation to, and deposition in, deep
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water of such coars~ material (even boulders) (see
Middleton,.1969b, for"a recent review). It is now generally
recognized, that, in theory, a spectrum of transport
mechanisms from slumps through mass flo,,,sto turbidi ty
currents probably exists, and portions of this spect~llm
have been observed both directly and indirectly. A
cornplicating feature of the spectrum is the possibility
that all types of transport, in sequence or simultan-
eously, may be involved in moving unconsolidated materials
(especially granular) to deep \-later. Although the "flux-
oturbidite" facies is generally thought to have developed
due to slump and/or mass-flow transport (Dzulynski, et al.,
1959; Stauffer, 1967), Komar (1970) recently argued on
theoretical grounds that turbidity currents of reasonable
densities and velocities should develop bottom stresses
sufficient to transport pebble-and cobble-size fragments,
but he failed to indicate how such currents would construct
a thick conglomerate layer.

~[1hesands tone-s late member, vlhere \\'ellexposed,
contains abundant features gen~rally 'regarded as typical
of turbidity-current deposition (see Figures 24 and 25 and
discussion of Jemtland Formation sedimentation). The
member is a flysch-type sequence formed mostly of evenly
interlayered slate and graywacke. The grayvlacke beds are
typically graded and may have well developed internal
structures compatible vIi th .Bouma's A-B-C sequence. Coarse
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sandstones and conglomerates are rare and occur near the
interfingering of the member \'li th the conglomerate and
feldspathic sandstone members.

The quartzose sandstone member with its interlayering
of offshore sandstones and slate is postulated to be part
of the same turbidite .regime as the sandstone-slate
member. The unit is not well enough exposed, however, to
determine the relative importance of grading, lamination,
and cross-bedding in the sandstones.

From the above considerations it is concluded that
the Frenchville forms two important facies marginal to
a basin lying mostly to the east: (1) a clastic-wedge
facies composed of massive gra:}"'lackesand conglomerates
(with little slate),which grades eastward into (2) a
turbidite facies with thin- and medium-bedded graywackes
interlayered with slate (and much less limestone). The
two facies may well have developed by the prograding and
coalescing of submarine fans along the base of a relatively
steep slop~ with the clastic-wedge facies forming the
inner or proximal portion, and the turbidite facies com-
prising the outer or distal phase (Figure 43). This
facies distribution is roughly analogous to much larger-
scale modern fans at ti1e mouths of most submarine canyons
(Griggs and Kulrn, 1970; Normark and Piper, 1969; Stanley,
1969). The Frenchville facies in general contains a
higher proportion of conglo~erate and medium to coarse
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sandstone ~an commonly found in modern fan complexes,
but this is to be expected in view of the proximity of
the Frenchville to its source areas and the scarcity of
vegetation on tl1eSilurian land areas.
New Sweden Sedimentation

Basin\vard from the slate-rich facies of the French-
ville Formation was a regime of calcareous slate deposition
embodied in the Ne,v Sweden Formation. Aphanitic limestone
(generally argillaceous) developed in lenses and thin

beds as a minor lithotope •. Variably in time and space,
restricted areas of thinly bedded iron- and manganese-rich
sedimentation formed which resulted in the quasi-lenticular
ironstone horizons present in the New Sweden. As pointed
out by Pavlides (19G8), this fine-grained, offshore facies
represents an increased influx of terrigenous sediment
into a basin which had previously been the site of

.abundant limestone accumulation (Carys Mills Formation).
Graptolite zone 19 appears to have been the time interval
when this change in sedimentation occurred.

During the earlier part of New Sweden sedimentation
(zones 19 to 22?), the facies had a probable lateral
equivalent, to the west, in the gra~vacke member of the
Frenchville and may have been largely separated from it
by a submarine area of nondeposition (ridge?) (Castle
Hill Anticline area). This correlation is tentative,
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considering tJ1at no paleontologic c1E.lti1arc i1vClilable for

fJ.1hc upper part of the UC"\'1 S\'lcdcn (perh2Ps GO percent

in the Perham arc,,-) is COCVul \-!i 1:h the bulk. of the coarse

clastics of the Frencllville, and most of the ironstone
horizons occur in this pOJ.:-tion.l~long the eaS1: flank of

the Castle Hill Anticline the facies has onlapped the

submarine area of nondeposition and is zone 22 (C3) and

younger in age, and is entirely a F'rcnc:.hvillc equivalent.

During late stages of its development, the 1-JC'i,.r S\\Teden

facies spread east'-,.,ard over sediments of the Sprngueville

(Figure 43A-3) ..
The sandstone and conglOf:leratcbeds that ure present

sparsely in the '\':estc:::-n and upper portion of the formation

have the saIne mineralogy and provenance as those in th(~

Frenchville (Table 14; Figure 46) and probably represent

local extensions of sand tra.nsport into the dominantly

argillaceous regime. The source of the pelitic material

in the Ncvl S\veden (and Frenchville, for that ma"ttcr) has

not been deter~ined but is probably largely Ordovician

slate, \.,i th a secondary contribution from' the \'leatbering

of volcanic rocks.

The depth of water during New Sweden deposition can-

not be \'lell established except to say that the Clorinda

community is present at locality 46. Locality 46 is in

the upper part of the for~ation west of Washburn; and the
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.fossils came from the base of a graded bcd, suggesting
that theY~,';\'lere,transport:ed.

'rhe manganiferoJ.,lsironstones have provenance impli-
cations and have been used as indicators of the geochern~ca1
and sedimentological p'aleoenvironment. Bothl'li11er (1947)
and Pav1ides (1962) have sug~estcd, the weathering of vol-
canic terrane as the source of the iron and manganese, but
they \-lerenot able to specify the source areas. It is
now clea~ that the Ordovician volcanic rocks~ that supplied
much of the'detritus of the Frenchville sandstones! were
also the source of the iron and manganese. \\lhitc (1943)
postulated ti1~t the ironstone lenses formed in shallow
water, offshore, but Miller (1947)' and Pavlides (1962)
favored more restricted basins, perhaps lagoons or
es tuaries. ,The facies in~ormation no~.., available, together

'with the brachiopod community data/indicat~that lagoonal
or estuarme environments are unlil:ely analogues for the,
deposition sites, and l1hite's offshore inference is more
likely. The depth of water was probably great enough to
have exceeded wave base, so that fine lamination in both
the ironstones and the calcareous slates of the Ne"l

Sweden were not disrupted. The'restricted nattire of each
lens of ironstone (and its associated red and green slates)
points ,toward deposition in local udeeps" on the sea floor.
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Spragueville Sedimentation
The Spragueville forms the easternmost lithofaciesthe .

of/Middle Llandoverian-Early Wenlockian ba~in. The paleo-
geographic implications of this apparently extensive
sequence are poorly understood/because its facies relations
to the northeast, east, and southeast in both I.1aine and
NevI Brunswick have not been vlorked out.

Pavlides (1968, Plate 1) presents the results of
reconnaissance mapping in ,,,esternHelllBruns\"ick, '-There
he finds rocks similar to the Smyrna Mills Formation
(lrn~er-upper Silurian) and the Jemtlarid Formation over-
lying or in fault contact ,~ith the Carys 11ills. Much of
the Smyrna Hills is lithologically similar to the New
Sweden, including the presence of ironstone horizons.,
and its Ludlovian phase contains rocks closely resembling
tile Jemtland (L. Pavlides, field conference, 1965); thus
the possibility exists that the Spragueville interfingers
eastvlard with a NevT S\'leden-Smyrna Hills type facies.
Pavlides (1968) also reports an apparent tllinning of the
Spragueville to the south along the east flank of the
Chapman Syncline west of Westfield, Maine (Pavlides,
1968, Plate 1). Pavlides maps the upper member of the
Perham Formation (Jemtland of this report) as overlying
the Carys Mills directly but does not discuss the rela-
tionship.

During its early history the Spragueville in the
Presque Isle-Mapleton area extended as far west as the
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Castle Hill to\'1nship. Later, perhaps in the ..la-test

Llandoverian-Early \'Jenlockian, this Hcstern Srra~fucville

was overlapped by tile New S0cden slates as shown in
Figure 43A. This orilap is. ti10ught to have resulted from
a'gradual deepening of the basin.

The Spragueville contains representatives of the

Clorinda communi ty at locality 106 as ~..lell as graptoli tes

at locality 107, both of \'7hichindicate an offshore site

of deposition; the preservation of delicate "banding"
in the pelitic laminae is again consistent \',d.th rela.tively
deep water. The bottom waters appear to have been
aerated, in view of the abundant evidence of burro\ving
by benthonic animals and biogenic carbonate detri tus in

the thin carbonate laminae.
The origin of the thin layering of .the Spragueville

and the silty ch~racter of its pelitic beds are difficult
to explain tvith currently available data. The micro--
layering of the pelitic laminae suggest episodic deposition
of silty clay. The carbonate-rich laminae may reflect
periodically increased biogenic debris. The source of

ti1e silt-. and sand-size noncarbonatc fractions in many
of t.he limestones is hard to reconcile vli th their apparent
position in the center of tile basin; it may be that this

clastic material was derived from thG south or northeast
from localized shallow platforms in the basin.
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LATE WENLOCKlAN-LUDLOVIAN SEDIMENTATION AND PALEOGEOGRAPHY

General
During the JJate vlenlockian there \"as an abrupt change

in sedimentation over most of the study area, in which
the diverse facies pattern of the Early Siiurian gave way
to the more uniform Jemtl~nd Formation (Figure 43 A-4, B).
This -transition appears to have been more or less synchronous
_everyvlhere, although it may have occurred a little earlier
in the \'lestthan in the more central part of the basin.
The overall reduction in average grain size that resulted
f~om the change (particularly from the Frenchville) and

.the turbidite characteristics of the Jemtland are indi-
cative of the more offshore and possibly deeper character
of the basin during this part of the Silurian. The
Jemtland phase of deposition persisted into the zone 33-
34 span of the Ludlovian and lasted perhaps 576 my.

The Jemtland was follo\'lec1by the slate..;..richFogelin.
Hill Formation, \'1hichhas thus far been found only
along the axis of the Stockholm Mountain Syncline. The
Fogelin IIill represents sedimentation from the Early
Ludlovian to possibly as late as the Siegennian of the
Early Devonian. The apparent absence of this unit in
the Presque Isle quadrangle beb'lcen the Jemtland and the
volcanics of the Dockendorff Group (Early Devonian) is
significant, and suggests that no Fogelin Hill deposition
occurred there, or. that the'.unit \"as removed by pre-r,1iddle
Helderbergian erosion (considered less likely); thus the
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Salinic disturbanc~ (latest Silurian-earliest Devonian)
postulated for the Presque Is~e area by Boucot, e~ ale

(1964a) is given additional support.
paleogeography and Prove~ance: Jemtland Formation

?aleocurrentdirections, facies distributions, and

lithologic variations indic~te that ele Jcmtland of the

study area was derived from ti)ewest and SOUtll (Figure 41).

The general ,pattern of sediment transport appears to
have been similar to that indicated for_ the Late Ll~ndo-
verian-Early Wenlockian time period, as shown by comparison
of Figures 41 and' 45. The sedimentation features of the
Jemtland discussed beloH, hO~'lever,indicate that emergent
areas supplying the detritus \.;ere more distant than
previously.

The extent of the vlestward movement of the Late
Siluria~ sea is not accurately known, but limestones,
conglomerates, sandstones, p~litic rocks/and volcanic
rocks of Ludlovian-Predolian age are present in the
Fish River-Big Hachias lakes aren (llorodvski.,1968;
see Figure ].) and in the Spider Lake area (Hall, 19611).
These nearshore lithofacies are thought t6 have formed'
marginal to land areas of unknovln extent and olltline;
in the East Branch Group, Hall (1964) found evidence of
local northward transgression" of the Ludlovian s<?a onto
a source terrain.

367



In the Shin Pond area to the south of As11land,Neuman
(1967) has presented evidence for a transgression of the
Silurian sea onto a basicall~ northwestern source area.
°rrhedistributions ofOEarly.through Late Silurian litho-
facies around the \~leeksboro-Lunksoos Lake Anticline ShON
that complicated shorelines ~nd irregular land areas were
probably present during the general westward or north-
westward advance of the sea. It is clear that latest
Silurian and/or earliest Devoniano erosion, together with
original patchy deposition of Late Silurian rocks, must
be considered in assessing the character and ioeation
of Late Silurian shore lines to the owest and southwest
of the study area; for the most part, an understanding
of shore line locations is not possible with present data.

The gra~vackes of the Jemtland indicate that a 0

principal source for the sequence was a volcanic terrane
('l'ab Ie 16), but much of 'the quartz ,vas probab ly deri vedo

• 0

from pre-Silurian plutonic and sedimentary rocks. The
volcanic provenance is particularly evident in roedium-
and coa~se-grC:lined graywacke beds ,(°A intervals) which
may contain 040-50 percent mafic volcanic fragments, °many 0
of which show a trachytic texture suggestive of flow rock~;

The volcanic source for the Jemtland was probably a
combination of the Ordovician l'linterville rocks and con-
temporary volcanics; Ludlovian volcanism is known to have
been an important aspect of the Late Silurian evolution
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along much of the present '-lesternanticlinorium (Hall, 1964).
'£he trachy'tic rock fragments cornmon in the Jemtland gray-
wackes, and of low abundance in the older Silurian gray-
wackes, may have come principally from the erosion of
contemporaneous flovl rocks; however, trachytic rocks have
not been reported as common in Late Silurian volcanics
to the west, \vhich weakens their uniqueness as "principal
source rocks. The stratigraphically localized sections
of aquagene tuff and lithic tuff in the Jemtland, on the
other hand, give unequivocal testimony of concurrent
volcanism marginal to the basin; the distribution of these
tuffs is.consistent with the volcanism occurring to the
\vest.
Jemtland Sedimentation

General. The Jemtland Formation contains most of
the characteristic features of the "flysch" lithofacies
sununarized by Dzulynski and smith (1964) (as cited by
Dzulynski and Walton, 1965, p. 3). The follo\ving
characteristics of the J€mtland are consistent "li th this
lithofacies designation (refer.to Figure 39):

(1) The succession is made up almost entirely of
an a"lternation"of peli te and sandstone (including some
siltstone) beds. There is a thin interlayering of the
three peli tic rock types vli th each other and graY'vacke.

(2) The sandstones are moderately to poorly sorted
and contain appreciable clay-grade material.
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(3) The sandstones shO'~vsharply defined bottom
surfaces commonly covered by sole markings. Top surfaces;,;
may be indistinct/ and transitions (usually rapid) from
sandstone to a pelitic lithology are common.

(4) The sandstones are commonly graded, and fine-
grained sandstones typically show lamination, small-scale
current ripples, and convolute lamination.

(5) Large-scale cross-stratification is absent.
(6) Rapid vertical variation in the composition

of.the sequence, other than' the alternation of rock types,
is absent. Pronounced lateral variations in rock-type
abundances are present in the Jemtland Formation; the
graywacke facies corresponds roughly to "normal" flysch
and the slate facies may be termed "shaly" flysch.
"Sandy" flysch is not present.

(7) The limited paleocurrent data available for the
Jemtland Formation indicate systematic variations of
directional structures.

(8) The Jemtland F~rmation is a marine sequence.
Graptolites are commonly found .in the pelitic beds, and
debris of benthonic organisms, inferred to be displaced,
are recovered from the basal portions of some graded beds
and in rare limestone breccias. Benthonic forms, whose
displaced nature is less certain, have been found at
localities 59 and 101.
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(9) Volcanic flow rocks are m)sent; devitrificd tuff
and lithic tuff are present'btitare minor in abundance.

(lO)No features of subaerial environments are present.
(11) The Jemtland rests with gradational contacts on

older rock units.
None of the slump deposits, pebbly mudstones, pebbly

sand~tones, or exotic blocks: thnt have been found in some
flysch (\vildflysch) successions have been seen in the
Jemtland.

since the \vo;rkof Keunen and 1.1igliorini (1950) the
concept of turbidity-current deposition has dominated the
sedimentological interpretation of flysch ~equences. Con-

r. . •currently, sands ~n recent deep-sea sed1ments have been
inferred t9 have similar origins. Theoretical and

.experimental studies have.~alidated th~ concept in its
broa~~outline. A persistent problem in the assessment of
turbid~tes has .been the'establishmentofattributes of
a deposit that uniquely point to a turbidity-current origin
as contrasted ,.,ith associated, but genetically nonunique,
features (Bouma, 1964). As pointed out by Van Der Lingen
(1969), -there has- been much. doqmatism and some circular
argumentation involved in attempts to formulate these
criteria for recognition, and almost every study of flysch
or modern marine sed~ments containing sandy beds gives new
features, new arrangements of old features, and/or clever
arguments explaining the absence of particular features.
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The flexibility of .the turbidity-current hypothesis,
caused in part by the'lack of direct studies (obviously
very difficult) of such currents in their natural habitat
(or well-scaled experiments) followed by examinations of
the resulting deposi ts, makes ita pO\'1erfulsedimentological
model for many "first-order" features of interbedded
sandstone-shale sequences, but also causes indeterminancy
in detail.

As pointed out by Kuenen (1964), no compositional or
sedimentological features have been established as unique
to turbidites (individual beds), but a wealth of indirect
and circumstantial evidence can be derived from a suc-
cession \vhich strongly suggests that sediment transport
by turbidity currents was genetically important. In the
case of the Jemtland Formation the follrnving characteristics
may be ci ted:

(1) The sequence ShO"IS no evidence o:e transportation
and deposition in a high-energy environment expected in
fluvial, littoral, shallow shelf, or proximal delta
environments. Such features as winnowed sa~dstones,
wave ripples, beach and dune structures, channel deposits 1

reefs, etc., are absent. The preservation of delicate
lamination is also consistent with quiet-water deposition.

(2) Graded bedding is a common feature of the gray-
wacke beds. Experimental turbidites generally contain
graded beds (Kuencn and Migliorini~ 1950), and theoretical
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arguments indicate that grading is an expected, though
not a necessary, c:Jevelopmentin deposits from turbidity
flows (Walker, 1965; Middleton, 1969a).

(3) Ripple-drift cross-lamination indicative of
sediment "fall-out" during ripple formation ({-Talker,
1965, 1967) is common in rippled intervals (C) of the
graywacke beds.

(4) The presence of benthonic fauna in the basal
portions of some grayvlacke beds (especially "A" intervals)
and pelagic fauna (graptolites) in the pelitic beds
indicates transport of the coarse clastics into an
offshore regime.

Establishing the proportions of the sequence that
resulted.from turbidity-current deposition, as opposed
to other independent processes, such as "pelagic" sedi-
mentation, has been another.area of controversy. The
sandstone beds, with one or more of the intervals A, B,
and C, are attributed by most authors to turl)idity-
current deposition. Pelitic layers which commonly form
over half the section have been variably treated; Bouma
(1962), for example, apparently included pelite. layers in
some intervals of current ripple lamination (refer to his
Plates B-4, C-5, C-6, and D-l) as well as in the D and E
intervals. Descriptions by subsequent authors indicate
that pelitic beds were placed only in the D and E intervals
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or were assigned to a generalized "interturbidite"
category.

Deposi tion of the Grayvlacke Beds. The graywacke be~s
of the Jemt1and are int~rpreted to have been deposited
from turbi~ity currents •. As discussed in great detail by
Harms and Fahnestock (1964), tvalker (1965),° and Allen (1970),
the development of the A, B, and C intervals is consistent
with deposition by a waning current which passes from the
high flow regime (intervals A and B) to the low flow
regime (interval C). The flow regime ,theory for the origin
of the vertically ordered intervals in the grayvlacke beds
is based on abundant empirical data on the development
of bed forms in alluvial channels (Simons and Richardson,
1961). Several authors have pointed to the absence of
certain bed forms (dunes, standing waves, and antidunes)
that should be expected but are almost never observed.

°A number of arguments have been presented to explain the
missing bed forms (see Allen, 1970, for a recent review),
and their absence is not considered camaging to the overall
f10\'1regime co"ncept.

The areal variations in gray\"acke beds beginning v7ith
int.eorvalsA, B, or C conform to the pattern expected from
recent models of turbidity-current deposition (Bouma, 1962;
Dzulynski, et al., 1959; Walker, 1965, 1967). The general
expectation is that beds beginning ,.,ith higher flov1 regimes
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were deposited more "proximally'" with respect to the
current so~rce than those sho\ving features characteristic
of lower regimes (\1alker, 1967). Since a given section
(e.g •.those shown in Figures 39 and 40) contains turbidites
beginning with each interval, it is clear that a given
position in the basin (represented by ~ section) varied
in its "proximality," since it was receiving deposition
from separate currents moving in all flrnv regimes. The

.flow regime of an individual current as it began its
deposition at a point in the basin depends on the dis-
tance of that point from the source, the amount (density)
and size distribution of the sediment.in the current, as
well as tile bottom. topography. The distribution of
maximunflow regimes represented in a given section results,
therefore, from a complicated interaction of these variables;
hO\vever, it is reasonable to suppose that the "average"
or characteristic flow regime in the basin should decline
with distance from the source (Na1ker, 1967). In Figure 47,
the relative abundance of gra~lacke beds beginning with
intervals A, B, or C in each Jemt1and section studied in
detail is plotted on a triangular diagram (data in Table 17).
sections 1-5 .from north of the lati tude of \'lashburn (Figure 53)
show a nearly systematic downcurrent (easnlard) decrease in
beds with basal A intervals and an increase in beds with
basal B intervals; these variations are consistent with the
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Figure 47: Relative abundances of graywacke beds beginning
with intervals A, B, and C in sections of the Jemtlana
Forma tion. DOltlnCUrrent decrease in beds beginning wi th A .
intervals and concurrent increase in beds with basal n
intervals, shown by the solid line, characterizes sections
1-5 in the formation north of the la~itude of Washburn
(see Figure 41 for the locations of the sections and
paleocurren t data). The dashed arrO\'ltraces the expected
trend in more distal parts of a turbidite sequence.
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predicted tendency for lO\'lerflo~.,regime dcposi ts to
increase in importance basin~',a.rd.

Sections 6 and 7 are from south of v7ashburn, ,.,here
tl1e formation appears to have a southern source, and
sectio~ -6 appears to b'e more basin\vard than section 7 I

-based on slate content~(Figure 41). As dis~ussed previ-
ously, section 6 contains massive fine sandstone beds
'vhich do D0i;- sho\.,lamination in the field, and hence the
exposure. appears to contain an abundant ..A interval popu-
lation. Section 7 presents only 6.2 m of the sequencie
and is probably not representative of the Jemtland
section at that' point.

Very distal :turbidite sequences ~.,ouldbe expected to
contain a dominance of gra~"acke beds beginning with C
intervals over those beqinning wi~1 either A or B intervals
(\t?alker;1967). t~liththe exception of section 7, ,.,hichis
conside;re'<;1unrepresentative y.rith respect to grayHacke beds,
beds with basal C intervals are never dominant in the
Jemtland Formation. At least bvo reasons (not mutually
exclusive) for this may be offered:

(1)' Very distal parts of the Jemtland are not
present in the. study area and are to be found farther to
the east.

(2) The grain size of the sediment in most of the
turbidity currents was sufficiently fine or poorly sorted
to cause the plane bed form (D interval) to continue to
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develop at very l('l'!-flo\v pOvlers (regime) as predicted by
. .

Allen (1970, Figure 4).
Deposition of the Pelitic Rock Types. The origin of

the pelitic rock types has not been definitely established.
The inclusion of argillaceous material as matrix and
IImuddy II laminations in the grayvlacke beds and the grada-
tion of graywacke into pelite indicates that the turbidity
currents \vhich formed the gray\'Jackebeds carried clay
and fine silt-size components. "The statistical analyses
of the exposures, hOvlever, do not st1pport the exi stence
of a preferred ordering of the argillaceous rocks, as
might be inferred from lith9logic correlations with Bouma's
(1962) model. The tendency for the gray\vacke beds to be
follo\ved by ei ther silty shale or slate depending on which
is the more abundant in the section suggests that these
two rock types \vere formed independen tly of the gray\"acke
beds and constitute the "normal" basinal sediment; this
fine-grained material might have moved offshore, more" or
less continuously or in pulses, by mechanisms such as
diffuse nephe10id layers (Ewing and Thorndike, 1965),
dispersing surface \-ledges (overflo\'lsof sediment-laden
fresh \'1aters), or flo\ving turb ic1.~ayers (Hoare, 1970).

If the bulk of the pelitic beds of the Jemtland
represent transport and deposition tmre1ated to the
currents that deposited the gra~1acke layers, then some
p~ocess of separation of sand- and coarse silt-size
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particles from most of the fine silt and clay must have
been operating in the. source area. Moore (1970) has
proposed the following phases or types of transport from
source terrain to offshore basins (southern California
borderland) which results in this separation:

(1) Fluvial mixed (bedload and suspension) transport
from source to strand line.

(2) Separation of sand and argillaceous material •
.Sand deposited near shore (generally as a bar) with clay

and silt floating seaward (overflow) and depositing on
the outer shelf.

(3) Transport and deposition of.sand involving
longshore, canyon, and distributary transport. Canyon
and distributary transportation includes slump, sand-flo,~,
and turbidity-current processes.

(4) Transport and deposition of the argillaceous
material. This includes bO~1 turbid-layer and suspension
(nepheloid) transport, largely to the heads or walls of
canyons and gullies.

(5) Mixed marine transport. Movement of silt and
clay to the basin via canyons and gullies as turbid
layers and small-scale, dilute turbidity-current flows.

Moore concludes that these processes operate together
to fill the offshore basins and to effect a general
separation in the transport of clay- and sand-rich materials.
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The turbid and neph210id layers, only recently

recognized, are poorly underst'ood, and the mechanics

of their motions togetJ.1.er ';li th the characteristics of

their deposits ,are largely unknown. Moore (1970),

however, postulates that
1I •••• if the turbid layer is of a significant size,
it ~ay develop into a lo't'!-velocity,10't'l-density
turbidity current moving solely by gravity flow.
The thin, relatively slo\'1moving turbidity current
is not sufficiently erosive to attack the canyon
rock walls or even the softer strata of the fan
and channel walls, nor does it have tl1eener~J to

Itransport tests of foraminifera to deep water.
The currel)"Cdoes not fol10v7 the pre-existing dis-
tributary system of canyon, fan, or, apron valley
'and channels, and may flo\.;to its distal ends
to spread \videly as a very thin layer over parts of
the basin plain. The current is so slow that
first the silt and then the flocculated clay is
gradually dropped, causing progressive loss of
density and motive force 'so that it may be
expended before reaching,the far parts of the
basin. Graded bedding should not result
because of the thinness of the layer and the
lack of coarse components. As this type of
turbidity current has a continuing su~ply of
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lutum and. is of very low density, it is analogous
to those of glacial lakes •.•••, and lamination may
resul t from the individual long-period flo\'1s."

such flows or lutite-bearing currents would produce
a layer which is silt-rich proximally and clay rich distally,
and since their movement is controlled by bottom topography
(largely), they would probably move in the same general
direction~ as turbidity currents carrying predominantly
sand-size material. In the case of the Jemtland, the
proximal predominance of silty shale and the distal
abundance of slate (fine pelite), as shown in Figure 41,
can be explained in terms of turbid~layer/di1ute-
turbidity-current transport of the lutitic materials.
Lack of textural variation (e.g. grading) or color dif-
ferences ~lould make distinction of indiviaua1 micro-
deposits in a pelitic bed ,very difficult, if not impossible;
therefore, relatively B1ick silty shale or slate beds
need not be regarded as individual deposits.

The distinctive laminated si1 ty shale does not sho\'1
any preferred Iithologic associations in the \.ie:mtland
section. Though slightly coarser, it is comparable to
the nonlaminated silty shale in grain size. Beds of thin
rock type do not appear to be postdepositional alterations
of another pelitic rock type, since "unaltered" portions
have not been observed and the well-preserved graptolites
(locally oriented) suggest that it.is a primary deposit.
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It may represent the deposit of a faster moving lutitic
turbidi ty current or turbid layer, \'lhichduring the

.deposition was able to segregate the ~ilt faction as
discrete and discontinuous laminae (a few grains thick).

Rate of Sedimentation. Rates of sedimentation for.
flysch successions are rarely possible to derive. In ele
case of the Jemt1and, it is possible to give a rough
estimate of the rate of accumulation of its lithified
section. If the duration of the Late ~len1ockian-Early
Ludlovian is taken to be 5-6 my (see footnote, page 357),
insubstantial agreement with an estimate by Naylor and
Boucot (1965), the 760 m (2500 feet) of section formed
at approximately 12-15 cm/l03 yrs. This rate is compatible,
considering compaction, with the accumulation of sediment
(including turbidites) in the Tyrrhenian Abyssal Plain
determined by Ryan, et ale (1965), and a rate of 5-180 cm/
103 yrs found in the basins off southern California by
Emery and Bray (1962).
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Fogelin Hill Sedimentation
-The interlayering of g~een and red silty pelite

(slate) with fine calcareous graywacke beds charicterizes
the Fogelin IIill. The essentially fine-grained and even-
bedded nature of the section suggests that the offshore
environment of the" Jemtland persisted through the Fogclin
Hill, ~ut the marked change in. the rock t~pes indicates
significant modifications in the sedimentation.

The appearance of red and green slates in the Fogelin
Hill and their absence in' the Jemtland presents something
of a problem. It is not clear, for example, whether
argillaceous sediment of ~ed, greEfl,or both colors were
deposited; since the color differentiation does not appear
to be universally stratiform, it is quite possible that
the pelitic material \-lasoriginally either red or green
and that portions of the sediment ,,,eresubsequently altered.
Thompson (1970), in a study of a nonstratified color
variation in red and drab sandstones 6f the Juniata and
Bald Eagle formations (Ordovician), found that the section
was originally redi post-burial circulation of "ground
\V'aters"of low Eh and pH reduced the hematite and caused
the formation 6f diagenetic chlorite, \-lhichincorporated
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newly available ferrous iron. Friend (1966) has also
proposed this diagenesis to explain similar color altera-
tions in some of the Catskill redbeds. If the Fogelin
Hill slates were originally red (or reddish) and sw)se-
quently altered to green ~n a manner akin to that sugg~sted
for other sequences by Thompson and Friend, then an
important question is raised: do the red slates represent
the influx of a new type (relative to the Jemtland) of
argillaceous material, or had tl1e environment of the
basin changed to allow the preservation of hematite
\'lhichprevious ly had been completely reduced?

The answer to this question and the paragenesis of
the color ~lteration requires an understanding of the
geochemical history of the Silurian basin which is
beyond the scope of the present study. However, except
for the red slates and ironstones of the Ne\.,S\'1edenand
Frenchville formations briefly discussed on a previous
page, iron in the pre-Fogelin Hill is largely in the
reduced slate in silicate minerals (mostly chlorite)
and carbonate phases (probably as ankerite). The origin
of the iron in the Silurian' section is undoubtedly the
weathering of Ordovician volcanic rocks (with some con-
tributions from contemporary Silurian 'volcanics), and the
occurrence of red b~ds in the Fogelin Hill probably
represents a changing basin environment, perhaps more
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open, ""ilichallowed the hematite to be staole until
burial when partial reduction occurred.

Aside from differences in color, the pelitic beds of
the Fogelin Hill do not show the distinctive textural
variations of those in the Jcmtland. Since the three
pelitic rock types of the Jemtland are well developed
only in. the proximal graywacke facies, the more uniform
character of the Fogelin Hill pelite may reflect a
distal regime of sedimentation; the vertical transition
from the graywacke facies of the Jemtland to the Fogelin
Hill in the Stockholm Mountain Syncline is a possible
indication of continued dC'epening of the basin and
westward retreat of the strand line.

The fine-grained, generally parallel-lamiDa~ed
sandstone beds are inferred to be the products of
.turbidity-current deposition. The prevalence of parallel
lamination suggests that the Fogelin Hill turbidites
represent a more distal environment than that of the
underlying Jemtland. The directions of sediment transport
in the Fogelin Hill have not been determined, but primary
derivation from a westerly (and southwesterly?) direction
is probable.

The absence of the Fogelin Hill in the Presque Isle
quadrangle is indicative of nondeposition or erosion
there during this period. Unequivocal evidence of erosion
is lacking, but the pebbly mudstone containing clasts of
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the Jemtland and re'vorked (?) Early Silurian fauna east
of Ashland may be a product .of such erosion. The presence
of Late Silurian volcanics, temporally equivalent to the
Fogelin Hill, in ~~e Presque Isle quadrangle (particularly
in its southern portion) cannot be completely ruled out,
but present information indicates that the volcanics of
the Chapman Syncline (Dockendorff Group) are probably
entirely lower Devonian (Doucot, et al., 1964a).

SILURIAN-DEVONIAN TRANSITION
The regional transition from the Silurian to the

Devonian is little understood, but appears to be areally
variable. In the Presque Isle and Ashland quadrangles a
nonsequence involving the absence of upper Ludlovian and
lower Gedinnian rocks and structural conformity =uggest
a disconformity bebveen the two systems. This same non-
sequence is also present to the west and south"lest of the
study area (Hall, 1964; Horodyski, 1968; and Hencher,
unpublished data). The possibility of Early Devonian
graptolites in the stratigraphically coherent Fogelin
Hill Formation of the Stockholm Hountai.n Syncline suggests
the:presence of a gradational transition in that area, but
this cannot be proven until more definitive paleontologic
data is available.
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APPENDIX
NOlttheastern Aroostook County Naine has proven to be

one of the most fossiliferous regions in the New England
Appalachians. The fossiliferous nature of many of the
more accessible natural and man-made exposures in large
measure stimulated much of the previous work in the area
("lilliamsand Gregory, 1900; Tv/enhofel, 1941, Boucot,
at al., 1964). The abundant paleontologic data has pro-
vided the control required to make reliable stratigraphic
correlations possible in this study.

In this appendix the v~iter has attempted to bring
together information on all Ordovician and Silurian
fossil localities in the region shown in Figure I and all
Devonian localities in the area of Figure 4- This
summary includes localities that have been found and
collected by the writer and other members of the M. I. T.
research group, and localities for which published infor-
mation exists. This compilation does not include
primarily paleobotanical localities, and no attempt has
been made to list exposures where only traces of
fossiliferous material have been observed. Sampling by
more recent workers has in many cases duplicated that of
the .earliest workers (Hitchcock, 1861; Williams and
Gregory~ 1900; Twenhofel, 1941; Olaf Nylander, privately
published data). Many of the locality descriptions given
in these early papers are not sufficient to uniquely
establish the outcrop from which collections were made,
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but where possible the writer has referenced probable
duplications.

A number of paleontologists have provided fossil
lists and given age assignments on these collections.
Collections from the M. I .• T. group have been submitted
as follows:

Paleontologists
Arthur J. Boucot
William B. N. Berry
William A. Oliver
Robert B. Neuman
Gilbert Klapper
Carl B. Rexroad
John \-[. Huddle
Jean M. Berdan
James M. Schopf
Henry N. Andrews
James c. BrOHer

Material
Siluro-Devonian Shelly fossils
Graptolites
Corals
Ordovician Shelly fossils
Silurian Conodonts
Silurian Conodonts
Siluro-Devonian Conodonts
Ostre.cods
Plants
Plants
Crinoids

These workers .have been of great help to the writer and
others working in the region; they have processed col-
lections with remarkable speed and, in cases of more than
one type of fossil in an outcrop, have confirmed one
another. Their success is made even more substantial
\orhenit is noted that many of the collections contain
fragmentary and poorly preserved material. All of the
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above have engaged the author in stimulating disc~ssions
(both written and oral) on the regional aspects of the
paleontologic information.

Ordovician and Silurian age assignments based upon
brachioDods have in most cases been referred to the... .
standard British section for these.systems since the
faunas found in these collections are generally more
closely comparable to those in Euro~than those in the
American Standard Section (Boucot, et a1., 1964;
Pavlides and Berry, 1966; Neuman, 1963). Silurian
graptolite assemblages are similarly referred to the
British section using the zonation established by Elles
and Wood (1901) and Davis (1961) (Pavlides and Berry,
1966). Ordo~ician graptolites are ,zoned according to a
sequence established by Berry (1960b)for the MRrathon
region of Texas. Both the British and the American
Standard sections have been used by the paleontologists
in age assignments involving coral, ostracod, conodont
and crinoid assemblages. Pavlides, et ale (1968) may be
consulted for-a recent correlation of the.British and
American sections; lettered subdivisions of the Llandovery
Series (British) are brachiopodal substages established
by Williams (1951) and used extensiveiy by Boucot.

In general the.persons responsible for making col-
lections ~rom exposures studied by members of the M. I. T.
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group are indicated by the prefix to the field number,
as f'ollows:

EM Prof. Ely Mencher
DR David C. Roy
SH Stanley A. Heath
LW Gary Laux' and Richard \-1ar1ner
HN Hamilton L. Hayes and I1ihranR. Nalbandian
MR Ely Mencher and David C. Roy
RH Robe~t Horodyski
TH Terrence Hamilton-Smith
CL T. D. Coskren and M. R. Lluria
PF William M. Pet~rson and Jeffrey L. Friedberg
TF J. T. Parr and T •.Zidle
Each fossil locality is assigned a number that.is

used to,identify it in this report. Those localities
outside of the area of Plate 1 are indicated. M. I. T.
field numbers are given if they have been established
for the locality; in addition, locality designations of
previous workers are indicated parenthetically. U. S.
National MuseQm (USNM) and U. S. Geological Survey (USGS)
numbers assigned to the collections are presented where
knoWn by the writer.
Note: References to Boucot, et ale (1964) in this
appendix are cited as Boucot, et al. (1964a) in the
body of'this report and in the list of references.
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ORDOVICIAN
Winterville Formation

Locality: 1; Field Number: DR 1539 (USNM 13030
Location: Ashland Quadrangle; Ashland Township;

DR 1539 is located in the basement excavation for a
house built by Mr. Carlton Jimmo in Ashland. The
strata producing the graptolites and shelly fauna
are no longer exposed. Mr. Jimmo's house is
located 0.2 miles due north of a point on Route 227
(Exchange street in Ashland) 0.4 miles east of the
intersection of Routes 227 and 11 in Ashland.

Note: The excavation from which 'the collections were
made exposed an unconformable contact between the
Frenchville Formation (Silurian) and the Hinterville
Formation (Ordovician). The details of this expo-
sure,are related eJ"seHhere in this Hork (page 183 ).
Collections were made by the author from:

A. Frenchville Formation (shelly)
B. Pebbly mudstone immediately below the

contact (shelly)
C. Black, pyritiferous slate beloH the pebbly

mudstone (graptolitic)
Collections A and B were sent to Boucot and
collection C was studied by Berry. No identifiable
fossils were obtained by Boucot from collections in
the Frenchville Forms.tion; the pebbly mudstone
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yielded abundant material which was studied by
Boucot and subsequently by Neuman. The author
granted permission for the results of these col-
lections to be included in regional syntheses by
Pavlides, et al., 1968 (p. 73, 74) and Neuman,
1968 (p. 44 and 45). Fossils and age information
below come from these published accounts and per-
sonal communications.

Fossils: Berry (letter of February 15, 1967)
Identified the following graptolites:
Glyptograptus sp.; Hal10graptus ?; biserial
scardent form; dicellograptid fragment.
Neuman (1968) listed the following brachiopods:

.Skenidioides sp.; Horderleyel1a sp. ?; Hirnantia sp.;
undetermined ente1etacean; Leptaena sp.;
Crypothyrella Spe; P1ectothyrel1a sp.:
Boucot (letter of October ~7, 1966) identified the
following fauna:
Plectambonjtids; Christiania s~; unidentified
brachiopods; corals; Plectothyrella sp.;
Cryptothyrella sp.; Streptis sp.; Lsptaena
"rhomboidalis"; Skenidioides sp.; gastropods;
Strophomenacean; dalmanellids .(including Hirantia).

Age: Berry places the graptolite assemblage in the
time span of zone 12 to zone 15 (in Ne~man, 1968).
Neuman (1968) provisionally assigned the brachiopods
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to the Ashgillian, but the assemblage n ••• may be
of early Llandovery rather than Ashgill age. Dis-
crimination between these is difficult (Boucot and
Johnson, 1964, p. 2), but the Ashland collections
(DR 1539) lack the genera most indicative of a
Silurian age, •••" Boucot assigns an Ashgillian
age ".....indicated by the presence of Christiania
in combination with items like (Cryptothyrella and
Plectothyrella." In Pavlides, et a1. (1969),
Boucot also points to a possible but less likely
Early Silurian age. Considering all of the above
age assignments (graptolite and brachiopod), the
strata beneath the unconformity at DR 1539 are
most probably of Ashgillian age.

Locality: 2; Field Number: EM 995
Location: Portage Quadrangle; T14N R5w;

EM 995 is a locality at the end of a small lumber
II

road, 0.7 miles east of Nigger Brook and 1 mile
north of the Center Line Tote Road, on the 860 ft.
contour.

Fossils: Berry (letter of December 17, 1965) has
identifi~d the follo~ing.graptolites:
Corynoides calicularis Nicholson: Corynoides comma
Ruedemann.

Age: Late Middle Ordovician; in span of Climacograptus
bi~ornis-Orthograptus truncatus intermedius zones
(zones 12-13).
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Locality: 3j Field Number: DR 28
Locat~on: AshlaDd Quadranglej TIIN R4Wj

DR 28 is in an old gravel quarry just off Route 163
at a poin~ 5.1 miles east of the intersection of
Routes 163 and 11 in Ashland. This locality was
found by Forbes and has been described by Neuman
(1963, 1968).

Fossils: Neuman (1969) reported the following
fossils:
Brachiopods--Cyrtonole11a sp.j glyptorthis sp.j
Nicolella cr. N. actoniae (Sowerby)j Triplecia cf.
!. insularis (Eichwald)j Chonetoldea sp.j Christiania
sp.j Diambonia sp.; Leptaena sp.; Ptychoglyptus sp.j
Sampo cf. s. indentata Spjeldnaesj Sampo sp.;
Boreadorthis sp.; Chaulistomella sp.; Skenidoides sp.;
Howellites sp.j Oxoplecia sp.j Catazyga sp.j Lep-
tellina sp.j Eoplectodonta sp.
Corals--Catenipora sp.; unidentified rugose and tab-
ulate corals.
Graptolite--Amplexograptus sp. (identified by Berry).

Age: Neuman (1963) assesses the age as folloHs:
"Several of these fossils have not been seen before
i~ the United States, although some of them have
long been known in Great Britain and Europe. The
Nicolella is very similar to a species of Caradocian
age from Estonia (Cooper, 1956, pl. 39E), the
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Triplecia to one from the Caradoc Sandstone in
Wales (Hall and Clarke, 1892, pl. llC, fig. 21),
and the strophomenoid suite to that of the 4b
stage in the Oslo region, Norway (Spjeldnaes,
1957). Species similar to the Maine forms of
Christiania, Diambonia, and Glyptorthis also
occur in the lower Ardmillian Series in the Girvan
District, Scotland (Williams, 1962). Williams
(1962, p. 61) correlated the lower Ardmillian with
the Wilderness stage of Cooper (1956), and Berry
(1960b, p. 100-101) considered the 4b stage of the
Norwegian succession equivalent to the ~ilderness
and Trenton stages of Cooper (1956). The rocks of
the gravel pit, therefore, were probably deposited
during this interval.1t The later listing by
Neuman (1968) revises and supplements his 1963
listing but his assessment of the age is the same.

Locality: 4; Field Number: EM 31 (CL 127)
Location: 1~intervilleQuadrangle; Tll!.NR7Wj

EM 31 i~ a locality originally found by Neuman and
Forbes. The exposure' is on the hillside just north
of the lumber road from Nixon Siding to Fish River
Lake, 3.05 miles along the road.west of crossing of
Fish River. This locality is outside the area of
Plate 1.
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FOQsils: Berry (letter of July 30, J962) identified
the following graptolites:
Climacograptus bicornis (Hall); Climacograptus
eximius Ruedemann; Climacograptus cf. C. scharen-
bergi Lapworth; Dicellograptus gurleyi Lapworth;
Dicellograptus s~xtans (Hall); Dicellograptus
sextans (Hall); Dicellograptus sextans varo exilis
Elles and Wood; Dicranograptus ramosus (Hall);
Didymograptus sagitticaulis Gurley; Glyptograptus
teretiusculus (Hisinger); Leptograptus sp.; Nema-
graptus 6racilis (Hall); Orthograptus calcaratus
var. acutus Lapworth; Orthograptus calcaratus yare
incisus Lap~orth.

Age: Middle Ordovician; Climacograptus bicornis Zone
(zone 12) •

.Locality: 5; Field Number: EM 793
Location: Portage Quadrangle; T14N R5\v;

EH 793 is an exposure on a lumber road of the
Pinkham Lumber Co. on north flank of Moose Mountain
just below the 1020 ft. contour. It is 1.B3 miles
east of the western townline and 2.64 miles north of
the southern townline.

Fossils: Berry (letter of December 22, 1964) identi-
fied the following graptolites:
Climaco~:aptus bicornis (Hall); Climacograptus cf •
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Locality: 8c; Field N~mber: TF 26-2 (EM 137)
Location: Same as for TF 26
Fossils: Berry, (letter of January 31, 1963) has

identified the following graptolites:
Climacograptus eXim~us Ruedemannj Climacograptus,
phyllophorus Gurley; Glosaograptus sp.

Age: Middle Ordovician; probably from the Climaco-
graptus bicornis Zone (zone 12); might be from the
next older zone, that of Nemagraptus gracilis
(zone 11)0

Locality: 9; Field Number: EM' 141 (TF 92, TF 93)
Location: Portage Quadrangle; Portage Lake Township;

TF 92 is on the west side of Route 11, in a road
metal quarry 0.85 miles north of Portage.

Fossils: Berry (letter of January 31, 1963) has
identified the following graptolites:
Cryptograptus tricornis (Carruthers); Didymograptus
cf. D. sagittic8ulis Gurley; Diplograptus sp.;
Glossograptus armatus Nicholson; Glyptograptus cf.
G. teretiusculus (Hisinger)j Glyptograptus cf. G.
euglyphus var. pygaeus (Lapworth)j Ortho£rapt~
c~lcaratus cf. var. incisus (Lapworth).

Age: Middle Ordovician; probably-from the Climaco-
graptus bicornis Zone (zone 12).
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Age: Middle O~dovicinn; irithe span of the
Nemagraptus gracilis-Climacograptus bicornis
zones (zones 11-12).

Locality:12; Field 'Number: OL 119
Location: Winterville Quadrangle; T14N R6w;

CL 119 is i~ Mosquito Brook about 0.1 miles down-
stream from Mosquito Brook Pondo This locality
is outside the area of Plate 1.

Fossils: Berry (letter of January 2, 1963) has
identified the following graptolite:
Climacograptus cr. C. phyllophorus Gurley

Age: Probably Middle Ordovician;" probably from the
span of the Nemagraptus gracilis-Climacograptus
bicornis zones (zones 11-12).

Localit~ 13; Field Number: TF 188F
Location: Winterville Quadrangle; Portage Lake

Townsh$p;
TF 188F is a quarry just south of the lumber road
at Indian Point on Portage Lake. This locality is
outside the area of Plate 1.

Fossils: Berry (letter of January 31, 1963) identified
the following graptolites:
Climacograptus sp.; Cryptograptus tricornis
(Carruthers); Dicellograptid fragment?

Age: Middle Ordovician; probably from the Climaco-
graptus bicornis Zone (zone 12); might be from the
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next oolder z?ne, that of Nemagraptus gracilis
(zone 11).

Locality: 14.;Field Number: DR 576 (C-6 of Boucot, et al.,
1964)

Location: Presque Isle Quadrangle; Castle Hill
Township
DR 576 is located Just south of Route 163 a distance
of 1.0 miles east of the summit of Haystack Mountain.
The exposure is in an old pit, in part used as a
cesspool (now largely covered).

Fossils: Berry (in Boucot, et al., 1964) identified
the follovring graptolites fromoa collection made by
vIilliamForbes:
C1imacograptus cf. c. typica1is Hall; Dicrano-
graptus n. spo (arr. D. nicholsoni); Diplograptus
"cf0 D. foliaceous (Hurchison); Orthogr~ tus spo- .

(of the o. ~alcaratus type); Orthograptus truncatus
yare intermedius (Elles and Wood); Orthograptus
quadrimucronatus cf. yare Bpproximatus "(Ruedemann).

Age: Berry places this assemblage in the Orthograptus
truncatus yare intermedius Zone (zone 13) of the
Ordovician. (Boucot, et al., 1964)

Madawaska Lake Formation
Locality: 1$; Field Number: LW 48

Location: stockholm Quadrangle; stockholm Township;
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LW 48. is along a lumber road at a point 0.3 miles
west from Collins Siding and 0.10 miles south of
the northern boundary of the stockholm Township.

Fossils: Berry (letters of December 17, 1965;
July 27, 1966; February 16, 1967; and February 16,
1970) has identified the following graptolites:
Amplexograptus sp.; Glyptograptus sp.; Diplograptus
sp•

. Age: Berry places this assemblage in the span of
zones 11~15 of the Ordovician; o. M. Bulman also
examined the collection and suggested that the age
is probably in the span of zones 11-12, but may be
as young as the e~rly part of zone 13 as that zone
is recognized in New York State.

Locality: 16; Field Number: TH 205
Location: Grand River Sheet; Notre Dame De Lourdes

Parish;
.

TH 205 is located 0042 miles N76E from the main
intersection in the village of Upper Siegas,
New Brunswick, Canada. The collection was made by
Hamilton-Smith (1969).

Fossils: Berry (letter of January 16, 1970) has
identified the following form:
Diplograptus sp. {"this is a slender Diplograptus
which appears to me to be most similar to
D~ mohawkensis (Ruedemann)•. Many specimens are
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present ••••, but all are very badly distorted--
most of them are stretched along the central axis
of the rhabdosome. This stretching makes positive
identification impossib1e.II

)

Age: Berry writes: fir think these specimens are
similar to diplograptids commonly found in zone 13
age rocks elsewhere in New England.~ ••I lean toward
a••••Trenton-zone 13 age for TH205 although admitting
that the age is only somewhere in the Late
Ordovician ••••"

Pyle Mountain Argill.ite
The following four localities constitute the source of

the best documented paleontologic information available on
the Pyle Mountain Argillite. The fossil assemulages
listed are based on collections by P. E. Cloud (1941,
"field notes) and Boucot, et ale (1964).
Locality: 17; Field Number: DR 442 (D-4 of B~ucot, et al.,

1964; USGS: SD3189)
Loc~tion: Presque Isle Quadrangle; Castle Hill

.Township;
Collections made by ~. E. Cloud (1941) and Boucot
at ale (1964) came from the road ditch on the south
side of the road from Mapleton to the north slopes
of the Pyle Mountain at a point 60 feet west of the
intersection with Turner Roado A more recent
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bulldozed area just south of the road exposes an
extensive surface of similar bedrock. This is the
so-called "Pyle School" locality of Cloud, 1941
(field notes); the Pyle School is no longer in
existenceo

Fossils: Boucot, et ale (1964, pages 21-23) cite
the following fossils:
Trilobites identified by H. B. Whittington:
Asaphid; Symphysops sp. ?; Tretaspis sp.; Dindymene
sp.; Pseudosphaerexochus sp.; aff. Carmon sp.
Br~chiopods identified by R. B. Neuman: Christiania
sp.; SO\-lerbye11asp.; plectambonitid identified;
Skenidioides.

Age: See summary beloH.
Locality: 18; .Field Number: DR 991 (E-3 of Boucot,

at al. , 1964; USGS:SD3186)
Location: Presque Isle Q,uadrangle; Castle Hill

Township;
DR 991 1s on the east slope of Pyle Nountain south
the eas~-west road from Mapleton to the north slope
of Pyle HO"lntain. It is 0.30 miles south of the
intersection of the east-west road and Turner Road.

Fossils: Boucot, et a1. (1964) cite the following
fossils from this exposure:
Trilobites identified by H. B. Whittington:
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Trinodus sp.; Symphysops .sp.; Remopleurides sp.;
Dionide sp.; Novaspis .sp.; Raphiophorus sp. ?;
cf •.Platylichas sp.
Brachiopods identitied by R. B. Neuman: Christiania
sp.; Sowerbyella sp.; leptaenid indeterminate.

Age: See s~~ary below.
Locality: 19; Field Number: DR 625 (D-7 of Boucot,

at al., 1964; USGS:SD3184, SD3187)

Location: Presque Isle Quadrangle; Castle Hill
TOl.Jnshlp;
Exposure is located in the woods on the west side
of Castle Hill at a point 2.55.~iles west of .the
eastern border and 009 miles south of the northern
border of the township.

Fossils: B~ucot, et ale (1964) cite the following
fossils from this ~xposure:
Trilobite identified by H. B. Whittington:
Tretaspis sp.
Brachiopods identified by R. B. Neuman: Christiania
sp.; Sowerbyella sp •

.Age: See summary below.
Locality: 20; Field Number: DR 1904 (D-ll of Boucot,

et al., 1964; USGS: SD3188, SD3183)

Location: Presque Isle Quadrangle; Castle Hill
Township;
This locality is in a farm field approximately 760

405



feet west of a point on T~rner Road 1.76 miles
north of its intersection with the east-west road
from Mapleton to Pyle Mountain.

Fossils: BOllcOt,et ale (1964) cite the following
fossils:
Brachiopods identified by R. B. Neuman: Christiania
sp.j SOHerbyella sp.; plectambonitid i.ndeterminantj
Leangella sp.; Skenidioides sp.'

Age: See summary belo,.,.
Note: Neuman in Boucot, et ale (1964, p. 23), cites

brachiopod fauna from several Cloud collections
taken rI •••• in secti9n dug up along road east of
Castle Hill~n Cloud's 1941 field notes (pages 37,
38) indicate that these localities aro from road-
bed exposures on the crest and north slope of
"Richardson Hillff \-lhichis the local name for the
northern most knoll of Castle Hill. These col-
lections do not come from the Pyle Mountain
Argillite; they come, rather, from strata mapped as

.~sedimentary rocks of probably Ordovician and
Silurian Agett by Boucot, et al. (1961~)and as part
of the nSandstone and Slate Member" of the French-
ville Formation by the writer. Structural and
lithologic evidence indicate that the section
studied by Cloud is younger than the Upper
Llandoverian beds at fossil locality 42. Neuman
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.(letter of March 31, 1970) indicates that nothing
uin Cloud's Richardson Hill collections is com-
pellingly Ordovician."

Age Summary: Boucot, et ale (1964) quote H. B.
vfuittingtonon the trilobites in part as follows:
"These trilobites are quite unlike any from the
standard Upper Ordovician of the Cincinnati region,
but are like those from the Whitehead formation of .
Quebec, which contains Tretaspis, Symphysops,
Novaspis, Remopleurides, Platylichas, Raphiophorus •.•
All the genera from Maine except Platylichas are
recorded in the Upper Ordovician of Poland •••and
this assemblage is characteristic of the Upper
Ordovician rocks of central and northwestern
Europe.~ •• There seems no doubt but that the
strata at Pyle School are equivalent in age with
some part of the Ashgillian of Europe ......

Neuman reports (Boucot, et al., 1964> that the
brachiopod fauna "•••do not date these rocks more
clasely.than the latter half of the Ordovician
nerlod .."
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OBDOVICIAN AND SILURIAN
Meduxnekeag Group

Carys Mills Formation

Locality: 21; Field Number: DR 402
Location: Caribou Quadrangle; Washburn Township;

DR 402 is located on the south bank of the Aroostook
River 1.1 miles west of the highway Bridge across
the river at Bugbee. It is also 0.08 miles east of
the western boundary of Washburn Township.

Fossils: Berry (letter of July 9, 1965) has identified
the following graptolite:
Monograptus cf. M. cyphus Laoworth_. .

Age: Early Llandoverian; probably zone 18 of Elles
and Vlood.'

Local~ty: 22; Field Number: DR 403.

Location: Caribou ~uadrangle; Hade T01-Jnship;
DR 403 is located- 0.62 miles west of the road inter-
section just south of Stratton Island (in the
Aroostook River). The exposure is a road cut on

.the south side of what is knol-m locally as "South
Wade Road." Bedrock is intermittently exposed in
the road cut for a distance of approximately 0.11
miles.

Note: Neuman collected graptolites from this exposure
in or about.1961. The collection was labeled
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"Ribbon-Rock-stratton Island" locality. This
collection is referenced in Boucot, et al., 1964,
page 26, and Berry is reported as having identified
the graptolites as fI •••• probably or the Orthograptus
truncatus var. intermedius Zone. It This determina-
tion was referred to by Pavlides and Berry, 1966,
page B58 as follows: liThefragmental specimens
referred to be Boucot and others have not been
re-examined, but their stratigraphic positi.on
(almost on strike) with respect to the rocks
bearing Monograptus cf. M. cyphus (DR 402 above),
indicates that they are also most probably Early
Silurian in age." The a~thor's work in the
vi~inity of DR 403 and DR 402 produced structural
and stratigraphic evidence indicating that tiR403

\.underlies DR 402 and is not on-strike from it as
inferred by Pavlides and Berry. He-examination"of
Neuman's collection by Berry yields the information
cited below. Pavlide~, 1968, Locality 6, Table 3,
page 12, also references this locality.

Fossils: Berry (letter of July 27, 1966) has identi~.
fied the followin~ graptolite:
Orthograptus truncatus var. soc1alis (Lapworth)

Age: Berry ass~gns an.Ashgillian age to the form
since it It ••• is confined to the Latest Ordovician
and is a fairly common one in my zone 15.11
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Locality: 23; Field Number: DR 1115
Location: Caribou Quadrangle; Woodland Township;

DRll15 is a road cut on the east side of'Route 161
at its intersection with the east-west paved road
from Colby. The intersection is 2.23 mIles east'
of the railroad crossing in 'Colby.

Fossils: The following gr8~tolites were obtained
from a collection by Forbes in 1960 reported by
Pavlides, Neuman, and Berry (1961, p. 65-66):
Amplexograptus sp.; Amplexograptus cf. A. perex-
cavatus (Lapworth); Climacograptus cf. C. typicalis
mute posterus Ruedemannj Diplograptus ? spp. (two

'distinct kinds of this form are ~epresented; one is
long and slender, the other shorter and wider);
Orthograptus aff. o. truncatus (Lapworth); Ortho-
graptus truncatus cf. var. intermedius (Elles and
Wood); Other orthograptids of the O. truncatus

,
type (some of these may be new).

Age: "The assemblage of many orthograptids of the
truncatus group (especially the presence of O.
truncatus cf. var. intermedius), other large
diplograptids, and the Climacograptus of the C.
typical~~ group, is probably representative of the
zone of Orthograotus truncatus var. intermedius.
Closely similar assemblages have been recognized
by 'Berry (1960b, p. 38) from the Snake Hill and
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Canajoharie shales in New York, and the Magog
shale in Quebec." (Pavlides, Neuman, and Berry,
1961, p. 65-66).

Locality: 24; Field Number: EM 326
Location: stockholm Quadrangle: Van Buren Township;

EM 326 is a locality originally collected by Neuman
and has more recently been recollected by Mencher.
The exposure is along the east-Hest road southwest
of Parent between elevations 687 feet and 733 feet
and a distance of 0.55 miles west of the road
intersection at elevation 687 feet.

Fossils: From the collection made by Mencher, Berdan
.(letters~f March 24, 1965 and December 5, 1969) has
identified the following ostracods:
Chilobolbina sp. (?); Bollia sp.; Schmidtella sp.j
Gen. et sp. iildet.
The following conodonts have been identified by
H'lddle (letter of December 5, 1969);
Icriodina stenolophata Rexroad; Sagittodontus ?

edentattis (Rexroad); Panderodus sp.~ Hibbardella?
carinata (Br~nson and Branson); Ligonodina ?
extrorsa Rexroad; Dredanodus ? (really indeterminate~
From the original collection made by Neuman, Berry
has identified the graptolites (letter of January 16,
1970) :
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Clima6og~ap~~s sp.; Monogr~ptus (similar to M.
atavus Jones).

Age: Berdan concludes that the ostracods listed
above "•••are all long-ranging genera which could
be .either Ordovician or Silurian age." Concerning
the conodonts, Huddle states: RGilbert Klapper
examined these conodonts on November 3, 1969, and
suggested the Brassfield age of the collection. I
have since identified the species and confirmed the
Brassfield (Llandover'y)age. The age deter'mination
is based primarily on the presence of Icriodina
stenolophata and Saggitodontus ? edentatuso These
t"10"species" may have occurred in the same animal •

.Rexroad" (1967) correlated the Brassfield Limestone
with the lower and middle Llandovery on the basis
of conodonts and this correlation agrees reasonably
well with correlations based on other groups."

Referring to the graptolites, Berry states:
ttThisdetermination (Monograptus, similar. to M •

.atavus) would indlcate an Early Silur.ian--probably
Early-Middle Llandover'y age--for the collecti on."

Locality: 25; Field NQmber: EM 661
Location: Grand Falls Sheet (21 0/4 West Half);

st. Anne Parish (New Brunswi6k, Canada);
Hamilton-Smith (1969) collected from this locality
and cites its location as: i.50 miles S 7.5 E of
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(470 15' North, 680 00' west); 4.03 miles S 68 W
of (470 15' North, 670 55' West); 4.27 miles N 3 E
of (470 la' North, 680 00' West). The exposure is
a shallow road cut on both sides of a farm road.
Thi~ locality is outside the area of Plate 1.

Fossils: Berry has identified the following grapto-
lite:
Climac6graptus, possibly scalriris
Berdan identified the.following ostracods:
Krausella sp.; Schmidtella ? SPj smooth ostracods,
indet.

Age: Hamilton-Smith (1969) quotes the following:
.Berdan: "This collection is probably Ordovician
rather than Silurian in age but cannot be dated
precisely."
Berry: "I would suggest that the beds were within
a Late Ordovician-Early Silurian (Llandovery) age
span anyway and thus lean a little toward the

.Silurian age."

ORDOVICIAN AND/OR SILURIAN
Aroostook River Formation

Locality: 26; Field N~mber: DR 779 (USNM: 13031)
Location: Ashland Quadrangle; Ashland Township;

DR 779 is located on the north shore of the Aroos-
took River at a point 7.5 miles downstream from the
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Route"11 br~dge in Ashland and 0.80 miles upstream
from the mouth of Anderson Brook.

Note: The author's collection of this exposure (1966)
has been studied by both Boucot and Neuman. The
lo~ality is cited by Neuman (1968, p. 44) and 'the
fossil list and age discussion below is from that
paper as well as a written communication from
Boucot (letter of October 27, 1966).

Fossils: Plectothyrella SPt; Cryptothyrella sp.;
Hirantia sp.; Triplecia sp.; Oxoplecia sp.; orthid;
unidentified brachiopode

Age: Boucot states that DR 779 "•••is of Ashgill or
Lower Llandovery age as indicated by the presence
of Plectothyrel.~~ and Cryptothyrella. It is some-
what reminiscent of the Siegas (EM 558, Siegas
Formation, se~ below) b~t in the absence of
Stricklandid brachiopods one could not be sure of
a Lower Llandovery assignment."

SILURIAN
Sieges Formation

Locality: 27; Field Number: EM 558 (USNM: 17012, 17011,
17010)

Location: Grand Falls Sheet; st. Anne Parish
(New Brunswick, Canada);
EM 558" is a large quarry located 1.1 miles N 45 E
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of Siegas, New Brunswick. EI1 558 is the best
exposure and Utype-section" of the Siegas
Formation (Hamilton-Smith, 1969). This locality
is outside the area of Plate 1.

Note: This quarry has been known for some time and
several individuals (both Canadian and. American)
have in times past studied the exposed section and
made collections. So far as this author knows,
none of these previous collections has been pub-
lished. Fauna extracted from two collections
(Roy and Mencher in 1965 and Hamilton-Smith in
1967) are included here. Ha~ilton-Smith (1969)
has made the most complete study of the section
at EM 558 and established the Siegas Formation
(as yet ~npublished). The res'llts of these col-
lectionshave been included in a regional litho-
facies synthesis of the Early Llandoverian by
Ayrton, et al., 1969.

Fossils: Catazyga? sp.; Dalmanella ? sp.;
.Eostropheodonta ? sp.;' Leangella 'sp.; Mendacella

sp.; Eoplectodonta sp.; Plectothyrella sp.;
Protatryoa ? sp.; Skenidioides ? sp.; Spirigerina?
sp.; Stricklandia sp.; dolerorthid; unidentified
dalmanellid pedicle valves (probably belonging to
both Dalmanella ? sp. and Mendacella sp.); uniden-
tified brachiopods; Cornulites sp.; Diplograptus sp.;
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t3tracoral; favositid; halysitid; h~liolitid;
trilobite fragment.

Age: "Owing to the fragmentary condition of the
brachiopods, the fauna has been difficult to date.
Earlier unpublished fossil reports by A. J. Boucot
and R. B. Neuman (1965) pointed to an e.arly
Llandovery age, which is confirmed by the present
restudy of the collection. Critical to dating
the Siegas Quarry rocks is the presence of
Stricklandia which is unknown elsewhere in the

,world below the base of the Silurian. Plecto-
thyrella is known only from beds of either early
Llandovery or Ashgill age. Dalmanella sensu strictu
has not been confirmed above beds of early
Llandovery age, altho'l.ghit is abundant in the
later Ordovician; the same is true for Catazyga.
Protatrypa, Eostropheodonta, and Mendacella are
unknown above CI to C2 of the late Llandovery,
although, except for Protatrypa, they can occur in

.the Ashgillian.n (Ayrton, et a1., 1969)

Frenchville Formation
Conglomerate Member
Locality: 28; Field Number: DR 468

Location: Ashland Quadrangle; Ashland Township;
R~ S. Naylor (Field No. 3146) made a collection in
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July of 1962.from this locRlity which is on the
. .

southeast side of Route 227 0.20 miles southwest
of the bridge across Alder Brook. The fossils
came from a pebbly mudstone. This locality is
stratigraphically just above.DR 469.

Fossils: Boucot (letter to.R. S. Naylor, November 10,
1964) has identified the following forms:
Leangella sp.; Isorthis sp.; Plectodonta sp.j
Stricklandia lens cf. ultima; Dicoelosia sp.j
stropheodont; Linopo~ella ? sp.

Age: Boucot places this assemblage in the span
C4 - C5 of the Llandovery_

Locality: 29; Field Number: DR 469 (us~n1: 11088)
..Location: Ashland Q.uadrangle; Ashland Tovmship;

This locality occurs as a poorly exposed road cut
along Route 227 (southeast side of the road) 0.35
miles south of the bridge across Alder Brook.
Fossils were found in a pebbly mudstone inter-
bedded with pebble conglomera~es.

Fossils: Boucot (letter of June 17, 1965) has
identified the following fossils:
stricklandia lens cf. ultima; corals; stropheo-
dontid; rhychonellid; dalmanellid; Leangella sp.;
Plectodonta sp.; gastropod.

Age: Boucot states that the material "contains a
stricklandid and is of pre-~;enlock limestone age ~II

417



He further suggests that it is "••••probably
C4 - C5 age if the stricklandid is correctly
identified."

Locality: 30; Field Number: DR 788 (USNM: 12166)
Location: Ashland Qu~drangle; Ashland Township;

DR 788 is in the southeast corner of a field and
is 0.30 miles N23W from the first bend in Route 227
just east of the town of Ashland.

Fossils: Boucot (letter of October 25, 1965) has
identified the following forms:
halysitid fragments; Leangella sp.; Leptaena
"rhomboidalist1j Platystrophia ? sp.

Age: In the time span of 03 (of the Llandoverian) to
Wenlockian as suggested by the presence of Leangella.

Locality: 31; Field Number: DR 885 (USm1: 12164)
Location: Ashland Quadrangle; Ashland Township;

The fossils came from a pebble and cobble con-
glomerate outcrop located along a farm road which
leads south from a point on Route 163 a distance of
3.0 miles east of the intersection of that highway
and Route 11 in Ashland. The exposure is in a
small wooded uislandTl between fields 0.40 miles
soath of Route 163.

Fossils: Boucot (letter of October 25, 1965) has
identified the follow~ng fossils:
Rhipidium.or "Conchidium; halysitid fragments;
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~a1manellid.
Age: Boucot assigns this assemblage to the Wenlnckiafr

Ludlovian time span.
Locality: 32; Field Number: DR 1295 (USNM: 17328, 17329)

Location: stockholm Quadrangle; 'stockholm To~mship;
DR 1295 consists of several small exposures in a
gravel pit. The pit is located 0.17 miles in on a
farm road leading northeast from a point on Route 1&
0.46 miles north of the crossing of the Little
Madawaska River. Collections were made from two
horizons within the pit: horizon B is strati-
grap~ically below horizon A.

Fossils: Boucot (letter of December 8, 1969) has
identified the following fossils:
Horizon A (USNM: 17328): Pentamerus spo
Horizon B (USNM: 17329): dolerorthid; Stricklandia
spo; Resserella sp. '

Age: Boucot assigns a Late Llandoverian age to both
horizons as indicated by the pr~sence of Pentamerus,

.Resserella, and Stricklandia.
Locality: 33; Field Number: DR 1343 (USNM: 13036)

Location: Caribou Quadrangle; westmanland Township;
DR 1343 is located on the northwest bank of the
Little Madawaska River about 2.2 miles d01ffistream

.from the mouth of Alexander Brook and 2.5 miles
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s' 66 E from the northwest corner of the Caribou
quadrangle.

Fossils: Boucot (letter of October 27, 1966) has
identified the following fossils:
Leangella sp.; stricklandid; Porpites porpita;
Plectodonta sp.

Age: "DR 1343 ••••is indeed of Frenchville age as
indicated by the presence of a stricklandid and
Porpites porpita. The age assignment would
probably be C6 to lowest Wenlock or possibly Cs
based on the Porpites.1I

Locality: 34; Field Number: DR 1792
Location: Ashland Quadrangle; Castle "Hill Township;

The locality is B woods exposure located 0.21 miles
due east of the Aroostook River and 1.65 miles
N 781tl of.the:cross'ing of Demarchant Brook by
Route 227. In reference to township. lines, it is
0.30 miles east of the western line and 1.36 miles
south of the northern line of .the Castle Hill

.Township.
Fossils: Rexroad (lettersof December 19, 1969;

February 23, 1970) has identified the following
conod:>nts:
Hadrognathus staurognathoides
Spathognathodus ranuliformis
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Age: Rexroad reports that these form~ establish a
definite Llandoverian age for the beds at- DR 1792.
He places the above assemblage in the N. celloni
Zone and states that a n ••• C5 age is the most likely

--_... .

assignment, but it is possible that the beds are
slightly older than this."

Feldspathic Sandstone Member
Locality: 35; Field Number: DR 25 (Locality E-ll of

Boucot, et al., 1964)
Location: Ashland Quadrangle; Ashland To~nship;

DR 25 is a large road cut on the south side of
Route 227 at the "south end" of the village of
Frenchville. The cut is 2.80 miles southwest of
the..Ashland-Castle Hil:l:-township line and at the
site 'of the former Frenchville Church (destroyed
in 1966)0

Fossils: A collection made by Forbes produced the
fol~owing fauna (reported in Boucot, et al., 1964):
Eocoe1ia cf. E. hemisphaerica; Stricklandia lens cro

ultima; Cyrtia; Atrypa reticularis; Pentamerus sp.;
Paleocyclus sp.; trilobite.

Age: In the C4 - C5 span of the Late Llandoverian.
Quartzose Sandstone Member
Locality: 36; Field Number: DR 310 (Locality E-12 of

Boucot, et al., 1964)
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Location: Caripou Quadrangiej Westmanland To~nship;
DR 310 is located in a'farm field south of the road
west from New Sweden (towards Blackstone Siding~ at
the eastern edge of the Westmanland Township and
0.70 miles north of the southern township line.

Fossils: Boucot, et al. (1964) report the following
fossils:
Eocoelia cf. E. hemisphaerica; stricklandia lens
cf. ultima; Pentamerus sp.; Leptaena ttrhomboidalis";
Plectondota sp.

Age: In the C4 - Cs span of the Late Llandoverian.
Locality: 37; Field Number: SH 124 (USNM: 11175)

Location: Stockholm Quadrangle; Stockholm TOH1 ship;
SH 124 is in a railroad cut (at elevation 641 feet)
located 530 feet southwest of the "temporary"
railroad crossing or a lumber road which intersects
the main north road out of Stockholm where this
north road makes a sharp turn eastward toward
California, Maine.

Fossils: Bo~cot (letter of November 9, 1964) has
identified the following fossils:
orthotetacid; Atrypa? sp.; Pentamerus? spo;
rostrospiroid; Eocoelia sp. (coarse ribbed);
"Dolerorthis" flabe~J:2-t~~; rhychonellid; Strick-
landia lens cf. ultima; Cyrtia sp.; Plectodonta sp.;
Resserella sp.; Leptaena "rhomboidalis"j Paleocyclus?
sp.; favositidj unidentified brachiopods.
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Schopf, et a1. (1966) repc~t the following plants
from fine laminated siltstone interlayered with
more massive sandstone containing the shelly fauna;
Eohostimella heathana Schopf en. gen., n. sp.);
foliose (?).algae.

Age: Concerning the faunal assemblage,.Boucot states:
USH 124.is of C4, C5 age although a possibility of
a C6 Low Wenlock age cannot be completely ruled
out.~ ••The problem is whether the fragments of
Stricklandia lens cf. ultima might be confused with
fragments of Costistricklandia. The beak ends of
the two forms look almost identical. I have the
same problem with a fauna from the sillimanite
zone in New H~~pshire. The presence of a possible
Paleocyclus fragment complicates the issue as this
is a genus normally found only in C6 Low-Wenlock
whereas a Stricklandia would suggest C4' C5- In
any event you are in the upper part of the
Llandovery. n

.The plants studied by Schopf have no dating valuo
at this time.but do have significance in botanical
evolution. The plants and their significance are
disc~ssed at great length by Schopf, et ale (1966).o

Locality: 38; Field Number: SH 170 (USNM: 1179)
Location: stockholm Quadrmglej Stockholm Township;

SH 170 is located along the Bangor and Aroostook
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Railroad track 0.81 miles north of the main
railroad cr9ssing in.the village of stockholm.

Fossils: Boucot (letter of November 9, 1964) has
identified the following forms:
Leangella sp.; Atrypina sp.; pentameroid.
Berry (letter o~ December 22, 1964) identified the
following graptolites:
Monograptus cf. M. dubius (Suess); Monograptus sp.
(Slender, plain thecae).

Age: Boucot reports: "SH 170 is of pre-Ludlow age
and would range between C3 and Wenlock as evidenced
by the presence of Atrypina and Leangella~ Berry
places the graptolites in the span of Late
Llandovery to Ludlow.

Locality: 39; Field Number: SH l7~
Location: stockholm Quadrangle; stockholm To'\mship;

SH 171 is located in the same railroad cut but is
stratigraphically below SH 170 •. SH 171 is approxi-
mately 170 feet north of SH 1700

Fossils: Berry (letter of December 22, 196L~)has
identified the following graptolites:
Monograptus sp. (long, slender, plain thecae--of
the M. nudius type?); Monograptus sp. (long, slender
form of the M. dubius group'~

Age: Berry states that: "Nonograptids with this form
are most commonly knolvn in the Late Llandovery but
they ~ay range into the Ludlol,'l.n
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Locality: 40; Field Number: SH 172
Location: stockholm Quadrangle; stockholm Township;

SH 172 is located in the same road cut exposure as
SH 170 and 171 but is about 50 feet north of SH 171.
SH 172 is 'stratigraphically below SH 170 and 171.'

Fossils: Berry (letter of December 22, 1964) has.
identified the following ~raptolites from this
horizon:

,Monograptus sp. (hooked thecae, slender form);
Monograptus sp. (long, slender, plain thecae).

Age:' Berry states that: "Honograptids with the forms
of those in this collection are apparently restricted
,in their range to the latter part of the Llandovery
in Europe."

Locality:' 41;-Field Number: SH 173 and SrI173A
Location: stockholm Quadrangle; Stockholm Township;

SH 173 is stratigraphically below SH 170-172 and is
part of the same railroad cut. It is located 10
feet north of SH 172. The fossils come from two
closely 'spaced horizonso

Fossils: Berry (letter'of December 22, 1964) has
identified the following' graptolites:
SH 173: Monograptus marri Perner; Monograptus sp.
(long, slende:r,plain.thecae--of the M. nudus type);
SH 173A: Monograptus marri Perner.
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Age: Berry st-stesthat, tlM.~ri is restricted in
its "range to the interval of Elles and Wood's
zones 22 to 25 which corresponds to the interval
C3 - 06 in terms of brachiopod st~ges.n

Sandstone-Slate Member
Locality: 42; Field Number: DR 628 (Locality E-2 of

Boucot, et al.,:1964; USNM: 13bj2)
Location:' Presque Isle Quadrangle; Castle Hill Towns~;

DR 628 is on the western slope of Castle Hill, 2.55
miles west of the eastern border of Castle Hill Town-
ship and 0.67 miles south of the northern border of
the townshipo

Note: Until recently the only fossil reported from
this locality was a halysitid noted by P. E. Cloud,

'.1941 field notes (Boucot, and others, 1964). A
collection made by.the ~uthor yielded the following
brachiopods and corals:

Fossils: Boucot (letter of October 27, 1966) has
identified the following foss~ls:

.halysitid; Plectodonta sp.; Dinobolus sp.; "Doler-
orthis" flabellites; dalmanellid; Amphistrophia cfo

A. stri,ata; stricklandid; Coolinia sp.; Protome-
gastrophia ? sp.; Drummochina',? sp.; orbiculoidj
~piriferina ? sp.; 'Ptychopleurella sp.; Leangella sp.;
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Locality: 43; Field Number: DR 905 (USGS: SD7887)
Location:" C~ribou Quadrangle; Wade Township;

DR 905 is located along the south bank of the
Aroostook River, about 0.60 miles east of the
mouth of Gardner Brook, and 4.7 miles upstream
from the railroad bridge across the river near
Washburn.

Note: The author has made two collections from. the
thin limestone beds present in the exposed sequence.
The first.was submitted (1966) to Neuman who
identified the brachiopod form b~low (letter of
February 24,1967). The second. collection was made
in 1969 during a bed-by-bed study of the sequence;
these samples were .Tldigestedrr by Forbes who was the
first to notice the abundance of conodonts in the
specimens. Conodonts. pickep by Forbes were sub-
mitted to Klapper for study; his identifications
(letter to Forbes, October 1, 1969; letter to Roy,
October 30, 1969) are listed below.

427



Fossils: Identified by Neuman:
Artriotreta
Identiried by Klapper (from bed 55):
Spathognathodus celloni Walliser; Spathognathodus
pennatus angulatus Halliser.

Age: Ne1J.manwrites that fl •••• This genus \'1aserected
by Ireland (1961" Jour. Paleo., v. -35" p. 1138) for
specimens from the Chimney Hill Limestone of Silurian
(Alexandrian) age in the Arbuckle Mountains"
Oklahoma. I am not aware of any other occurrence
of it" but these little (ca. 1 mm diameter) fossils
are seldom recovered or reported on. Their ranges
are thus poorly known. The Oklahoma occurrence,
therefore" suggests an Early Silurian (Llandovery)
age ror this sample, but it is obvious that such
limited information does not preclude a somewhat
older or younger age."
Klapper states that "••.•Both of these (forms)
are restricted in range to the celloni Zone of
Walliser (1964).11 The celloni Zone correlates
approximately with the interval C2 - C4 of the
Llandovery (Boucot, letter of March 5, 1970).

Locality: 44; Field Number: DR 1816 (USNM: 17330)
Location: Portage Quadrangle; Wade To~mship;

This collection is from a loose block considered
to have been removed from bedrock d~ring con-
struction of a tote road. Bedrock is exposed at
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DR 18.76 and is lithologically very similar to the
block. The block is from a graded bed and the
fossils are from the basal part. DR 1876 is
located along an old tote road 0.93 miles N 71 W,
from the story Hill Fire Tower.

Fossils: Boucot (letter of December 8, 1969) has
identified the following fossils:
Salopina sp.; glassiid; plectodontid; Eocoelia
intermedia or curtisi.

Age: Boucot states th~t DR 1876 is of C3 - C5 age
as indicated by the presence of Eocoelia intermedia
or curtisi.

Perham Group
New Sweden Formation

Locality: 45; Field Number: DR 444 (USNH: 13034)
Location: Presque Isle Quadrangle; Castle Hill

Township;
DR.444 is located in a road-metal quarry on the
east side of Turner Road 0.40 miles north of the
intersection of that road and the east-west road
from Mapleton to Pyle Mountain.

Fossils: Boucot (letter of October 27, 1966) has
identified the following fossils:
Eocoelia cf. intermedia or curtisi; Pentamerus sp.;
Protomegastrophia ? sp; Ptychopleurella sp.;
stricklandid; Plectodonta sp.
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Age: Boucot states that "DR 444•..18 of 03 - C5
age as indicated by the Eocoelia which is similar
to intermedia or curtisi."

Locality: 46; Field Number: DR 1485 (USNM: 13029)
Location: Caribou Quadrangle; Wade Township;

DR 1485 is located on a tote road just south of
its intersection with Donnelly Brook about 205
miles northwest along the brook from its inter-
section with Wade Road •

.Fossils: Boucot (letter of October 27, 1965) has
identified the following forms~
Dalejina sp.; Meristina sp.; Resserella sp.;
Dicoelosia sp.; L0angella sp.; Plectodonta sp.;
HOvlellella sp.; Eospirifer sp.; Leptaena "rhom-
boldalis"j Coolinia sp.; Linoporella ? sp.; Atrypa
"reticularis"; Pr~otomegastrophia sp.; Strophonella
sp.j Salopina sp.; Amphistrophia ? sp.; Cyrtia sp.;
Mesopholidostrophia sp.; gypidulinid; rhynchonellids;
unidentified brachiopods; gastropodj trilobites.

Age: Boucot. concludes that DR 1485 is probably
Wenlockian in age " •••• as indicated by the presence
of Plectodonta and Leangella genera whose ranges
cross only in the ~-lenlock.II

Locality: 47; Field Number: EM 305
Location: stockholm Quadrangle; T17N R3W;

EM 305 is located 2.2 miles west of Martin Siding.
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The exposures is along the road betw~en Martin's
Siding and Long Lake. Fossils came from a sequence
of interbedded siltstones and fine sandstones.

Fossils: Berry has identified the following grapto-
lites:
Monograptus tria~gulatus; Climacograptus of C.
scalaris type.

Age: Approximately zone 19 of the L1andoveriano
Perham Group

Jemtland Formation
Locality: 48; Field Number: DR 26 (Locality IX of

Berry, 1960)
Location: Ashland Quadrangle; Castle Hill TOHnship;

DR 26 is a road cut on the south side of Route 227
approximat~ly 0.1 miles east of its crossing of
Demarchant Brook.

Fossils: Berry (196oa)reports the following graptoli res .
from this exposure:
Desmograptus cf. Q. micronematodes var. quebecensis
Ruedemann; Plectograptus sp.; ~onograptus_ colonus

.(Barrande); Monograptus dubius (Suess); Monograptus
forbesi Berry, n. sp.; Monograptus t'umescens var.
contus Berry, n. var.; Monograptus vulgaris varo

ashlandensis Berry, n. var.; Monograptus sp.
Age: Early Ludlovian, zone 33.
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Locality: 4-9;Field Number: DR 303 (Locality PV of
Boucot., et a1°.,1964)

Location: Caribou Quadreng1e; Woodland Township;
DR 303 is located in a farm ditch along an east-
west trending farm road on the Hartson Blackstone, Jr.
Farm northeast of Perham. One gets to the farm road
by heading east from the Perham school tbward
Carlson for 1.45 miles to an intersection with a
north~south gravel road, thence north on this
gravel road for 0.60 'miles to the farm road. DR 303
is 2300 feet westward along the farm road (and over
a hill); it is the last exposure seen in the ditch
which begins at 1731 feet.

Fossils: Berry (letter of December 22, 1965) has
identified'the following graptolites:
Monograptus crinit~s Wood; Monograptus ni1ssoni
(Barrande)?; Monograptus sp. (of the M. dubius
type).

Age: Early Ludlovian (span of zones 33-34).
Locality: 50; F.ieldNumber: DR 303 A and B

Location: Caribou Quadrangle; Woodland Township;
These two horizons (only a few feet apart) are in
the same ditch as DR 303 but are located 468 feet
east of it (1832 feet from main gravel road)~
DR 303 A and Bare stratigra?hica11y beneath DR 303.
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Monograptus sp. (of the M. priodon group) ;
Monograptus sp. (thecae of M. vomerinus
type?) •
l\ionograptus sp. (of. the H. priodon group) ;
Monograptus sp. (plain thecae).

. DR 303B

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
DR 303A

Age:. DR 303A: "In the span. of Late Llandovery-
Wenlock; if the poorly preserved scrap with thecae
(seemingly like those of M. vomerinus) truly belongs
in" that group of monograptids, then the age of the
beds bearing this material would be Wenlock. The

.evidence at hand merely indicates a Late Llandovery-
Wenlock age span, however.
DR 303B: tJln the span of Late Llandovery-\venlock. II

Locality: 51; Field N'll1lber:DR 307 (EH 499)

Location: Caribou Quadrangle; 1~lestmanland Township;
DR 307 is located 0.70 miles n~rth of. the Westmanland
School in a road cut on the west side of the road
that crosses the west flank of Fogelin Hill.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Cyrtograptus ? sp.~ Monograptus"flemingii (Salter);
Monograptus sp. (of the M. dubius group).

Age: Late Wenlockian
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Locality: 52; Field Number: DR 312
Location: Caribou Quadrangle; Perham Township;

DR 312 is located in a small road-metal quarry on
the west side of a gravel road which heads north
from the main paved road between the Perham school

.and Carson. The road intersection is 0.27 miles
east of the school. The exposure is 0.30 mlles
north of the intersection.

Fossils:' Forbes and Berry collected from this
outcrop in the summer of 1964. Berry (letter of
January 5, 1970) has identified the following
forms:
Monograptus cf. M. crinitus Wood; Monograptus sp.
(of the M. scanicus group).

Age: Early Ludlovian (zo~es 33-34) •
.Loca1ity: 53; Field Number: DR 350

Location: Portage Quadrangle; P,rham Township;
DR 350 is located along the road he~ding south from
Hanford at a point 2.10 miles from the railroad

.crossing at Hanford. The exposure is a small pave-
ment surface on the west side of the road.

Fossils: Berry identified the following graptolites
(letter of December 22, 1964):
Monograptus bohemicus (Barrande)j Monograptus cf.
~. colonus (Barrande)j Monograptus sp. A. of Berry,
1964j Monograptus n. sp. (of the M. uncinatus type)~

Age: Early Ludlovian (zones 33-34).
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.Locality: 54; Fi~~d Number: DR 485
Location: Ashland Quadrangle; Ashland TOvffiship;

DR 485 is located in the road-bed of the B~llville
Road at a point 1.95 miles from its junction with
the Wrightville Road.

Fossils: Berry (letter of February 16, 1967) has
identified the following graptolites:
Monograptus cf. M. varians Wood; Monograptus sp.
(of the ~. dubius type); r-1onograptus sp. (thecae
appear to be uncinate).

Age: Early Ludlovian (zone 33).
Locality: 55; Field Number: DR 489

Location: Presque Isle Quadrangle; Mapleton Township;
'DR 489 is on a grAvel road heading south toward

Griffin Ridge from Route 227. The exposure is a
small pavement surface on the west side of the road
about 0.53 miles south of Route 227., It is approx-
imately O.ll~ miles south of locality E-13 of Boucot;
at alo (1964) and is stratigraphically above it.

Fossils: Berry and Forbes.collected graptolites from
this locality. Berry (letter of January 5, 1970)
has identified the following graptolites:
Monograptus dubius; Monograptus cf. M. crinitus
Wood; Monograptus sp. (of the M. ~canicus type).

Age: Early Ludlovian (zones 33-34).
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Locality: 56; Field Number: DR 594 (Locality "LB" of
Berry,. 1964)

Location: Presque Isle Quadrangle; Presque Isle
Township;
DR 594 is located 0.28 miles west of Lamson Brook
on the road heading west from the village of
Spragueville.

Fossils: Berry (1964) reports the following grapto-
lites:
Monograptus bohemicus (Barrande); Honograptus
colonus var. compactus Wood; Monograptus 'crinitus
Wood; Monograptus dubius (Suess); Monograptus
forbesi (Berry); Monograptus nilssoni (Barrande);
l-1onograptustumescens l:J'ood;Monograptus cf. M.

tumescens Wood; Monograptus tumescens var. contus
Berry; Monograptus varians Wood; Monograptus cf.
M. v1cinus Perner.

Age: .Early Ludlovian (zone 33).
Locality: 57; Field Nunlber: DR 596 (Localities SRI and

SR2 of Berry, 1964)
Location: Presque Isle Quadrangle; Presque Isle

TOHrlship;
DR 596 is located on the road heading west and north
from the villige of Spragueville at a distance of
1.14 miles northwest from the Lamson Brook crossing.
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Fo~sils: Berry (1964) reports the foJJ.owing
graptolites:
Monograptus bohemicus (Barrande); Monograptus
colonus var. compactus Wood; Monograptus cf. M.
crinitus Wood; Monograptus cf. M. dubius (Suess);
Monograptus forbe~~ Berry; Monograptus cf. M.
scanicus Tullberg; Monograptus tume~cens Wood;
Monograptus varians Wood; Monograptus cf. M.
vicinus Perner; Monogra.ptus sp. A."of Berry,1964.

Age: Early Ludlovian (zone 33).
Locality: 58; Field Number: DR 610

Location: Ashland Qu~drangle; Ashland Township;
DR 610 is an extensive road-ditch exposure along
the Belleville Road at a distance of 2.07 miles
from its ihtersection with the Wrightville Road.

Fossils: Berry (letter of April 21, 1966) has
identified the following graptolite:
Monograptus priodon

Age~ "In the span of Late Llan~overy-~lenlock--from
the dimensions of this form, I would suggest a
Late Llandovery age as forms with similar dimen-

. . .sions included in M. priodon by Elles and Wood
are found prima~ily in the La.teLlandovery."

Locality: 59; Field Number: DR 621 (Locality E-13 of
Boucot, et al., 1964)
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Locatiop: Presque Isle Quadrangle; Mapleton Township;
DR 621 is located.O.36 miles south of Route 227 on
the gr~vel road toward Griffin Ridge.

Note: This exposure was placed in the Lower Member
of the Perham Formation (New Sweden Formation of
this report) by Bo~cot, et al., 1964. Re-examination
of this exposure by Roy and Pavlides in 1965 re-
sulted in a consensus that the strata at DR 621
should be placed in the Upper Member of the.Perham
Formation (Jemtland Formation of this report). An
additional collection in 1965 has been reported by
Pavlides (1968).

Fossils: Boucot, et ale (1964) report the following
fossils:
Leangella ,sp.; smooth atrypacean; trilobite.
Pavlides (1968) reports the following ostracods:
Grammolomatella sp.; Tubulibairdia sp.; Rishona s~;
Spinobairdia sp.; Condracypris ? spo
Trilobi tes:
Phacops (of the P. orestes group); Diacalymene sp.

Age: Boucot, et ale (1964) report that Leangella has
never been found above the Wenlockian. The ranges
of the ostracod and trilobite fauna from this
exposure suggest a Late Wenlockian age (Pavlides,
1968).
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Localit~: 60; Field Number: DR 664
Location: Caribou Quadrangle; New Sweden Township;

DR 664 is a small road cut aiong the east-west road
which heads west from Route 161 at a distance of
0.5 miles south of Jemtland (stockholm Quadrangle)
and passes the West Jemtland"Cemetery. The outcrop
is 0.45 miles west of Route 161 and on the north
side of the road. Collection was made by Douglas
Smith (Field No. 1064) in 1962.

Fossils: Berry (letter of December 22, 1964) has
id~ntified the following graptolites:
Monograptus bohemicus (Barrande); Monograptus sp.
A. of Berry~ 1964; Monograptus sp. (of the M.
vulgaris type).

Age: Early 'Ludlovian (zones 33-34).
Locality: 61; Field Number: DR 635

Location: Stockholm Quadrangle; New Sweden To~mship;
DR 635 is a large road cut aiong Route 161 on the
west side of the road in the village of Jemtland.

Fossils: "Berry (letter of December 17, 1965) identi-
fied the following graptolites:
Monograptus sp. A. ('Ber~y, 1964); Monograptus cf. M.
uncinatus Tullberg; Monograptus' sp. (M. uncinatus
type); Monogr~ptus sp. (plain thecae).

Age: Early Ludlovian (zones 33-34).
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Locality: '62; Fj old Number: DR 636
Location: stockholm Quadrangle; T16N R4w;

DR 636 is the so-called Jemtland Quarry which is
located just off Route 161 (to the southwest) at
~'distance of 1.6 miles northwest of Jemtland.
Several graptolite horizons were found while
measuring the section exposed in the quarry.
Measurement of the quarry required 10 separate
short traverses (legs).

Fossils: Berry (letter of December 17, 196$) identi-
fied the following graptolites from each horizon:
Leg 1 (at 28 feet) (lowest): Monograptus sp.
(hooked thecae).
~eg 2 (at 22 feet): Monogra~tus scanicus Tullberg?;
Monograptu's (M. dubius type?); Monograptus sp.

(plain thecae); Monograptus sp. (~1. uncinatus type?).
Leg 5 (at 10 feet): Monograptus sp •.(hooked thecae);
Monograptus sp. (~. uncinatus type?).
Leg 6 (at 159 feet) (highest) : Monograptus bohemi-
cus (Barrande); Monograptus colonus cf. var.
compactus Wood; Monograptus nilssoni (Barrande);
Monograptus sp. (of the M. chimaera type); Mono-
graptus sp. (of the M. uncinatus type); Monograptus
sp. A. of Berry, 1964.
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Age: Leg 1 (at 28 feet): Late Llandoverian-Early
Ludlovian

Leg 2 (at 22 feet): Probably Early Ludlovian
(zones 33-34)

Leg 5 (at 10 feet): Late Llandoverian-Early
Ludlovian; probably Early
Ludlovian.

Leg.6 (at 159 feet): Early Ludlovian (zone 33)
Locality: 63; Field Number: DR 688

Location: Sq'.1areLake Quadrangle; T17N R4H;

DR 688 is located in a farm field on a small hill
just southeast of Guerette. The exposure is 0068
miles S 79 E from the bridge in Guerette.

Fossils: Berry (letter of July 27, 1966) has identi-
fied the following graptolites:
Monograptus nilssoni (Barrande)?; Monograptus sp.

(of the M. dubius type).
Age: Probably Early Ludlovian (zones 33-34).

Locality: 64; Field Number: DR 714
Location: Grand Isle Quadrangle; Grand Isle Township;

Douglas Smith (letter of March 6,.1964) collected
fossils from an exposure (Smith, Field No. 1212)
along a farm road a distance of 0.7 miles S 13 E
of the intersection at the old Doucette School
(BM 924) and 1.1 miles due east of the western
boundary of the Grand Isle Township.
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Fossils: Berry has (letter of December 22, 1964)
identified the .following graptolites:
Monograptus scanicus Tullberg; Monograptus sp.
(of the ~. chimaera group).

Age: Early Ludlovian (zones 33-34)
Loc,ality: 65; Field Number: DR 849 (Locality "DB" of

Berry, 1964; locality nD~3" of Boucot,
etal., 1964 )

Location: Presque Isle Quadrangle; Castle Hill
Township;
DR 849 is in the south road ditch of Route 163 a
distance of 0.10 miles from the crossing of Dudley
Brook southwest of Mapleton.

Fossils: Berry (letter of December i7, 1965) has
identified, the following graptolites:
Monograptus c010nus var. compactus Wood; Mono-
graptus d'lbius (Suess); Honograptus nilssoni
(Barrande); Monograptus cf. M. varians Wood;
Monograptus cf. M. vicinus Perner.

Age: Early Ludlovian (zone 33).
Locality: 66; Field Number: DR 998

Location: .Van Buren ~uadrangle; Van Buren Township;
DR 998 is situated at the top of a ski slope at a
distance of 0.55 miles S 33 W from Keegan.

Fossils: Berry (letter of December 17, 1965) has
identified the following graptolites:
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Monograptus dubius (Suess); Monograptus sp. (of the
M. uncinatus type).

Age: Probably Early Ludlovian (zones 33- 3!J.) •

Locality: 67; Field Number: DR 1000
Location: Van Buren ~uadrangle; Van Buren Township;

DR 1000 is located in'a contour drainage ditch just
a few yards west of a farm road which leaves the
main' gravel road (that runs parallel to Violette
stream northeast of Van Buren) at a distance of
1.1 miles northwest of the intersection at
elevation 524. The drainage ditch is approximately
0.1 mile in on the farm road. This locality is

,outside the area of Plate 1.
Fossils: Berry (letter of December 17, 1965) has

identified,the following graptolites:
Mohograptus colonus cf. var. compactus Wood;
Monograptus nilssoni (Barrande).

Age: Early Ludlovian (zone 33).

Locality: 68; Field Number: DR 1001
Location: . Van Buren Quadrangle; Van Buren Township;

DR 1001 is along a farm road 0.2 miles northeast of
its intersection with the gravel road which paralle]s
Violette stream northwest of Van Buren. The farm
road leaves the main road at a distance of 1.75
miles northwest of the intersection at elevation
524. This locality is outside the area of Plate 1.
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Fossils: Berry (letter of December 17, 1965) has
ideptified the:following graptoli~es:
Monograptus sp. (M. dubius group); Monograptus sp.
(~. chimaera group); Monograptus sp. (M. uncinatus
.type) •

Age: Probably Early Ludlovian (zones 33-34).
Locality: 69; Field Number: DR 1119

Location: stockholm Quadrangle; Stockholm Township;
DR 1119 is located in a small drainage which is
crossed by the paved.road between Route 161 and
Stockholm at a distance of 0.47 miles from Route 161.
The exposure is 0014 miles upstream from the roado

Fossils: Berry (letter of July 27, 1966) has.identi-
-fied the folloHing grapto1i tes:--
Monograptus bohemicus (Barrande); Monograptus
ni1ssoni (Barre-nde).

Age: Early Ludlovian (zones 33-34).
Locality: 70; Field Number: DR 1147

Location: stockholm Quadrangle; New Sweden TOvmsh1
DR 1147 was an exposure .(nowcovered) in a trench
dug in c.o:mection v-.Q. th the remodeling of a home 0

The home is located on the east side of the road
between Jemtland and Stockholm at a distance of
0.20 miles from the road't'sintersection Hith Route 161.

~ossils: Berry (letter of July 27, 1966) has identi-
fied the fOllowing graptolites:



Monograptus colonus cf. var. compactus Wood;
crinoid pla~es and columnals~

Age:
Local~ty:

Early Ludlovian (zones 33-34).
71j Field Number: DR 1196

Location: Stockholm Quadrangle; Westman1and Townshipj
DR 1196 is located along an old farm road which
heads eastward off the road that runs north-south
along the Westmanland-New Sweden township lineo
The exposure is 0.33 miles north of the southern
boundary of the Stockholm quadrangle and'O.14 miles
east of the road.

Fossils: Berry (letter of July 27, 1966) has identi-
fied the following graptolites:
Monograptus colonus cf. var. compactus Wood;
Monograptus sp. (of the M. dubius type).

Age: Probably Early Ludlovian (~ones 33-34).
Locality: 72; Field Number: DR 1270

Location: Stockholm Quadrangle; stockholm Townshipj
DR 1270 is located 0.53 miles N 45 W from the main
intersection in stockholm in a partly cleared field.

Fossils: Berry (letter of July 27, 1966) identified
the following graptolites:
Monograptus colonus var. compactus ~ood; Monograptus
bohemicus (Barrande); Monograptus nilssoni (Barrande);
Monograptus sp. (with thecae similar to those in M.
uncinatus).
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Age: Early Ludlovian (zones 33-34).
Locality: 73; Field Number: DR 1631

Location: stockholm Quadrangle; T17N R3W;
DR 1631 is located 0.94 miles west of the eastern
township line and 1.12 miles north of the southern
line.

Fossils: Berry (letter of F~bruary 16, 1970) has
identified the following graptolites:
Monograptus colonus cf. var. compactus Wood;
Monograptus micropoma (Jaekel)?; Monograptus sp.
(of the M. dubius group)o

Age: Early Ludlovian (zones 33-34.)•
Locality: 74; Field Number: DR 1724

Location: Portage Quadrangle; Perham Township;
DR 1724 is ,located in the west road ditch of Tangle
Ridge Road 1.82 miles south of the railroad crossing
in Hanford.

Fossils: Berry (letter of February 16, 1970) has
identified the following graptolites:
Monograptus sp. (of the ~. co10nus type); Mono-
graptus sp. (of the M. dubius group).

Age: Ear1~ Ludlovian (zon~s 33-34).
Locality:75; Fie1d Number: DR 1727

Location: Portage Quadrangle; Perham Totmship;
DR 1727 is located in the woods on the east slope
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of Tangle Ri~ge. The expos~re is 1.90 miles cast
of the western line and 2.05 miles south of the
northern line of perham TOvmship.

Fossils: Berry (letter of February 16, 1970) has
identified the follovling graptolite:
Monograptus bohemicus (Barrande)

Age: Ludlovian.
Locality: 76; Field Number: EM 411

Location: Caribou Quadrangle; Westmanland TOHnship;
EM 411 is along a gravel road which leaves the
main road at elevation 748 feet about one mile
northeast of Mud Lake in the southeastern corner
of the township'. EM 411 is 1.0 mile west of the
intersection at eJ.evation 74.8 feet.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Monograptus scanicus Tullberg; Monograptus sp.
(of the M. dubius group).

Age: Early Ludlovian (zones 33-34).

Locality: 77; Field Number: EM 412
Location: Caribou Quadrangle; Westmanland Township;

EM 412 is located along the same gravel road as
EM 411, but is 0.20 miles west of ito

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
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Monograptus aff. M. micropoma micropoma (Jaekel);
Monograptus sp. (of the M. dubius group); Mono-
graptus sp. (of the M. uncinatus type).

Age: Probabiy Early Ludlovian (zones 33-34).
Locality: 78; Field Number: EM 413

Location: Caribou Quadrangle;Westmanland Township;
EM 413 is located along the same road as EM 411
and 412, but is 0.30 miles west of EM 4110

Fossils: Berry (letter of Decembe~ 22, '1964) has
identified the following graptolites:
Moriograptus colonus cf. var. compactus Wood; Mono-
graptus varians Wood; Monograptus sp. (of M. dubius
group); Monograptus sp. (of'the M. vulgaris t7pe?).

Age: Early Ludlovian (zones 33-34).
Locality: 79; Field Number: EM 424

Location: Grand Isle Quadrangle; Grand Isle Township;
h~ 424 is behind a cabin located 0080 miles in on a
gravel farm road heading southwest from U. S. Route 1
at a distance of 2.4 miles north of the railroad
crossing in Notre Dameo This locality is outside
the area of Plate 1.

,Fossils: Berry (letter of,December 22, 1964) has
identified the following graptolites:
MonoFraptus co1onus (Barrande); Monograptus forbesi
Berry; HonogrDptus varians ~lood;Nonograptus sp.

448



(of .the ~. colonus group); Monograptus sp. (of
the M. d~bius group)~

Age: Early Ludlovian (zones 33-34).
Locality: 80; Field Number: EM 4.30

Location: Grand Isle Quadrangle; Grand Isle Township;
EM 430 is just to the east of the same farm road as
EM 424 but is situated at a point 1.5 miles from
U. S. Route 1. The exposure occurs .in a drainage
depression at the edge of a field approximately
100 feet from the road. This locality is outside
the area of Plate 1.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Monograptus crinitus Wood; Monograptus scanicus
Tullberg (7); Monograptus sp. (of the M. co1onus
group) •

Age: Probably Early Ludlovian (zones 33-34).
Locality: 81; Field Number: EN 435

Location: stockholm Quadrangle; st. Agatha Tovmship;
EM 435 is very near the southern terminus of the
road along the east shore of Long Lake. The expo-
sure is at a distance of 0.1 miles north of the
southern boundary of the township.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Monograptus nilssoni (Barrande); Monograptus cf.
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M. scanicus Tullberg; Monc~raptus cf. M. dubius
(Sues~); Monograptus cf. M. longus Boucek; Mono-
graptus sp." (of the ~." colonus type).

Age: Early Ludlovian (zones 33-34).
Locality: 82; Field Number: EM 498

Location: Caribou Quadrangle; Westmanland Township;
EH 498 is in a large road-metal quarry 0.3 miles
south of Blackstone Siding. The quarry may be
reached by taking the road which heads south from
the main Blackstone siding road a short distance
east of the siding itself.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Monograptus colonus (Barrande); Monograptus uncina-
tus Tullberg; Monograptus sp. (of the M. dubius
group); Plectograptus macilentus (Tornquist)

Age: Early Ludlovian (zones 33-34).
Locality: 83; Field Number: EM 589

Location: Edmundston Sheet (East Half); st. Ann
Parish;
EM 589 is 0.40 miles in along a lumber road which
intersects the major gravel road heading northeast
from "Theriault Station, N. B., at a distance of
2.28 miles from Route 2. The tote road heads in
a northwesterly direction from its intersection
with the main gravel road. The exposure is a
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p~vement surface in the road. This locality is
outside the .area of Plate 1.

Fossils: Berry (letter of December 22, 1964) ha~
identified the following graptolites:
Monograptus cf. M. colonus (Barrande); Monograptus
colonus yare comp~ctus Wood; Monograptus colonus
cf. var. compactus Wood; Monograptu~ nilssoni
(Barrande)?

Age: Early Ludlovian (zones 33-34).
Locality: 84; Field Number: EM 590

Location: Edmucdston Sheet (East Half); st. Anne
Parish;
EM 590 is located just beyond EN .591 to the northHest
but along the same road. This locality is outside
the area of Plate 1.

Fossils: Berry (letter of December 22, 19h4) has
identified the following graptolite:
Monograptus scanicus Tullberg.

Age: Early L'ldlovian (zones 33-3L~).

Locality: 8.5;Field Number: EM 659
Location: Van Buren Quadrangle; Van Buren Township;

Douglas Smith (letter of March 6, 1964) collected
fossils from an exposure (Field No. 1101) west of
Van Buren. The outcrop is located 2.8 miles due
west of the main intersection in Van Buren (U. S •
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Route °1 and Bridge street which crosses the
st. John River Into Canada) and 2.25 miles north
of the southern boundary of the Van Buren Township.
This locality is outside the area of Plate 1.

Fossils: Berry (letter of December 22, 1964) has
identlfied the following graptolites:
Monograptus uncinatus Tullberg; Monograptus sp.
(of the ~. chimaera group); Monograptus sp. (of
the M. dubius type).

Age: Early Ludlovian (zones 33-34).
Locality: 86; Field Number: EM 765 and EM 765B

Location: Grand Falls Sheet (wesb Half), New
Brunswick; st. Anne Parish;

oEM 765 and 765B are both located in a road cut
along the ,newly constructed ROtlte 2 in New 'Bruns-
wick. The exposure.was made at the point where
Route 2 crosses the St. Anne-St. Leonard Parish
line 1.7 miles from the intersection of Routes 2
and 17 in st. Leonard. This ~ocality is outside
the area of Plate 1.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
EM 765 Monograptus colonus cf. var. compactus Wood;
Monograptus dubius cf. var. 1ud10wensis (Boucek);
Monograptus sp. (of the M. colonus group); Mono-
graptus nilssoni (Barrande).
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EM 765B Monograptus sp. (of the M. colonus group);
Monograptus sp. (of the M. dubius group).

Age: Early Ludlovian (zones 33-34).
Locality: 87; Field Number: EM 766

Location: Grand Falls Sheet (West Half), New Bruns-
wick; st. Leonard Parish;
EM 766 is situated in the same road cut as EM 765
but is 138 feet east of EM "765. This locality is
outside the area of Plate 1.

Fossils: Berry (letter of December 22, 196tl") has
identified the following graptolites:
Monograptus colonus cf. var. compactus Wood;
Monograptus uncinatus Tullberg; ~onograptus sp.
(of the M. dubius group); Monograptus sp. (of the
M. vUlgaris group?).

Age: Ear~y Ludlovian (zones 33-34).
Locality: 88; Field Number: SH 125

Location: stockholm Quadrangle; Stockholm Township;
SH 125 is along the main north road leading north

.from th~ village of Stockholm at a distance of 1.15
miles from the railroad crossing in Stockholm.

"Fossils: Boucot (letter of November 9, 1964) has
identified the following fossils:
Plectatrypa (1) sp.j Leangella sp.; Glassia (?);
rhynchonellidj pentamerinid; Isorthis (?) sp.;
Dalejina (?) sp.
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Age: Boucot places this assemblage in the span C3
of the Llandoverian to Wenlockian.

Locality: 89; Field Number: SH 168
Location: stockholm Quadrangle; stockholm Township;

SH 168 is in a field a distance of 0.60 miles N 18 W
of the railroadc~ossing in stockholm. This local~ty
is at the base of the water-laid tuff sequence which
forms a "marker bed" within the Jemtland Formation
in the stockholm area.

Fossils: Boucot (letter of November 9, 1964) has
identified the following fossils:
Linoporella (?) sp.; Conchidium (?) or Rhipidium
sp.; eospiriferid.

Age: Boucot states that fiSH 168 is of '.lenlcckian or
Early Ludlovian age; more likely Early Ludlovi.an as
it contains a specimen of Conchidium or Rhipidium.

Locality: 90; Field Number: SH 169
Location: stockholm Quadrangle; Stockholm Township;

SH 169 is in a field 0.65 miles N 23 W of the
'railroad intersection in Stockholm. It is strati-
graphically below SH 168.

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolite:
Monograptus n. sp. (of the M. dubius group--slender,
low thecae inclination and count.)
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"Age: Berry states that uI'1onograptidsof the :f\1.

dubius type that are small and have low thecae
counts are known to occur in the span Late
Llandovery-"tlenlock in Europe. It

Locality: 91; Field Numb~r: SH 191
Location: stockholm Quadrangle; stockholm Township;

SH 191 is 1.05 miles north of the railroad crossing
in the village of stockholm along the main north-
south road on the west flank of stockholm Mountaino

Fossils: Berry (letter of December 22, 1964) has
identified the following graptolites:
Monograptus sp. (of the M.dubius group); Mono-
graptus sp. (robust rhabdosomes with 'plain thecae):
Monograptus sp. (with uncinate thecae).

Age: Berry states: "Could be in the span of Late
Llandovery to Ludlow--monograptids with plain
thecae and large robust rhabdosomes are commonly
found in the Ludlow and so, too, are monograptids
with thecae that appear uncinate, thus the age of
the beds bearing this collection would appear more
possibly to be Ludlow ••••"

Locality: 92; Field Number: LW 2
L06ation: stockholm Quadrangle; Stockholm Township;

LW:2 is locat~d along road heading due east from
Stockholm and onto Stockholm Mountain. The outcrop
1s1.4 miles east of stockholm.
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~ossils~ Ber~y (letter 'of July 9, 1965) has
. .identified the following graptolites:

Monograptus sp. (of the M. colonus type); Mono-
graptus sp. (of the ~. dubius group).

Age: Probably Early Ludlovian (zones 33-34).
Locality: 93; Field Number: LW 36

Location: stockholm Quadrangle; stockholm Township;
LW 36 is 0.20 miles south of the east-west road to
California at a point 0.48 miles east of the Snake
Brookcrossingo

Fossils: Berry (letter of December 17, 1965) has
identified the following graptolites:
Monograptus cr.M. scanicus TUllberg; Monograptus
sp. (of the M. dubius type?).

Age: Probably Early Ludlovian (zones 33-34).
Locality:94; Field Num~er: LW 87

Location: stockholm Quadrangle; stockholm Township;
LW 87 is in a farm field 0.3 miles east of a point
on the main north-south road between Stockholm and
Snake Brook a distance of 1.50 miles north of the
railroad crossing in Stockholmo

Fossils: Berry (letter of December 17, 1965) has
identified the following graptolites:
Monograptus cf. ~. dubius (Suess); Monograptus sp.
(M. tmcinatus type); Monograptus sp. (plain thecae)o

Age: Possib~y Early Ludlovian (zones 33-34)0
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Locaiity: 95; Field Number: LW 113
Location: stockholm Quadrangle; Sto~kholm Township;

LW 113 is in the fields approximately 500 feet aast
of a position on the main north-south road in
stockholm which is 0.30 miles north of the rail-
road crossing in the village.

Fossils: Berry (letter of December 17, 1965) has
identified the following graptolites:
Monograptus dubius cf. var. thuringicus Jaeger;
Monograptus cf. M. uncinatus Tullberg.

Age: Probably Early Ludlovian (zones 33-34).
Locality: 96; Field Number: LH 190

Location: Caribou Quadrangle; Westmanland Township;
LW 190 is located along the north-south road which
crosses the west flank .of Fogelin Hill. The
outcrop is 1.0 miles north of the Westmanland Schoolo

Fossils: Berry (letter of December 17, 196?) has
identified the following graptoiites:
Monograptus cf. ~. micropoma (Jaekel); Monograptus

.sp. (plain thecae).
Age: Probably Early Ludlovian (zones 33-34)0

The following seven fossil localities are important
in the dating of the Jemtland Formation but have not
been visited by the writer. All data given below are
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presented by Berry (1964) and/o~ Boucot, et ale (1964).
Field numbers are those used by Boucot and otherso

Locality: 97; Field Number: B-2 (ltDFtI of Berry, 1964)
.Location: Presque Isle Quadrangle; Chapman Township;

Locality B-2 is at the crest of a hill on the Dean
Farm 1.9 miles east of the western border of
Chapman township and 0.15 miles south of the
northern border of the towns~ip.

Fossils: Berry (1964) and Berry (in Boucot, et a1.,
1964) identified the following graptolites:
Monograptus chimaera (Barrande); Monograptus colonus
var. compactus Wood; Monograptus dubius (Suess);
Monograptus forbesi Berry; Monograptus nilssoni
(Barrande.); Monograptus cf. M. scanicus Tullberg;
Monograptus tumenscens var. contus Berry; Mono-
graptus cf. M. vicinus Perner; Monograptus sp. ~;
Monograptus uncinatus var. microDoma.

Age: Early Ludlovian (zone 33).
Locality: 98; Locality Number: E-S

Location: Presque Isle Quadrangle; Chapman Township;
Locality E-5 is at the crest of a low hill 1.6
miles east of the western border of Chapman Town-
ship and 0.7 miles south of the northern border of
the townsl:lip.'

Fossils: Berl"y (in Boucot, et al., 1964> has identified.
the followi~g graptolites:
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Monograptus colonus; Monograptus dubius; Mono-
graptus sp.

Age: Early Ludlovian (zones 33).
Locality: 99; Field Number: E-9

Location:' Presque Isle Quadrangle; Presque Isle
Township;
Locality E-9 is on'the northeast side of the
Spragueville road at Lamson Brook approximately
0.5 miles west of the village of Spragueville.

Fossils: Berry (in Boucot, et al., 1964) has identi-
fied the following graptolites:
Monograptus colonus {Barrande)r Monograptus cf. M.
dubius (Suess); ,Monograptus forbesi Berry; Mono-
graptus scanicus Tullbergj Monograptus sp. (see
Berry, 1960, p. 1161, fig. D); monogra ptid of
type III.

Age: Early Ludlovian (zone 33).
Locality: 100; Field Number: A-8 (Locality "CStl of

Berry, 1964)
Location: Presque Isle Quadrangle; Chapman Township;

Locality A-8 is on the southeast slope of a promi-
nent hill about 0.5 miles east 'of the western border
of the Chapman Tovm'ship and about 0.7 miles south of
the northern boundary of the tovmship.
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Mapleton and 0.4 miles SOQth of the road from
Mapleton to the north slopes of Pyle Mountain.

Fossils: Boucot examined fossils collected by
Cloud and identified the genus (Conchidium as
present. (Boucot, et al., 1964).

Age: Ludlovian.

Fogelin Hill Formation
Locality: 103; Field Number: DR 349

Location: Portage Quadrangle; Perham TO\Vl1ship;
DR 349 is on the road heading south from Hanford
(Tangle Ridge Road) at a distance of 0.52 miles
south of the railroad crossing in Hanford. The
outcrop is on the south side of the road.

Fossils: Berry (letter of January 5, 1969) has
identified the following graptolite:
Monograptus sp. (fragments of a monograptid with
uncinate thecae)

Age: "In the span of Ludlow-Siegen. This may be a
member of the M. hercynicus group; if so, then the

.rock is Early Devonian in age.l1

Locality: 104; Field Number: DR 653
Location: stockholm Quadrangle; stockholm Township;

DR 653 is a road cut at the cemetery on the main
north-south road between Stockholm and Jemtland.
The road cut is 0.75 miles south vf the railroad
crossing in stockholm.
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Fossils: Berpy. (letter of December 17, 1965) has
identified the following graptolite:
Monograptus sp. (M. uncinatus type?)

Age: Ludlovian-Early Devonian.
Locality: 105; Field Number: DR 656

Location: Stockholm Quadrangle; New SHaden Township;
DR 656 is located just west of the main road
between stockholm and'Jemtland at a distance of
1.8 miles south of the railroad crossing in
Stockholm.

Fossils: Berry (letters of July 9, 1965 and
February 16, 1970) has identified the following
graptolites:
Monograptus cf. ~. co1onus (Barrande); Monograptus
cf. M. varians Wood; Monograptus sp. (of the M.
colonus type}; Monograptus sp. (of the M. dubius
group) •

Age: Probably Ludlovian and possibly Early Ludlovian.
(zones.33-3L~) •

Spragueville Formation
Locality: 106; Field Number: DR 573 (E-IO of Boucot,

e tal., 1964)
Location: Presque Isle Quadrangle; Mapleton To~mship;

DR 573 is a large road cut on the south side of
Route 163 at a distance of 1.05 miles east of the
railroad crossing in Mapleton •
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FORsils: Boucot, et ale (1964) and B0UCot (letter
of April 9," 1970) re por.t.the following forms as
coming from this exposure (identification by
BOl.lcot,\~hittington, Berdan, and Neuman):
Trilobite: Portlockia
Bra.chiopods: Atx:ypa IIreticularis"; Dale jina sp.;
Glassia sp.; Howe11ella sp.; Leptaena "rhomboidali~rr;
Mesopholidostrophia sp.; Nucleospira sp.; Plecto-
donta sp.; Resserella sp.; orthotetaceid, indet.;
rhynchonellid, indet.;
Ostracods: Zygobolba inflata Ulrich and Bassler;
Apatobolbina sp.; Bolbineossia sp.

Ag~: The ostracods indicate n C3 - Os age for the
strata. The brachiopod assemblage is of wider
range (03 - Ludlow); t~e best age for.the beds
at DR S73 is, therefore, C3 - CS' (Boucot, et al.,
196!~)•

Locality: 107; Field Number: MR 210. (Locality 2 of
Pavlide s, 1968)

Location: Fort Fairfield Quadrangle; FortFairfield
Township;
MR 210 is located in a small drainage west of
Nadeau Pond at a distance of 1.71 mi~es south of
the northern township line and 0.58 miles west of
the u. S.--Oanada international boundary. This
locality is outside the area of Plate 1.
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Fossils: Ber~J has identified the following
grap'tolites (Pa~lides, .1968):

Climacograptus cf. c. scalaris var. miserabilis
Elles and Wood; Monograptus communis (Lapworth);
Rastrites cf. ~. approximatus approximatus (Perner).

Age: Zone 19 or 20 of the Llandoverian (Pavlides,
1968) •

~SILURIAN AND EARLY DEVONIAN (?)

Sandsto~e and Slate
(Ashland Area)

Locality: 108; Field Number: DR 777. (USNM: 12161)
Location: Ashland Quadrangle; Ashland To~~shipj
.DR 777 is in the south road ditch of Route 227 in

Ashland 0.30 miles eest of the intersection of
Routes 11 and 227. Fossils occur in a light green,
calcareous, coarse grained, micaceous mudstone.

Fossils: Boucot (letter of October 25, 1965) iden-
tified the following fossils:
Coelospira cf. saffordi; Isorthis aff. I. arcuaria
(Henryhouse type )•

.Age: Ludlovian.
Locality: 109; Field Number: DR 609

Location: Ashland Quadrangle; Ashland TOHnship;
DR 609 is along Route 163 at a point 2.62 miles
east of the intersection of Routes 163 and 11 in

'464



Ashland. The outcrop is A small road cut on the
south side of the road.

Fossils: Forbes and Berry collected graptolites
which have been identified by Berry (letter of
January 5, 1970) as. follows:
Monograptus colonus cf. var. compactus Wood;
Monograptus sp. (of the M. dubius type).

Age: Early Ludlovian.
Locality: 110; Field Number: DR 882 (USNM: 1~165,

17326, 17327)
Location: Ashland Quadrangle; Ashland TOHnship;

DR 882 is from a conglomeratic mudstone sequence
'exposed in a gravel pit located just south of
Route 163 3.70 miles east of the intersection of
Routes 163 and 11 in Ashland.

Fossils: Boucot (letter of December 8, 1969) has
identified the following fossils:
Ressere11a sp.; Stricklandia sp.; Pentamerus sp.;
corals.

Age: According to Boucot this assembiage is of
Late Llandoverian ageo

Early Devonian Localities ,in the
Ashland~. Portage and stockholm Quadrangles

Locality: 111; Field Number: DR 784

Locat.ion: Ashland Quadrangle; Ashland TOHnship;
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DR 784 is a +imestone exposure behind Michaud's
Resta~rant on the east side of Main street
(Route 11) in the village of"Ashland.

Fossils: Klapper (letter to Boucot"dated November 7,
1966) has identified the following conodonts:
Icriodus woschmidti; Suathognathodus remscheidensis;
Spathognathodus aff. S. n. sp. Q.

Age: Gedinnian (Early Devonian)
Locality: 112; Field Number: DR 1635 (USNM: 13033)

Location: Ashland Quadrangle; Ashland Township;
DR 1635 is 0.47 mile~ S 34 W from the intersection
~f Routes 163 and 11 in Ashlando The outcrop is
in a field on the George Howe Farm.

Fossils: Boucot (letter of October 27, 1966) has
identified the following fossils:
Meristella sp.; pe~ecypods; Megakozlo,~skiella sp.;
trilobite; gastropod; corals; unidentified brachio-
pods.

Age: Middle or Upper Helderbergian age as indicated
by the presence of Megak?zlowskiella.

Locality: 113; Field Number: DR 1653 (USNM: 13035)
"Location: Ashland Quadrangle; Aihland Township;

DR 1653 is 0.23 miles N 36 E of the intersection
of Routes 11 and 227 in Ashland. The exposure "is
in a farm field.
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Fossils: Boucot (letter of October 27, 1966) has
identified the fo11o,dng fossils:
Dalejina sp.; Megakoz1owskie11a sp.; Eatonia sp.;
Levenea sp.; Meristel1a sp.; Atryna ftreticularis";
Leptaena urhomboida?-lislt; Leptostrophia sp.;
Strophonel1a punctulifera; Mesophonella punctu-
lifera; Mesodouvi11ina sp.; coral.

Age: Middle o~ Upper Helderbergian age as indicated
by the presence of Megakozlowskiella, Strophonella
punctulifera and Levenea.

Locality: 114; Field Number: EM 136 (EM 238, TF 221)
Location: Portage Quadrangle;. Portage Lake Township;

EM 136 is a road cut and and ditch. on the east side
of ,Route 11 2.05 miles north of Buffalo cemetery
and 0.9 miles south of the north line of Portage
.Lake T o\v-nship •

Fossils:' Berry (letter of October 28, 1963) has
identified the fol1.owins grap tali te:
Mbnogr~ptus microdon silesicus

Age: Early Devonian; Monograptus praehercynlcus Zone
in Germany and Czechoslov~kia.

Locality: 115; Field Number: .EM 514~
Location: stockholm Quadrangle; Madawaska Township;

EM 514 is on the east side of the road 1.9 miles
due south of Lavertue and approximately 2 miles
north of Francks camp all Long Lake.
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Fossils,: Berry (letter of December 22, 1964.)
identified the .follot-li'nggraptolites:
Monograntus afr. M. micropoma micropoma (Jaekel);
Monograptus sp. (of theM. microdon type); Mono-
gra~tus spp. (new species of the M. uncinatus
type); plant fragments.

Age: In the span of'the Ludlovian to Early Devonian.
Locality: 116; Field Number: EM 811

Location: Portage Quadrangle; T14~ R6W;
EM 811 is at the side of a lumber road of the
Pinkham Lumber Co. that goes from Route 11 to
Moose Mountain; the exposure is 1.15 miles west of
the \'lostBranch of Beaver Brook and 1.3 miles east
of Route 11.

Fossils: Berry (letter of December 22, 1964) has
"identified the following graptolite:
Monograptus microdon microdon Richter?

Age: Probably Early'Devonian.
Locality: 117; Field Number: EM 815

Location: Portage Q,uadr-angle;T14N R6vT;

EM 815 is at the side of a lumber road of the
Pinkham Lumber Co. that goes from Ro~te 11 to
Moose Mountain; the exposure is 0.85 miles east
of Route 11.
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Fossils: Berry (letter of December 22, 1964) has
identified the following graptolite:
Monograptus sp. (biform thecae--uncinate proximally
and tubular distally--short and slender--possibly
new) •

Age: "Monograptids with this thecal form are re-
stricted in their range to beds of.Early Devonian
age. The incoming of this kind of monograptld is
taken as denoting the Siluro-Devonian boundary in
Europe by Jaeger. On this basis, the age indicated
for these beds is Early Devonian."

Locality: 118; Field Number: EM 856
.Location: Portage Quadrangle; T13N R61:lj

EM 856 is along an old tote road which heads north-
east from the village of Portage. The exposure is
2.56 miles from Route 11 and 0.46 miles N 74 W from
the confluence of the East and West Branches of
Beaver Brook.

Fossils: Brower (letter of September 11, 1967) has
identified the crinoid:
Scyphocrinites •

.Age: Late Silurian or Early Devonian.
Locality: 119; Field Number: EN 1529 (USNN: 17007,

17008)
Location: Ashland Quadrangle; Ashland Township;
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EM 1529 was ~n exposure in the basement excavation
-for 'the Laveck home in Ashland located about 1800
feet N 52 E from the intersection of Routes 11 and
227. The exposure is now covered.

Fossils: BO!lcOt (letter of January, 1968) has
identified the following fossils:
Megasa1opina? sp.; Megakozlowskiella sp~; Stropho-
nella cf. punctulifera; Levenes sub~arinata;
Meriste11a sp.; Orthostrophia sp.; Dalejina sp.;
Nuc1eospira sp.; dalmanellids; corals; trilobite;
unidentified brachiopodso

~ge: Middle or Upper Helderbergian age as shown by
the presence of Megakozlowsklella, Strophonella cf •

.punctulifera, and Orthostrophia.
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