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GEOLOGY OF SOUTHERN YORK COUNTY, MAINE

Arthur M. Hussey II

INTRODUCTION

This investigation was undertaken to provide a better under-
standing of the bedrock geology of southwestern Maine, giving
special attention to the northeast extension of the mid-lower
Paleozoic sequence developed in New Hampshire. The area dis-
cussed in this report includes approximately 450 square miles
of the southern half of York County extending from Acton,
Sanford, Alfred, Lyman, and Saco on the north to Kittery and
Eliot on the south (Figure 1). The area is covered by the Dover,
York, Berwick, Kennebunk, and Biddeford 15’ topographic quad-
rangles. This report is based on three seasons of field work.
The first season, during the summer of 1958, involved a recon-
naissance of the whole area with the purpose of outlining the
broad geologic features. The second season during the summer
of 1959 was spent in detailed investigation of two small basic
igneous complexes at Cape Neddick in York, and the Tatnic Hills
in Wells and South Berwick. General mapping was also done to
outline more clearly the areal distribution and structure of the
metasedimentary formations. In 1960 detailed investigations
were conducted on a third basic complex in the town of Alfred,
and the geology of parts of the general map area not visited dur-
ing the previous field seasons was completed. In addition, the
regional field mapping was extended into the Portland and Bux-
ton quadrangles, north of the Biddeford and Kennebunk quad-
rangles respectively. This part of the investigation is not com-
plete and will be continued in future field seasons.

Because of the large area covered, much of the geology of the
metasediments is generalized. Future field seasons will be de-
voted to detailed investigations in the area discussed in this
report. Although such detailed investigations may result in
revision or even rejection of some of the relationships and ideas
presented here, it is felt that the information obtained to date
should be reported.



Previous Work in the Area. The earliest investigation of the
—0° geology of this area was made in brief reconnaissance in 1836
by C. T. Jackson. In his Report on the Geology of Maine (Jack-
son, 1836), he made brief notations of the igneous' rocks and
metasediments in southern York County.

C. H. Hitchecock (1861) made brief references to ‘“ranges of
mica schist” in York County, which, according to his descriptions
of the locations, must be correlative with the Berwick, Kittery,
and Eliot formations. He commented briefly on granites at Bid-
deford and Kennebunk (presumably Kennebunkport or Arundel) ;
and on a syenite at Wells, Mt. Agamenticus, and Cape Neddick

5 (which according to his definition is a hornblende granite rather
than micaceous granite). He commented on the abundance of
trap dikes associated with the metamorphosed slates and mica
schists, in particular on the relationships of the dikes at Bald
Tlead Cliff in York where he recognized three different ages
based on cutting relationships. In general his observations, along
with those of Jackson, can be used only as very rough guides to
the geology of this area and no further mention of these earlier
studies will be made.

Katz (1917) made a reconnaissance investigation of the
stratigraphy of southwestern Maine and adjacent parts of
southeastern New Iampshire, and commented briefly on the
igneous rocks of the region. Discussion of his work will be pre-
sented later. Wandke (1922 a, b) described the petrology and
general geologic setting of the igneous rocks of the Portsmouth
basin, including the Cape Neddick gabbro complex, biotite granite

- a5°

Al a (P v of the Wells-South Berwick area, and the alkaline complex at

(v p! York. Haff (1939, 1941, and 1943) described the relationships

Index to gquadrangles of solitary and multiple dikes of the Cape Neddick area and pre-

é-_ Egm&kunk sented certain observations on the alkaline granite at York Beach

EkiAT 2—_%{ijdvzéer€0rd and the gabbro at Cape Neddick. Keeley (1914, 1923) published
5-York brief notes on the petrographic character of certain dikes near

Ogunquit. Powers (1915), in his studies on the origin of in-
clusions in dikes, described one prominent inclusion-bearing dike
between Perkins Cove, Ogunquit, and Bald Head Cliff, York.
0 25 50 miles Woodard (1957) described the petrographic relations of inclusion-
; bearing members of the York alkaline complex and presented
observations on the general bedrock geology of this area.

le—_Area of Plate | (stippled portion colored)

Ficure 1. Index map of southern York County, Maine.
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Investigations of the glacial and post-glacial geology have keen
made by Stone (1899), Clapp (1907), Katz and Keith (1917),
Katz (1918), Antevs (1928), Perkins (1930), Leavitt and Per-
kins (1934, 1935), Lougee (1950), Hussey (1959) and Bloom
(1960).

Topography and Drainage. The southern York County area lies
partly in the Seaboard Lowlands section and partly in the New
England Uplands section (Fenneman, 1938). The Seaboard Low-
lands section is characterized by low relief and altitudes that
range from sea level to about 300 feet at its northwestern edge.
The surface of this section slopes uniformly toward the ocean
with the exception of the areas underlain by the Tatnic complex,
the York alkaline complex, and parts of the quartz monzonite of
the Wells-South Berwick area. These igneous rock complexes
underlie areas of distinctly higher elevation than the flanking
metasediments. Mount Agamenticus and the attendant Second
and Third Hills to the northwest are conspicuous hills rising
above the general surface (Figure 2). Between Sanford and the
Bald Hill area in Wells the surface has an average slope less than
20 feet per mile and is underlain by outwash sand.

Ficure 2. View of Mount Agamenticus and the Seaboard Lowlands sec-
tion looking southwest from Kennebunkport.
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FIGURE 3. General view across the Seaboard Lowland in the northwest-
ern part of Wells, looking northwestward toward the higher areas of the
New England Upland, dominated by Bauneg Beg Mountain in the center
background.

The New England Uplands section is characterized by a gener-
ally hilly, maturely-dissected topography ranging in elevation
from about 300 feet to 900 feet. Slopes of the hills are locally
steep and in some instances cliffed. The most prominent hill in
this section is Bauneg Beg Mountain (elevation 866 feet) close
to the margin of the Uplands section (Figure 3).

The transition between the two physiographic sections is
rather abrupt and distinet from the vicinity of Bauneg Beg
Mountain northeastward through Sanford to the Alfred area.

North of Alfred there is no marked distinction between the two,

the Lowlands section giving way gradually to the Uplands
section.

Both sections have been glaciated, resulting in the deposition
of an extensive cover of glacial drift. After the retreat of Wis-
consin ice, the Lowlands section and deeper valleys of the Up-
lands section experienced a period of submergence as a conse-
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quence of which marine silts and clays were deposited and added
to the surficial cover of the bedrock. Because of the glacial and
post-glacial deposition, exposures of bedrock are rather limited
throughout much of the area. The best exposures are found
near the coast where much of the clay and drift was apparently
swept away in the late stages of post-glacial submergence. The
surficial geology of this area has been extensively studied by
Bloom (1960) and further discussion will not be given here.

The major rivers of the area are the Saco River, which heads
in the Presidential Range in New Hampshire ; the Mousam River
heading in the Shapleigh, Maine, area; and the Salmon Falls-
Piscataqua River system, heading in the Sanbornville, New
Hampshire, area. These three rivers all flow southeasterly.

Two of the three major plutonic bodies form effective barriers
to through flowing drainage. In the area underlain by the Web-
hannet pluton and Agamenticus complex (Figure 11), there are
no major through-flowing streams with the exception of Merri-
land River in Wells. Streams on the east side of the pluton are
generally short and empty directly into the Atlantic Ocean.
Those on the west side all drain into the Great Works River, a
tributary to the Salmon Falls River. Very little of the drainage
of the west side is carried around the northern end of the pluton.

The Biddeford pluton appears also to have exerted an impor-
tant influence on the evolution of the drainage in the area that
surrounds it. As with the Webhannet pluton, no through-flowing
streams cross the Biddeford pluton. Northwest of Biddeford,
the Saco River follows a southerly course heading directly toward
the pluton, but within 1/3 of a mile of the contact it abruptly
changes its course to the southeast and flows parallel to the edge
of the pluton until it empties into the ocean at Biddeford Pool.
In general, the drainage pattern of streams heading within the
pluton is radial.

In contrast, the Lyman pluton does not appear to have exerted
much control on the major drainage. Both the Main Branch
Mousam River and Middle Branch Mousam River cut directly
across the pluton as do two other streams north of the map area.
The Middle Branch Mousam River also cuts directly across the
noritic gabbro member of the Alfred complex.

12

METAMORPHIC ROCKS

General Statement

The metamorphic rocks of southern York County, Maine, and
adjacent parts of southeastern New Hampshire are divided into
the Rye, Kittery, Eliot, Berwick, Gonic, Rindgemere, and Towow
formations. All of these metamorphic rocks are of sedimentary
origin with the exception of the upper part of the Rye formation
which is in part of voleanic origin. These seven formations form
what is tentatively regarded as a conformable sequence with
the Rye formation at the base and Towow formation at the top
of the column. They occupy slightly more than half of the
mapped area.

The first attempt to subdivide these metamorphic rocks and
to determine their stratigraphic relationships and distributions
was made by F. J. Katz (1917). He established the names
“Kittery quartzite,” “Eliot slate,” and “Berwick gneigs” which
are now referred to as formations rather than by lithology; and
he established the names “Gonie formation” “Rindgemere forma-
tion,” and “Towow formation” which are.used in this report.
He distinguished another formation which he called the “Al-
gonkian complex.” He assumed that this was of a greater age
than the surrounding formations with the exception of the Ber-
wick gneiss because of a greater degree of metamorphism.
Wandke later referred to this as the “Rye gneiss,” and it is now
called the “Rye formation” by Billings (1956) and other workers
in New Hampshire.

Katz regarded the Berwick gneiss and Algonkian complex as
Precambrian in age on the basis of the presumed greater degree
of metamorphism. He assigned an age of Pennsylvanian(?) to
the Kittery and Eliot formations on the basis of correlations with
rocks supposedly of Carboniferous age near Worcester, Massa-
chusetts. He regarded the Gonie, Rindgemere, and Towow for-
mations as equivalent to the Eliot formation.

) As a result of recent investigations in New Hampshire, Bill-
ings (1956) assigns an age of Ordovician (?) to the Rye forma-
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tion, Silurian to the Kittery, Eliot, and Berwick formations, and
Early Devonian to the Littleton formation, which is the equiv-
alent of the Gonie, Rindgemere, and possibly Towow formations
of this report. The reader is referred to Billings (1956, pp. 99-
105) for a discussion of the correlations.

At the northern edge of the map (Plate I) in the vicinity of
the Biddeford pluton, the position of the Eliot formation is occu-
pied by formations which Katz assigned to the Casco Bay group.
He regarded the Eliot formation as equivalent, at least in part,
to the Casco Bay group. Although the Casco Bay group is pres-
ent at the edge of the map area, the limited areal extent of the
formations of that group does not warrant discussion in this
report.

In the following section, discussions of the lithologies of the
formations are based on megascopic hand specimen examination.
Only a few samples were sectioned for microscopic examination,
and consequently, complete tabulations of the mineralogy of the
formations cannot be given at the present. The writer feels that
the metasediments are most reliably divided into formations on
the basis of gross lithologic appearances and general appearance
of primary sedimentary structures and secondary metamorphic
structures as seen in outcrop and in hand specimen. Since prob-
lems of the regional metamorphism were not a primary goal of
this study, microscopic examination of the different rock types
was not undertaken.

Rye Formation

Introductory Statement. The rocks assigned to the Rye forma-
tion by Billings (1956) are essentially the same as those assigned
by Katz (1917) to the Algonkian complex, and by Wandke
(1922a) to the Rye gneiss. They crop out typically in the town of
Rye, New Hampshire. Katz's map shows a continuation of these
rocks onto Gerrish Island in the very southern tip of Maine.

Billings (1956) distinguishes two members of the Rye forma-
tion in New Hampshire — a lower metasedimentary member and
an upper metavolcanic member. The lower metasedimentary
member is a feldspathic mica schist with garnet or sillimanite
depending on the particular metamorphic zone, and is exposed in
a belt about 2 miles wide and 12 miles long along the coast of

14

New Hampshire, The upper metavolcanic member lies in the
garnet zone and consists of medium-grained amphibolite and fine-
grained biotite gneiss. This member crops out in a belt approxi-
mately 2 miles wide northwest of the metasedimentary belt.
The amphibolite is interpreted by Billings as represeﬁting meta-
morphosed andesites or basalts and the biotite gneiss as repre-
senting metamorphosed soda rhyolite.

From the present field work it was determined that the upper
metavoleanic member of the Rye formation occurs in the south-
ern 34 of Gerrish Island in Kittery, but that the lower metasedi-
mentary member is not present. Most of the rocks of the meta-
volcanic member on Gerrish Island belong to what Billings has

referred to as biotite gneiss. Amphibolite occurs only on the
south-southeastern tip of the Island.

Lithology. The acidic portion of the metavolcanic member on
Gerrish Island is variable. The most characteristic phase is a
very leucocratic, finely to coarsely porphyroblastic gneiss com-

EI:IIGURE 4. Details of coarsely porphyroblastic biotite—feldsp‘ar gneiss of
T.x.ie upper metavolcanic member of the Rye formation, southwestern Ger-

sh Island, Kittery. The largest porphyr i ife i
>.a-ppr0xin1at'e1y Y o porphyroblast beside the pen knife is
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posed mostly of potash feldspar set in a fine-grained to aphanitic
groundmass. Figure 4 shows the typical development of porphy-
roblasts, some up to 2” long, in one of the coarsely p‘orphyro—
blastic, biotite-rich layers. Interbedded with the gneisses are

-, ek B

i i i he Rye formation,
FI1qure 5. Typical exposure of acid vplcanlcs of t ] on,
southwestern Gerrish Island, Kittery. Lighter bands are porphy}oblab’fuc
biotite-feldspar gneisses representing metamorphosed rhyolitic pyro-
clastics. Darker bands are mostly feldspathic biotite schists and some
feldspathic biotitic quartzites.

16

thin units of fine-grained biotite quartz phyllite and schist and
feldspathic biotite quartzite. The thin, interbedded nature of
these phases such as is shown in Figure 5 suggests that the se-
quence before metamorphism consisted mostly of tuffaceous,
waterlaid acid volcanics interbedded with submature land-washed
sediments, probably derived from voleanic terrains.

At the very south-southeastern tip of Gerrish Island, and pre-
sumably underlying the acidic volcanics is a very limited ex-
posure of fine-grained, strongly banded to laminated, feldspathic
amphibolite, which is probably the equivalent of the medium-
grained amphibolite of New Hampshire. Numerous pegmatite
lenses occur in this amphibolite. They are generally concordant
to, but locally transect the laminations as shown in Figure 6.

In addition to these rock types which have their counterparts
in New Hampshire, two additional minor units, not previously
noted, are exposed on Gerrish Island. At the southwestern tip

Figure 6. Thinly laminated amphibolites, representing metamorphosed
equivalents of basic pyroclastics, southeastern Gerrish Island, Kittery.

umerous lens-shaped pegmatites within the amphibolite are generally
parallel to the lamination, but locally transgress it as shown in the lower
edge of the photograph.

17



of the island, thinly laminated, very fine-grained marble about
10-15 feet thick and dark gray pyritiferous, carbonaceous biotite
schist of unknown thickness are exposed. The limited exposures
of these two units suggest that they occupy the crest of a minor
anticline within the Rye metavolcanic member, with the marble
overlying the carbonaceous biotite schist. The marble is over-
lain by the acid volcanics. The marble and graphitic biotite
schist must also be underlain by the acid voleanics, because, fur-
ther to the southeast and presumably up dip, acid volcanics are
in contact with the amphibolite. Unfortunately, the only ex-
posure of these two minor units is separated from outcrops of
the acid volcanics by rather long expanses of sand along shore,
and swamp or glacial drift inland. A minor syncline southeast of
the anticline is inferred in order to bring these two units above
the present erosion surface before the next exposures of the acid
volcanics about 800 feet to the southeast.

The acid voleanics appear to grade upward into less feldspathic
and porphyroblastic gneisses and eventually into biotitic quartz-
ites, actinolitic quartzites, and biotite phyllites typical of the
Kittery formation. However, along the western portion of the
contact there is a zone which appears to be highly sheared but
not noticeably brecciated. This zone, approximately 15-20 feet
thick, is parallel to the bedding and is found only on the western
side of the island. From field evidence, it appears that this shear
zone does not represent a major fault contact between the Kit-
tery and Rye formations. The gradual change in character of
the acid volcanics toward more Kittery-like sediments strati-
graphically upward, and the apparent absence of the shear zone
on the eastern side of the island rule against a fault of major
proportions. The shear zone is probably one of the many minor
faults and shear zones which can be observed in the Kittery and
other formations elsewhere along the coast.

Two oval-shaped breccia bodies are present within the Rye
formation along the eastern shore of Gerrish Island. The larger
body has a width of about 800 feet, but its length is not known.
The smaller body, 34 mile to the north is about 300 feet long.
In both these areas the breccia includes fragments of the Rye
metavolcanics and diabase which is probably related to the earlier
group of diabase dikes noted in the Bald Head Cliff-Ogunquit
area (see p. 53). These breccias are cut by irregular stringers

18

and dikes of light buff felsite porphyry which are in turn cut
by a set of diabase dikes possibly related to the later group of
diabase dikes in the Bald Head Cliff-Ogunquit area. The general
character of the larger breccia is shown in Figure 7. Nowhere

e

FIGURE 7. Breccia at the sothestern end errish sl  Kittery

2 7. B and, Kittery.

E?g ?;i:;-f;%ili corr:lpgseql n&gﬁtly o{l fi;agments of the acid volecanics of tl'?:a
. on and basic dikes which cut th leanies. i

dike can be seen cutting the brececia. il SRSl

was there any structure such as bedding of the breccia observed.
These_ bodies are tentatively considered to represent explosion
b.recmas, and may be correlative with the voleanic activity asso-
ciated with the Cape Neddick and Tatnic Complexes. '

Kittery Formation

!Ltgoductory Statement. The Kittery formation was originally
referred to by Katz (1917) as the “Kittery quartzite.” How-

ever, because of the abundance of interbedded argillaceous ma-

terial, recent investigators (Billings, 1956) have preferred to call

it the “Kittery formation,” a nomenclature to be followed here.

The type locality as mentioned by Katz is the southern part of
‘the town of Kittery.

19
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Lithology. The Kittery formation in the map area is confined to
The lower grades of metamorphism, mostly the biotite zone. The
most common and characteristic lithology is a medium purplish
gray, hard, brittle, fine-grained quartzite which breaks with a
hackly to rough conchoidal fracture. Calcite or dolomite in small
amounts is present in most exposures, but the rock is in general
too fine-grained to determine megascopically the other minerals
present. The quartzite is rarely porphyroblastic. The second
most common lithology is a dark gray to dark purplish gray
slightly siliceous phyllite grading to very fine-grained, lustrous,
non-porphyroblastic biotite-quartz schist. The phyllite possesses
a cleavage which is generally uniform and nearly planar; only
occasionally is it crenulated or crumpled. In the schists, the
schistosity is correspondingly uniform and non-deformed. Other
lithologies of minor importance encountered in the formation
inelude thin beds of light tan calcite marble, dark purplish-gray
siliceous and biotitic calcite marble, and light gray clean guart-
zite. None of these minor lithologies appears to form a distine-
tive sequence that would serve as a mappable unit.

Ficure 8. Very thin, rhythmically bedded, almost varved, Kittery for-
mation, between Perkins Cove in Ogunquit, and Bald Head Cliff in York.
Graded bedding, although not conspicuous in the photograph is typical
of the sequence here.
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In places, quartzite is the dominant lithology occurring in
medium to thick (1-4 foot) beds with only minor thin interbeds
of phyllite or schist. Many of the quartzite beds are thinly lami-
n.‘f.tted with the lamination planes marked by concentrations of
biotite. Locally, as along the coast in the vicinity of Ogunquit
and York, the Kittery formation is a thin-bedded (14 to 6 inch)
sequence of alternating quartzites or laminated quartzites and
phyllites, in some places closely resembling lake varves. Figure
8 shows a typical example of this thin-bedded alternating lith-
ology near Bald Head Cliff in York. This thin-bedded sequence
commonly shows very well developed graded bedding — quartz-
ite grading upward into phyllite or schist (Figure 9). Much use
has been made of this feature in working out structure, particu-

Ficure 9. Excellent d dding § i i .
! 5 t graded bedding in medium-bedded Kitt -
.tu)n, between Perkins Cove, Ogunquit, and Bald Head (?111'3&, f%ﬁi
=.({%uau-tﬁitle uncleaved units grade to the top of the picture into well-
cleaved slaty units with an abrupt change to the next quartzitic unit.

larly a.lo'ng the coast where the formation is excellently exposed.
In a@d.ltmn, cross-bedding on a small scale has been noted at two
@gahtles — Long Sands Beach in York, and near the junction of
the Great Works River and the Salmon Falls River. In both

places, tops of beds as indicated by graded bedding and cross-

- bedding are in agreement. A third example noted in outcrops of
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the Kittery formation in the southern part of Well.s Township
was later determined to be a cross-bedding form mmulritted by
small-scale drag folding in very thinly laminated quartzite.

Numerous ellipsoidal concretionary masses f’f calcite., dolomite,
lime silicates, and quartz are very common 1n the K1tter;y' for-
mation. These concretionary masses range frf)m aboqt 2 inches
to 114 feet long, and each is contained WI_thm .the hmztg .of 2.‘.
single bed. They are commonly zone‘d, with e%ther. calcitic or
dolomitic centers. A typical example is shown in lFlgure .10, in
which two adjacent concretions are restricted to a single, ‘shghtly
limy quartzite bed. Similar concretions havg been noted in other
principally the Eliot and Berwick, but are rare.

i\"ﬁ . e ‘w‘@"u” J

formations,

=i

FlGURE 10. Two zoned dolomitic

ly limy quartzite bed.

Although no fossils have been found in the Kittery formation,

concretions in _Kittex:y _forma_tion,
Israel’s Head, Ogunguit. Both coneretions are contained within a slight-

Stratigraphic Relations and Distribution. The Kittery forma-
tion probably overlies the upper Rye acid volcanics conformably,
although the trangition beds are complicated by the shear zone
discussed above. The Eliot formation conformably everlies the
Kittery formation. Exposures of the contact zone between the
two formations suggest a gradual transition from Kittery type
lithology into the typical siliceous phyllites of the lower part of
the Eliot formation.

The Kittery formation is exposed in a broad belt 3 to 9 miles
wide, parallel to the coast from Kittery north-northeast to the
Biddeford-Saco area at the northern end of the map. Bevond
this point, the distribution of the formation has not yet been
determined.

Eliot Formation

Introductory Statement. The Eliot formation was originally
called the “Eliot slate” by Katz (1917), but recent investigators
(Freedman, 1950, and Billings, 1956) prefer to call it the “Eliot
formation” on the basis that true slates are not universally pres-
ent. The type locality is in the town of Eliot on the northeastern
side of the Piscataqua River.

Lithology. The Eliot formation in the type locality consists of
two distinet units. The lower unit, transitional from the Kittery
formation, congists of rather uniform, thin-bedded, medium gray,
slightly giliceous chloritic slates and phyllites characterized by
relatively uniform cleavage., It differs from the Kittery forma-
tion in lacking either the thick quartzite beds or the clear-cut
alternations of quartzitic and argillaceous beds. Furthermore,
cleavage is universally developed throughout the lower unit of
the Eliot, but only in the argillaceous interbeds of the Kittery
formation.

- The upper unit of the Eliot formation consists of thinly inter-
bedded, medium gray, moderately to slightly crumpled chloritic
Dphyllite with occasional interbeds of chloritic quartzite. Katz
:{;‘51917) reported the presence of thin laminae of light bluish lime-

it is considered to be of marine origin. The px:edc!m.mance of
oraded bedding and the even stratification of the md1v1d}1a1 beds
suggest similarities to many gra_ywacke sequences believed to
be due to deposition from turbidity currents (for example, see

Kuenen, 1953 and 1956).

stone, but this lithology was not observed during the present
~ investigations. _

"_':E?_:I.’_yritiferous and slightly carbonaceous phyllites were observed
ong the Mousam River in the vicinity of West Kennebunk, in
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a position stratigraphically between the Kittery and Berwick
formations. These phyllites may be equivalent to the Calef mem-
ber of the Eliot formation described by Freedman (1950). The
Calef member is exposed only in a band extending from Lee to
Epping, New Hampshire, and occupies a position stratigraphic-
ally at the top of the Eliot.

Stratigraphic Relations and Distribution. The Eliot forma-
tion contormably overlies the Kittery formation through the
transition zone described above. It is believed to be overlain
conformably by the Berwick formation, but the contact between
the two is nowhere exposed. The opinion has been expressed by
Billings (1956, pp. 41-42) that much of the difference between
the Eliot and Berwick metasediments is due to the grade of meta-
morphism, that the original sediments were much the same. In
southern Maine, however, the Eliot sediments were found to be
distinetly more argillaceous than Berwick sediments. Further-
more, the Berwick formation has greater amounts of what were
probably rather limy or dolomitic quartzites than the Eliot

formation.

The outerop belt of the Eliot formation is irregular, reflecting
the major structure of the area. The formation extends from the
northern corner of Arundel Township through Kennebunk Town-
ship to the Wells-Kennebunk town line in a belt ranging from V4,
to 34, of a mile in width, complicated by several small folds. From
the Kennebunk-Wells town line to a point 3 miles northeast of
North Berwick Village, the belt is interrupted by the Webhannet
pluton, but continues from the western side of the pluton gouth-
southwest to the Berwick-South Berwick area and thence into
New Hampshire. The Eliot formation also underlies much of
Eliot Township in a synclinal belt extending from the Piscataqua
River northeastward into York Township. The formation has
been mapped as far south as the Exeter area, beyond which it
has been included in the Merrimack group without separate

distinction.

Berwick Formation

=

Introductory Statement. The Berwick formation was originally
referred to by Katz (1917) as the “Berwick gneiss” which he
considered to be Precambrian in age. However, throughout most
of the area where these rocks are exposed, even at the type lo-
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cality in the chanpe] of the Salmon Falls River at Berwick, they
a?e n(?t characterized by distinctive gneissic structure, and bed-
ding is usually well preserved. It seems more appropriate to

refer to this sequence as the “Berwick formation” d
by Freedman (1950). mation” as suggested

'thlllology. The rocks of the Berwick formation are very similar
in llthology to those of the Kittery formation, and some of the
difference in appearance of the two formations in outcrop may
be‘a .functlon of the generally higher grade of metamorphism
(biotite and garnet ? zone) of the Berwick formation. In gen-
eral, the Berwick formation consists of a more heterogeneous
array of rock types than either the Kittery or Eliot formations.

The following rock types are characteristic, b :
to be dominant: » but none may be said

(1) Fine-grained mottled green and purplish g rtzi
with abundant dark green actinolite por;?hygoblasi:?y(g)uzrill;zlie
con‘cho_idal fracturing greenish gray quartzite Witi’l abundan’é
actinolite; (3) mottled light green and purplish gray quartzo-
feldspathic.actinolite—biotite granulite with a sligcht tendency
tpw*ard gneissic structure, and containing abundant thin actino-
]1te-feldspar veins; (4) medium purplish gray, rather granular
quartz-biotite schist, locally containing elongate bhiotite porphyro-
blast_s which give a slight gneissic structure and lineation to the
fabric; (5) gray quartzo-feldspathic biotite-actinolite gneiss
mark(?d by conspicuous streaks and bands of hiotite, and (6)
gr‘een‘lsh gray quartzo-feldspathic actinolite gneiss océurring as
thin interbeds in association with the other types. Close to the
contacts with tshe Lyman pluton the lithology is a medium gray
grfa.m%lar, medium grained quartz biotite schist with occasionai
thin 1n'terbeds of actinolite gneiss. Hard brittle purplish gra
:_q.uar’.cmte which is the dominant lithology of the Kittery forma}i
tion is also common in the Berwick formation.

1 g‘éle BerWI.ck formation is (?haracteristically medium to thin

g ed, ano'_l in general there is less contrast between adjacent
..b.ed:% than in the Kittery formation. The characteristic alter-
-?a'gon _of quartzi_te and phyllite found in parts of the Kittery
‘-_prme!,tlon is lacking in the Berwick formation, and hard brittlve
burplish gray Kittery-type quartzites are not a dominant lith-

ology in the Berwick formation.
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The lithologies of the Berwick formation as a whole are much
less argillaceous than those of the two units of the Eliot forma-
tion, and there is little difficulty in distinguishing the two forma-
tions in the field.

Stratigraphic Relations and Distribution. By inference, the
Berwick formation overlies the upper unit of the Eliot formation
although the contact has not been observed. The contact be-
tween the two is probably gradational. Conformably above the
Berwick is the Gonic formation, and again the contact has not
been observed.

The Berwick formation crops out northwest of the Eliot for-
mation and extends from the Maine-New Hampshire border in
the vicinity of Berwick, Maine, north-northeastward to Lyman
and Arundel Townships. The width of the outcrop belt varies
from 2 miles in the Berwick area to 4 miles in the vicinity of
North Berwick.

Gonic Formation

Introductory Statement. The Gonic formation takes its name
Trom the village of Gonic in Rochester Township, New Hamp-
shire, where it is exposed in the channel of the Cocheco River.
The name was first given to these rocks by Katz (1917) and he
used the exposures here as the type locality for the formation.

From recent work done in New Hampshire, Billings (1956)
has included the Gonic formation as well as the Rindgemere for-
mation as part of his Littleton formation on the basis of general
lithologic similarities. Although the Gonic and Rindgemere for-
mations may be lithologic equivalents of the Littleton formation,
the writer feels that the names Gonic and Rindgemere take prec-
edence in this area.

Lithology. The Gonic formation consists of a sequence of fine-
grained silvery gray muscovite-biotite-garnet-staurolite schists
and minor muscovitic quartzites. The formation lies completely
in the staurolite zone of metamorphism in the area mapped.
Porphyroblasts of biotite, garnet, and staurolite are very abun-
dant and well developed.

Stratigraphic Relations and Distribution. The Gonic formation
is inferred to overlie the Berwick formation conformably; al-
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tl}ough the contact of the two formations is nowhere exposed, the
dips and strikes of bedding or schistosity are usually parall,ei in
bo'th formations. About one mile south of Bauneg Beg Moun-
tain, outcerops of typical Berwick have been found within about
100 feet of typical Gonic. This represents one of the most abrupt
changes in character of the original sediments between any of
the formations studied in the map area. )

It should be pointed out that the Kittery and Berwick forma-
tions lack the aluminous character of the Gonie, Rindgemere
and Towow formations. The Eliot formation in areas ofrmediurr;
grade o.f.metamorphism is intermediate, in places being rather
muscovitic, and in other places biotitic. The muscovitic char-
acter of the Gonie, Rindgemere, and possibly Towow formations
forms the basis of Billings’ (1956) correlation of these two for-
mations with the Littleton formation in New Hampshire.

The Gonic formation is conformably overlain by the Rindge-
mere formation. Field evidence suggests that the contact is
gradational; in some areas near the contact it is sometimes dif-
ficult to decide to which formation an outcrop belongs.

The Gonic formation extends from the margin of the Lyman
pluton in Sanford in a belt approximately 114 miles wide south-
west to the limits of the map area. Katz (1917) states that it
e?(tends southwest into New Hampshire to the vicinity of Bar-
rington. His map shows the formation both on the northwest
and southeast sides of the Fitchburg pluton. Billings (1956)
however, has assigned the metasediments on the southeast sidé
pf the pluton to the Berwick formation on the basis that alumi-
nous minerals characteristic of the Littleton formation are not
gbux_1dant. As determined during the present investigation, the
_Gomc formation trends toward, and is apparently separated from
the type locality by the Fitchburg pluton. The formation does
g:’t aptl‘)e;;:' t(i): wrap around the nose of the pluton. The distribu-
tion o e i
o demrm;zgfatmn north of the Lyman pluton has not yet

Rindgemere Formation

oductory Statement. The name “Rindgemere formation”
prox?osed _by Ka.tz (1917) for a sequence of schists, quartzites
gneisses including those exposed in the Salmon Falls River
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near Rindgemere Station, East Rochester, New Hampshire. In
New Hampshire, these rocks are included in the Littleton forma-

tion by Billings (1956).

Lithology. The Rindgemere formation consists of several rock
types, the proportions of which vary considerably from one lo-
cality to another. Included are: (1) fine to medium-grained
muscovite-biotite-garnet schist with variable amounts of silli-
manite; (2) quartz-mica schist and micaceous quartzite; and
(3) irregularly-textured schistose feldspathic biotite-muscovite-
quartz gneiss which is usually associated with the masses of
pegmatite or binary granite that are common throughout the
formation. Where bedding is discernible, these rocks are char-
acteristically thin-bedded. Schistosity is commonly crenulated
on a minute scale by small folds that may represent a later pe-
riod of deformation. The formation lies mostly in the sillimanite
zone of regional metamorphism with only the lowest portion,
which is transitional to Gonic lithology, in the stauroclite zone.
At one place in this transitional zone, located one mile south of
the summit of Bauneg Beg Mountain in North Berwick, clear
brown euhedral crystals of staurolite and irregular fibrous masses
of sillimanite occur in the same outcrop.

The upper part of the formation in the Lebanon-Acton area
is generally finer grained and more uniformly schistose. Pegma-
tites are rare and the rocks are generally non-feldspathic and
rather well-bedded. Masses of muscovite up to 2 inches long are
common and may represent retrogressive pseudomorphs after
andalusite. Although these rocks may constitute a mappable
unit separate from the normal Rindgemere, further field work is
needed to define and delineate them. Massive, slightly phyllitic
quartzites have been observed within this upper unit, but expo-
sures are not numerous enough to determine whether these are
observations of one stratigraphic unit or several interstratified
units of minor thickness.

Stratigraphic Relations and Distribution. The Rindgemere for-
mation overlies the Gonic formation conformably. The field data
suggest that the transition from one to the other is gradual
rather than abrupt. The Rindgemere formation is overlain con-
formably by the Towow formation through a contact which also
appears to be transitional, but nowhere has the actual contact

been observed.
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The Rindgemere formation extends from the i
Lyman pluton and the Alfred complex in a broad a?fl;‘g;onutohfwte};:
to the _New Hampshire-Maine state line, and from there, an un-
determ}ned distance southeast. The northwestern Ii.mit’ of the
formation was not determined during the present field work. Tt
apparently extends beyond the map area. '

Towow Formation

Introductory Statement. The Towow formation takes its name
from the original name of the town of Lebanon, Maine, and was
proposed by Katz (1917) for a sequence of what he ter;ned Yenr-
bonaceous” mgtasediments typically exposed throughout parts
of the township. These metasediments appear to be restricted
to the town of Lebanon; equivalents of the Towow formation
haye not been described in the adjacent parts of New Hamp-
shire, nor are they present elsewhere in the map area.

Lithology. The Towow formation is composed of fine-grained
muscovite schist and phyllite, with interbeds of dark silvery
gray.phyllite, pyrite and/or pyrrhotite-rich, dull-gray earthy
phyllite and fine-grained quartzose muscovite schist. Katz con-
cluded that the gray phyllites were graphitic. Although carbon-
aceous matter may be a major coloring agent, it does not appear
to be one of the major mineral constituents of the phyllites. Be-
cause of .the high concentration of sulfides, these rocks We'ather
very 1'a_pld]y, and at one place in a road cut along U. S. Highway
202, bright orange inerustations and stalactites of iron sulfate
are -devgloped. The glacial drift derived from this formation is
d.ls-tmctwely orange due to limonite staining and very commonly
1;111 or even stratified drift is cemented into a congjbmerate by
limonite derived from the weathering of the pyrite. L

ggrgthraphic Relations and Distribution. The Rindgemere for-
g:g;tmn grades conformably upwards into the Towow formation
~and th_e basg gf the latter has been placed arbitrarily at the strati:
phic position where the dark gray phyllites begin to appear
‘Qm Structural _considerations, the Towow formation appears‘
,be. prese‘rved_m a syncline, and thus represents the highest
tigraphic unit in the map area. Billings (personal communi-
0 ) suggests that these rocks may not be the equivalents of
_Ions_of the Littleton formation in New Hampshire, but ma

tratigraphically above the Littleton formation. ’ i
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The Towow formation crops out in a belt 2 to 3 miles wide
extending from the northern part of Lebanon southwest to the
Salmon Falls River, a distance of approximately 8 miles. Rocks
of the Towow type have not been found across the river in New
Hampshire.

Thickness of the Stratigraphic Units

The thicknesses of the formations in southwestern Maine and
southeastern New Hampshire are difficult to determine. Be-
cause of the lack of exposures in key areas, no reliable idea of
the amount of repetition due to minor folding can be determined,
nor can the general dips of homoclinal belts be accurately deter-
mined. Local dips throughout the area are vertical or steep,
but the general dips of the homoclinal belts are certainly more
gentle.

The original thicknesses suggested by Katz (1917) and the
more recent figures given by Billings (1956) are summarized in
Table 1. The figure of 6500 feet suggested by Billings for the
Eliot formation appears high for most of southern York County,
although it may be a reasonable approximation for the New
Hampshire area. In the vicinity of North Berwick, and between
the Webhannet and Biddeford plutons, the width of outcrop of
the Eliot formation is commonly less than 0.4 of a mile; thus,
unless it has been locally thinned tectonically, this formation in
southern York County would appear to be less than 2000 feet
thick. On the other hand, the Kittery formation is probably
much thicker than 1500 feet. Its width of outcrop is greater
than that of the Berwick formation for which Billings gives a
thickness of 7000 to 10,000 feet. No field evidence has been
found to indicate that the Berwick formation shows less repeti-
tion due to folding than the Kittery formation, and it seems likely
that the thicknesses of the two formations are of the same order
of magnitude.

The reader is cautioned from attaching significance to the
thicknesses of the formation as can be measured from the cross-
sections of Plate I. The average dips of the formations may be
steeper or gentler than shown on the sections, and consequently
the formations may be thicker or thinner than shown.

30

TABLE 1

Thi_ckness of formations in southwestern
Maine and southeastern New Hampshire
after Katz (1917) and Billings (1956)

Thickness according to:

Formation Katz (1917)
Towow Unknown (top missing)
Rindgemere 1,000 feet

Gonic 300-500 feet
Berwick Unknown

Eliot Unknown (top missing)
Kittery 1,500 feet

Rye (not given)
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Billings (1956)

Not represented (7
Rocks equivalent to
these included in the
Littleton formation
(totgal thickness
possibly as high as
15,000 feet).

7,000-_1 0,000 feet
(quoting Freedman)

6,500 feet (quoting
Freedman)

1,500 feet (citing Katz)
4,000 feet



IGNEOUS ROCKS

CGeneral Statement

Four contrasting groups of igneous rocks, differing markedly
in age, general composition, and shape or structure are present
in southern York County. They include (1) large granite, quartz
monzonite, and granodiorite plutons that are elongated parallel
to the structural trend of the surrounding metasediments; (2)
an alkaline complex similar to those of the White Mountain
plutonic-volcanic series in New Hampshire; (3) small circular to
elliptical basic complexes, and associated volcanics; and (4)
numerous basaltic to rhyolitic dikes. These igneous rocks occupy
slightly less than half of the total area in southern York County.
Excluding the dikes, which oceur chiefly in the metamorphic
rocks, these igneous bodies underlie higher, more hilly areas than
the metasediments and metavolcanics and consequently are bet-
ter exposed and more clearly understood.

It has been found convenient to refer to the bodies of the first
group of igneous rocks as “plutons.” The three major plutons
of this group in southern York County are the Lyman pluton,
the Webhannet pluton, and the Biddeford pluton (Figure 11).
Two plutons of similar character in New Hampshire, the Fitch-
burg and Exeter plutons, are shown on Plate I and Figure Tl
They are shown on Plate I only as an aid in understanding and
interpreting the geology of southern York County, and no at-
tempt will be made to describe them. The reader is referred to
Billings’ (1956) report on the bedrock geology of New Hamp-
shire for such descriptions. Another body, the Saco pluton,
shown in Figure 11 will not be described in this report because it
lies mostly in the Buxton and Portland quadrangles north of the
area of Plate I.

The single alkaline complex in this area is referred to as the
“Agamenticus Complex” following the usage of Woodard
(1957). Wandke (1922 a) originally proposed the term to apply
to the composite igneous mass composed of the Webhannet plu-
ton, the alkaline rocks in York Township, and the Tatnic com-
plex. It seems appropriate to amend Wandke’s usage and to
retain the name “Agamenticus complex” for only the alkaline
portion of the composite mass.
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Basic Igneous Complexes
AGAMENTICUS

/
’ %Whﬁa Mountain-type alkaline
rocks

e \\\Q New Hampshire- Hillsboro-type

calc—-alkaline rocks

CAPE NEDDICK

COMPLEX
q o] 5 10 miles
T —

Ficure 11, Sketch map of southwestern Maine showing major folds and

igneous bodies.

tg“‘gliniﬁ( orlix_nallly applied the name “Berwick quartz diorite”
The, e s W ich in this report are called the “Tatnic complex.”
t;ht plex is not situated in the town of Berwick but occupies
that part of Wells and South Berwick called Tatnic. The domi-

't ;181361311:16389 appea'ls to be gabbro rather than quartz diorite. For
asons it is more appropriate to refer to the body as the

“Tatnic complex.”




Wandke originally applied the name “Cape Neddick gabbro”
to the body at the locality in York. In order to harmonize with
the names adopted for the other similar bodies in the area, the
term “gabbro” has been dropped and “complex” appended.

Major Elongate Plutons

The three major elongate plutons in gouthern York County
are (1) the Lyman pluton in the Sanford-Lyman-Hollis area,
composed mostly of biotite-muscovite granite; (2) the Biddeford
pluton composed mostly of biotite granite; and (3) the Web-
hannet pluton composed of three associated rock types — quartz
monzonite, biotite granite, and granodiorite. The three plutons
are considered to be generally equivalent to the Fitchburg and
Exeter plutons in New Hampshire which are members of the
New Hampshire—Hillsboro plutonic series of Billings (1956).
They are characterized by generally similar mineralogical and
chemical composition, and by elongation and foliation in the
direction of the regional structural trend of the metasediments.

The Lyman pluton extends from the vicinity of
Bauneg Beg Pond in Sanford north-northeastward to the Hollis
area (north of the map area). The mass is approximately 20
miles long and 5 miles wide, and about 2/3 of it ig situated in
the southern York County map area.

Lyman Pluton.

The pluton is composed of a fine to medium-grained, light-gray
to pinkish-gray, locally porphyritic biotite-muscovite granite. At
its southern end, biotite is the predominant mica with only a
minor amount of muscovite, and the granite here shows only a
glight foliation. Northward it becomes richer in muscovite and
progressively more foliated until in the vicinity of Lyman, it
closely resembles the biotite-muscovite granites found at Free-
port and Hallowell, Maine, and Concord, New Hampshire.

The foliation in general parallels the inferred contacts of the
body and in the central part is parallel to the regional structural
trend of the metasediments. North of the map area in Hollis
Township, at the northern end of the body, the foliation is nearly
east-west, parallel to the inferred northern contact of the granité.
Near the southern end of Lyman Township, accessory magnetite
grains up to Y4 inch in diameter are conspicuously scattered

through the granite.
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Small pegmatite and aplite strin imilar i i
to the main mass, are found in alrnogsirz,v:);;l 1(}31'0;21 r:)l}fn:}falogy
man pluton, but appear to be more abundant towardrij:h s l_:y—
of the body. In addition to the ubiquitous stringers P};Inargms
iix;?fjgha(;'%gﬁnas’sﬁge pegmatites that form relatively ,ste\;;ebgg
ills, ese pegmatites a i on ]
the northern (_end of the pluton outsi?il;e; J‘E;)u:] ?nzl;r:rggrr;mgn l‘n
found bqth within the granite and outside in the surr : dfue
metasediments. Small quantities of beryl have been fgﬁidu;i

some of the pegmatites, b
, but no other rare or :
have been observed. or unusual minerals

Biddeford quton. The Biddeford pluton, composed of a medi

tc? cs)arse-g‘rjcuned, evenly-textured, light-gray to slightly inliliu;ll
biotite granite transitional to quartz monzonite, is conéitli)e' bsl 7
more homogengous in texture, color, and comp:)sition tharllath}
othel_' tv.vo major plutons. In the vicinity of Biddeford the
granite is essentially unfoliated, but near the coast it com : le
shows moderate to strong foliation. The quartz in the cc?:;:e};

phases has a darker, more smok
other granites. v appearance than that of the

.ﬂil_ong.' the coast from Biddeford Pool to Kennebunkport, the
g;;xi I:ﬁll.is;yoft;he ér_lgsa;no;phic rocks is interrupted by coun,tless
g e Biddeford granite, varying from a f
several hundred feet in width. In so el L
. . s me places the metamorphi
rocks constitute only a minor iy
. : part of the exposures. H
i;g:;lti conSIdfratlon of the attitude of bedding it WouIdO;:)‘;‘ﬁ:!"
e great majority of the isolated masses i
. of of metamorph
rocks have not been significantly rotated from their origl:itn:;

attitude and he
Sk, nce represent roof pendants rather than stoped

A small exposure of medi i

- ex um gray, slightly porphyritie, fine-
gxile:éegl blotlte-hornblende quartz diorite or granogiorifé \:fl:s
¥ ﬂle ng:fhe(; :gxga(;‘(;nt?i; of 1the granite and the metasediments

e : of the pluton. Time has not itt
T investigation of thi i A
i his body, but it would appear to be quite
'h :i()ﬁl(?deford pluton is elongate in a northwest-southeast
in contrast to the other two major biotite granites

reason for thi i : ! ;
'UCTURE}]_[.”t is orientation will be discussed later under
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Several small pegmatites have been observed in the Biddeford
pluton, northwest of Gooserock Beach, close to the southeast

margin of the hody.

Webhannet Pluton. The third major elongate body is a com-
posite mass consisting of three closely related intrusive phases,
biotite-hornblende granodiorite, porphyritic biotite-quartz mon-
zonite, and non-porphyritic biotite granite. For this composite
mass the writer proposes the name Webhannet pluton, derived
from an old name for Wells Township. The Webhannet pluton
extends from the northern corner of Eliot Township north-
northeastward to the Waells-Kennebunk town line. The southern
part of the mass is intruded and partially cut out by the alkaline

complex in York Township.

Numerous blocks of the Kittery formation, the larger of which
are shown on Plate I, are present in the three phases of the Web-
hannet pluton. The dips and strikes of bedding in the larger
blocks are generally parallel to the regional structural trend
suggesting roof pendants. Most of the smaller blocks, which are
not shown on the map, appear to have been rotated from their
original attitude. Ata locality about 114 miles south of Tatnic
Hill, near the North Berwick-Ogunquit road, several outcrops
over an area of about 2 acres expose fifteen to twenty small
blocks of the Kittery formation with apparently random orien-
tation of bedding. It is safe to infer that many more such blocks
are actually present, but buried by the surficial cover. The
abundance of blocks of the Kittery formation within the mem-
bers of the Webhannet pluton suggests stoping as a possible
mechanism of emplacement of these units although other evi-
dence to be discussed under structure of the southern York
County area suggests some form of more forceful injection.

Porphyritic Biotite Quartz Monzonite. The porphyritic biotite
quartz monzonite member of the Webhannet pluton extends from
Eliot Townghip northeastward into the Wells area where it is
intimately associated with the granodiorite and the biotite gran-
ite. The quartz monzonite is characteristically medium to
coarse-grained, light gray, strongly porphyritic, and locally foli-
ated. The foliation is only weakly and locally developed, and for
the most part the quartz monzonite is massive. The minerals
present are quartz, microcline, plagioclase of composition about
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An ., biotite, and minor amounts of hor i
sphene,.magnetite, and apatite. In solmnzl?)na(i'ig ‘Y)Iftht}?; Ceisa?:ty
mor}zonlte sphene is very abundant and occurs in idiomgr h'Z
grains up to 2 millimeters long, readily recognizable in hI; 1;
specimen. The phenocrysts are composed of zoned plagioclaI;
anq range up to 2' inches in length but average about 14 to % oi'
an inch. The ratio of potash to plagioclase feldspar 1‘3;(10‘65 gion
Tq1del'ab1y from one part of the body to another, but gener;IlV fall-
in the range between 1:1 to 2:1 placing it in the quartz monmzonitz
field; in some places the amount of potash feldspar is t
enough to place it in the granite field, o

'In the area where the town lines of York, South Berwick, and
Wells mfae't, the quartz monzonite is coarse-grained, only sli,htI
porpl.rl yritic, and pink, resembling to some extent th,e pink bigo’r,'ty
granite member of the pluton. Although the pink material s
pears fresh a few inches beneath the surface, the color chanig_
to the usual gray at depths of 4 to 6 feet beneath the S;l;lrfzctz5
(Swenson Granite Company, personal communication). As
con'sequen'(:e this pink material was considered to be onll a loc ;;J
variant of the quartz monzonite and was not mapped Segaratela
The color change from pink to gray seems to be gradational anyci
n_ot abrupt: One observation that may be significant is that th
pink surﬁ01al color is developed only within 14 to 14 a mile fro "
the alkaline granite of the York complex. This might indic ?
that feeble contact metamorphic effects have caused some t;:pz

of a change which all i SR
- Eatheri;g_ ows the pink color to develop upon incipient

.In a narrow zone along the eastern contact i

mile west—.northwest of Ogunquit Village, north\f;;;fil :013:%1;1 J%Vf];e
har‘me.t . River in Wells, the rock is essentially an alaskite —~
:}fily light colored, mafic-poor, and slightly more quartz-rich than
e nornf_tal quartz monzonite. This rock type is not disti
gglghed irgrn the quartz monzonite on Plate I, but future st d'm:
may show it to be a separate phase. , o

ahf;zgt; iralgizi Bi(ﬁite granite occupies a crudely crescent-
ea at the northern end of the quart ni i
well exposed on Bald Hill in W B s
: in Wells, where the granite has b
B - . . i : e
:;ztzg;vely flljlarrled. It is typically a uniform-textured, mediuig
an'Erveiie‘gl]?dln'ed’ non—porphyritic pink biotite granite with no
) oliation. The minerals present are microcline, quartz
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without undulatory extinction, plagioclase 'of compositi_on
An,,-.,, biotite, and a minor amount of muscovite. Accesso-rles
inclﬁde sphene, zircon, apatite, and opaques. In tlr}e few Sfectlons
examined, the ratio of potash felc.lspar t_o plag10c1a§e is con-
sistently greater than 2:1, placing it well in the granite field.

In some areas, notably in the northeastern a.nd southeaste.rn
ends of the body, the granite lacks the typi_cal pink colt.)r,.but' its
texture is distinctively like that at Bald Hill. Where it is pink,
the color does not appear to give way at depth to gray as (:'l.ot?s1
that of the quartz monzonite mentioned above. At 1':he Bald H}lll
quarry in Wells, both the color and texture are uniform to the
bottom of the quarry, a depth of nearly 85 feet.

rop in a gravel pit at the southeastern corner of
Mir?lr:sill Iglilg;e,pz miles north-northwest of Tatn?c Hill,_exposes
both the biotite granite and the quart? monzonite in 1nt1rr.13t.e
association with neither type chilled against the other. The inti-
mate association suggests that both types are closely related EES
to time of emplacement. No other contacts between_ these t‘“_o
rock types have been observed inasmuch as the surficial cover 1s
essentially complete over the inferred contact.

Granodiorite. Several bodies of intermediate cm?ap?s;ltlon
ranging from basic quartz monzonite thro.ug‘h quartz. diorite ?}1;6
present within the limits of both the b.mtlte gramte and the
quartz monzonite. They are grouped lithologically undex: _the
term granodiorite as this appears to be the average comp0s1t10f1.
The largest of these bodies lies on the northeastern and ea}stexln
sides of the Tatnic complex (see Plate I). The other bodies -he
in the northern end of the biotite granite and quartz mon:zomte
from the vicinity of Bald Hill eastward. Poor exposures in the
latter area make it impossible to determine the true extent and
relations of these granodiorite masses.

The granodiorite is typically fine-grained, mlediun_l gray, por-
phyritic, and slightly foliated. 'Avlocal varlar}t 1.s an ‘even;
textured, non-porphyritic g1*anod1f>r1te. The n_uneu_tls pl‘ei?:
are quartz, plagioclase of composition An ., m;crochne, biotite,
and hornblende, with accessory sphene,_ apatite, .and o-pa(i}lues:i
Sphene is locally very abundant and. readily recognizable in han

gpecimen. The phenocrysts are universally c.om.pose(ﬁl of plzllgio-
clage. The potash to plagioclase feldspar ratio is quite variable
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from one body to another, and within a single body ; for the most

part it is usually about 1:2, on the border between quartz mon-
zonite and granodiorite.

Fragments of the Kittery formation are locally very common.

They average about 3 to 4 inches in length and appear to be ran-
domly oriented.

Age Relations of the Granodiorite, Quartz Monzonite, and
Biotite Granite. On the basis of general mineralogic similarity,
and intimately associated nature, the quartz monzonite and
granite are inferred to be closely related in age. It is tentatively
felt that the granite is the younger of the two on the basis of
the exposure at the gravel pit on Merriland Ridge.

The largest granodiorite body east of the Tatnic complex is
unequivocally older than the quartz monzonite, and by inference,
older than the biotite granite. At several localities southeast of
Tatnic Hill, stringers and small dikes of quartz monzonite cut
the granodiorite. At one locality 3/ of a mile south of Tatnic
Hill where an isolated mass of the quartz monzonite has invaded
the granodiorite, dikes of slightly chilled quartz monzonite can
be seen in the granodiorite. The isolated masses of granodiorite
within the biotite granite are probably equivalent to the larger
mass. It is believed that the granodiorite masses are the rem-
nants of an older more extensive and more basic pluton which
was the forerunner of the quartz monzonite and biotite granite.
It was in large part removed when the quartz monzonite and,
slightly later, the biotite granite were emplaced.

Other Small Biotite-Muscovite Granite Bodies. Small masses
of biotite-muscovite granite, mostly less than 14 mile in maxi-
mum dimengion, are common throughout the outcrop area of the
Rindgemere formation. Most of these are shown on Plate I.
These minor bodies are extremely irregular in texture, some be-
ing almost pegmatitic; others, very fine-grained; some are high-
ly foliated and might better be called granite gneiss, while others
are essentially non-foliated.

Within the mapped area, these bodies are restricted to the
Rindgemere formation, but north of the area they may be present
in other formations of different lithology as well. The presence

of these bodies may be related to the grade of metamorphism of
the metasediments.
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The following relations suggest a metasomatic origin for at
least some of these minor bodies: (1) the metasediments sur-
rounding them are characteristically feldspathized, sometimes
orading into the biotite-muscovite granite body proper. (2) In
many cases, the surrounding metasediments take on the appear-
ance of a coarse-grained foliated pegmatitic gneiss. (3) The
foliation of these bodies is continuous with and parallel to the
general structural trends of the metasediments.

Agamenticus Complex

General Statement. Most of York Township and small parts of
Wells and South Berwick Townships are underlain by moderately
alkaline igneous rocks forming a roughly circular complex about
51% miles in diameter, in marked contrast to the major plutons
discussed above. Contacts are markedly discordant to the struc-
ture of the flanking metasediments. The complex was first
mapped by Wandke (1922 a).

It should be emphasized that the Agamenticus complex has
not been studied in detail during the present investigation. The
relations described here have been obtained as a result of recon-
naissance studies and may be revised with further investigation.

TFour units of the Agamenticus complex are distinguished on
Plate I. They are (1) alkaline syenite, (2) alkaline granite,
(3) contaminated alkaline granite, and (4) porphyritic biotite
granite.

Alkaline Syenite. The alkaline syenite is typically a medium to
coarse-grained, even-textured, rather dark greenish gray, essen-
tially non-porphyritic syenite containing such soda-rich dark
minerals as arfvedsonite, riebeckite, aegirine, and aegirine-
augite. Quartz is present, but usually in amounts less than 2%.
Small amounts of accessory fayalite, sphene, and apatite are pres-
ent. The feldspar is a microperthite and locally microantiper-
thite. In places the syenite contains appreciable amounts of bi-
otite. The syenite is cut by numerous stringers and dikes of fine-
grained, buff, aplitic material, and coarse greenish alkaline
pegmatite.

Alkaline Granite. The alkaline granite is typically light ].ouff-
gray to light neutral gray, medium to fine-grained and relatively

40

even-textured. It contains the same soda-rich dark minerals as
the alkaline syenite. It is characterized by euhedral to sub-
hedral grains of microperthite, ranging to microantiperthite,
between which occur quartz and the dark minerals. -Alkaline
granite is the dominant phase of the complex, underlying nearly
L4 of the area on the northern, western, and southwestern sides
of the complex.

Contaminated Alkaline Granite. Contaminated alkaline granite
forms an irregular, ring-shaped zone which is located in places
between alkaline granite and alkaline syenite, in places within
the alkaline syenite, and at still other places, between the alka-
line syenite and the flanking metasediments. In some areas the
textures and colors are variable — resembling to some degree
both the syenite and the granite. In such areas the amount of
quartz varies moderately, with an average which is generally
equivalent to a quartz syenite. In other areas, principally in the
southeastern portion, blocks of fine-grained dark greenish-gray
rock gimilar to the alkaline syenite are intimately associated

with stringers of buff to salmon-gray, slightly quartz-poor alka-
line granite.

These relations suggest that this zone was formed as a result
of contamination of an alkaline granite magma by blocks of in-
vaded, slightly older alkaline syenite. In part of the zone where
evidence of two phases is lacking, and where the amount of
quartz is intermediate between that of the alkaline granite and
alkaline syenite, it would appear that assimilation of syenite
blocks by alkaline granite magma proceeded further.

Porphyritic Pink Biotite Granite. The central part of the alka-
line complex is occupied by a stock of biotite granite measuring
approximately 3 miles by 214 miles and elongate in a general
northwest-southeast direction. This body is a fine- to medium-
grained, porphyritic, light pinkish-gray biotite granite, with
phenoerysts up to 14 inch long. It is non-foliated and the pheno-
crysts show no marked perferred orientation. As a general rule,
this unit is more uniform in composition than the other members
of the alkaline complex.

The minerals present are orthoclase, plagioclase of composi-
tion An,, quartz, and biotite with minor amounts of zircon,
apatite, and magnetite as accessories. The ratio of alkali to
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plagioclase feldspar is greater than 2:1, placing it well in the
granite range.

Actual contacts of this granite with the alkaline granite and
alkaline syenite have not been observed, but because of the finer
grain size as the contact with the other two units is approached,
suggesting a chilled marginal phase, it is inferred to be younger
than the alkaline units.

A small mass of similar granite of finer grain size, and not as
markedly porphyritic crops out just east of the Maine Turnpike
at a point about 2 miles north-northeast of Groundnut Hill in
York Township.

Small Basic Complexes

General Statement. In southern York County three similar, in-
ternally complex, circular to elliptical basic bodies have been
mapped. They are (1) the Cape Neddick complex in York, (2)
the Tatnic complex on the western edge of the quartz monzonite
of the Webhannet pluton in Wells and South Berwick, and (3)
the Alfred complex on the western side of the Lyman pluton in
Alfred. All three are characterized by generally similar basic
rock types and strongly discordant cross-cutting contacts. A
fourth body of this general type was located during the last field
season on which this report is based. Preliminary examination
of this body, which has been named the Lebanon diorite for con-
venience of reference, suggests that it is much simpler in struc-
ture and number of phases than the other three bodies.

Detailed structural and petrologic discussion of the Alfred,
Tatnic, and Cape Neddick complexes is given by Hussey (1961)
and consequently, only the general petrologic and structural
features will be presented here.

Cape Neddick Complex. The Cape Neddick complex forms a
generally elliptical body occupying the outer half of Cape Ned-
dick peninsula in York Township. The complex is responsible
for the position and prominence of the peninsula. Figure 12
shows the excellent exposures along the shore at the eastern tip
of the Cape, which afford a chance for detailed study seldom
available inland.
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Ficure 12. Outer (eastern) tip of Cape Neddick as seen from Nubble
Lighthouse tower. Structure in the gabbro is roughly parallel to the
lower ed‘ge of the photograph. Mount Agamenticus, Second Hill, and
Third Hill appear in the right background.

The complex was previously studied by Wandke (1922 b) and
to a limited extent by Haff (1939) in connection with his studies
of the multiple dikes in the Kittery formation flanking the com-
plex. Recently, students at the University of New Hampshire
have made structural and petrologic studies in connection with
senior projects. Wandke originally applied the name Cape Ned-
dick gabbro to the complex. He distinguished three major lith-
ologic units, (1) gabbro, (2) anorthosite, and (38) cortlandite.
Haff did not map the internal phases of the complex, but recog-
nized the breccia and the gabbroic pegmatite on the outer part
of the Nubble, an island just off the eastern tip of the peninsula.
He indicated that the breccia was composed of fragments of the
Kittery formation.

As a result of the present investigation, five lithologic units
have been distinguished and represented on the detailed map of
the complex (Plate IT). These are (1) medium to dark gray,
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relatively uniform-textured, distinctly-layered, medium-grained
gabbro, referred to for clarity in this report as ‘‘the normal
gabbro,” (2) a medium-grained, light gray, modera}tely to weakly
layered, relatively uniformly-textured anorthositic gabbro, (3)
medium-grained, very dark gray, weakly layered cortlandtitic
gabbro, (4) a gabbroic pegmatite of extremely variable compo-
sition, texture, and grain size, probably closely related to the
cortlandtitic gabbro, and (5) an agglomerate consisting of frag-
ments of the Kittery formation, dikes within the Kittery forma-
tion, and possibly near surface volcanics (Figure 13).

i i f Nubble

RE 13. Volecanic agglomerate exposed on the outer side o :
f\sllglrjzd Cape Neddick, composed mostly of Kittery formation and dlk?is
cuttiné it, but surface voleanics of varying types may also be represented.

The normal gabbro occupies a belt approximately 509 t-o 1000
feet wide along the outer portion of the complex. It is in con-
tact on its outer side with the agglomerate on the Nubble a_nd
for a short distance on the southern side of the Cape, and with
the Kittery formation on the northern side of the complex on
the Cape. At nearly all places where obser\lred, the con_tact of
the normal gabbro with the country rock dips steeply inward.
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The western and most of the southern parts of the contact are
buried beneath a cover of glacial drift. On its inner side the
normal gabbro is in contact with the anorthositic gabbro. The
contact between the normal and anorthositic gabbros. seems to
be transitional in some places, but in others, especially the north-
eastern part, the contact is complicated by a zone of anomalous
layering on one side of which is normal gabbro and on the other
side of which is typical anorthositic gabbro.

The anorthositic gabbro occupies a generally concentric zone
inward from the normal gabbro, but its continuity is interrupted
by several apophyses of the cortlandtitic gabbro, the largest of
which is exposed near the eastern edge of the Cape.

The cortlandtitic gabbro occupies the central portion of the
complex. It also crops out as a crescent-shaped belt on the north-
ern edge of the normal gabbro, and as two apophyses within the
anorthositic gabbro (Plate II). Close to the contact with the
anorthositic gabbro, it is essentially ultramafic in composition,
with olivine, augite, hornblende, and ore minerals constituting
nearly 80% of the rock. However, toward the center, it becomes
considerably more feldspathic, but it still retains its poikilitie
character throughout and fresh olivine is always present. The
contact of the major mass of the cortlandtitic gabbro with the
anorthositic gabbro is not exposed, but good exposures of the
contacts of the largest of the apophyses of mafic gabbro with the
anorthositic gabbro can be seen on the eastern end of the Cape.
Here the outer contact is sharp, but the inner contact with the
anorthositic gabbro is gradational over a distance of about 6
feet and is layered. Both contacts dip toward the center of the
complex at about 50 degrees. This apophysis of the main body
lacks the marginal concentrations of mafic minerals. Wandke
(1922 b) originally mapped the apophyses and marginal ultra-
mafic portions of this body as cortlandite, and considered the
central part of the body as a part of the normal gabbro. This
interpretation does not harmonize with the presently known dis-
tribution of the typical normal and anorthositic gabbros.

The gabbroic pegmatite is present only on the Nubble where it
occupies a concentric band approximately 50 feet wide and 70
feet from the contact of the normal gabbro with the breccia. The

pegmatite is surrounded by normal gabbre and both contacts dip
steeply inward,
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The agglomerate which contains fragments of the country
rock and possibly of surface volcanics is exposed on the Nubble
and on the southeastern tip of the Cape (Plate II). At other
places the normal gabbro is in contact with the Kittery formation
which may be locally brecciated in place, but the typical ag-
olomerate of the Nubble is absent. The outer margin of the
agglomerate is in contact with the Kittery formation. The con-
tact appears to dip vertically and is transitional into undisturbed
Kittery formation. The contact with the normal gabbro is locally
sharp, but more commonly is gradational over a distance of about
one foot, and the normal gabbro is only slightly chilled against
the agglomerate. The agglomerate is interpreted as the rem-
nant of a formerly more extensive explosion breccia, most of
which was removed at the time the gabbro was emplaced.

All units of the complex except the agglomerate are layered
to some degree. Toward the outer parts of the complex the layer-
ing is steep, but tends to become less steep toward the inner mar-
gin of the anorthositic gabbro. In the mafic gabbro, layering at
the margins of the mass is relatively steep but becomes proges-
sively gentler toward the general center of the mass. The layer-
ing of all units taken together describes a consistent concentric
pattern with inward dips as shown in Plate 1L

On the outer portion of the normal gabbro on the Nubble, and
at places along parts of the contact between the anorthositic
gabbro and normal gabbro, the layering shows patterns which
resemble cross-bedded or channel-cut-and-fill forms except that
they are oriented so that the tops of the forms point toward the
outside of the complex. If these were produced as the result of
convection currents as commonly hypothesized, it would be ex-
pected that the tops would be oriented toward the center of the
complex, and in addition, that the layering would be relatively
gentle and not steep as is the case for most of the Cape Neddick
layering. The origin of these zones of anomalous layering is
presently under evaluation and analysis and will be discussed in
a later publication.

In various areas within both the normal and anorthositic gab-
bros, but not in the mafic gabbro, graded layering is present
(Figure 14). In all cases the graded layers show concentrations
of the mafic minerals toward the outside of the complex, indi-
cating tops of the forms pointing toward the center. At every
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FIGURE 14. Graded rhythmi i i e
el ythmic layering in normal eabb

: feg};ie:cgo I%“la?gﬂ{ complex. Mafic concentrations lie tgwargotisi oﬁirc%ge
- conlt)a c}: ?if}?c:nlgrﬁir' _tThls occurrence of graded layering is ci?)s:
Neddiok ositic gabbro on the northeast edge of Cape

32&;.iee§:se§ved:i g}}fse graded layers dip at angles greater than 70

- In addition, rhythmic, non-graded layering i

. - s yering is present

:}?d is best deyeloped in the anorthositic gabbro. Figll)lrese;]ﬁ

1;hows very 1..11'11form, non-graded rhythmic layering exposed in
e anorthositic gabbro along the eastern shore of the Cape

fr;I‘r:llet }?8021;1;1 and anorthositic gabbros appear to have formed
e magma, probably by a process of crystal i
as s;uggested by the gl:adation from normal gabbroyinto ISJ(;EE:SF
sively more anorthositic gabbro inward and “stratigraphically’:
upward. 'I:he cortlandtitic gabbro, however, is definitely a
E)usgﬁ' unit; at one locality along Cycad Avenue (location 1
b lfd:d izl ::ﬁ anglﬂar dftragment of the anorthositic gabbro is in’
e cortlandtitic gabbro (Figure 16) d i ¢
localities the anorthositic i Rty
tie gabbro is cut by apophyses of th
}cs}tlndtltlc gabbro. Because of the inward dip of the contacisczlr‘ltci
e arcuate pattern of the various units, the intrusive units of
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Ficure 15. Uniform ungraded rhythmie layering in anorthositic gabbro,
northeast edge of Cape Neddick peninsula.

the Cape Neddick complex are believed to have been emplaced by
a process of cone-fracturing and upward displacement of the
country rock. Two periods of cone-fracturing were involved —
during the first period, the magma from which the normal and
anorthositic gabbros formed was emplaced, and during the sec-
ond, the cortlandtitic gabbro magma was emplaced. The apo-
physes of cortlandtitic gabbro represent portions of an inner
cone sheet, and the belt of cortlandtitic gabbro in the northeast
part of the normal gabbro is part of an outer cone sheet. The
pegmatitic gabbro is believed to be due to alteration of normal
gabbro by emanations arising along this outer cone-fracture.

Tatnic Complex. The Tatnic complex is a body approximately
174 miles in diameter located at the northwestern edge of the
quartz monzonite of the Webhannet pluton in the towns of Wells
and South Berwick. This complex was studied only briefly by
Wandke (1922 a).

The following rock types have been delineated and are repre-
sented on the detailed map of the complex (Plate ITI) : (1) gab-
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FI1GURE 16. Angular bloc o i o i

16 anorthositic gabbro inecl i

glftzlﬁo%"i?)lz)ro, Cycad Avenue, Cape Neddick. gl\h:oteot}‘;eclal.lz('iettai ln_l(c_(l)rtland~
ende in the cortlandtitic gabbro. Sptmiiauah

br% ':vith diorit?c _tgr}dencies, (2) anorthositic gabbro, (3) olivine

gfrenﬁ;ti? p(l)lklll'tlc gabbro, (5) quartz diorite, and (6) undif-
Vo i inti

R canics. These units are complexly and intimately

The gabbro is a dark to medium brownish- i
rock cor}taining augite, biotite, hornblende and f;:lﬁpiigxiia:%ii
dark mmera!s. It is locally layered, but individual layers tend
to Ic.)e vifeak_m comparison to Cape Neddick layering Igneou
lamination involving parallelism of tabular plagioclas;: lates 5
strongly developed throughout most of the body, and I;"orm 4
centmpetally_ dipping pattern toward the center o’f the com lSe .
The gabbro is exposed around the margins of the complex e - Xé
where cut out by olivine gabbro and quartz diorite. Sk

Anorthos_itic gabbro is dark gray, medium to coarse-grained
and essenjcla]ly unlaminated and non-layered. It is’ fobflzﬁ
comagmatic with the gabbro and is believed to form ths cr dtﬁg
cumulate “stratigraphically” above that unit. The minereﬁts)gé;
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of the anorthositic gabbro is similar to that of the gabbro except
for the relative quantities of the mineral species, and the more
calcic composition of the plagioclase. It is exposed principally
on the northwest side of the complex, inward from the gabbro.

The olivine gabbro is a very dark gray, fine-grained, relatively
uniformly textured rock, feebly layered to non-layered. It is
exposed in the southwestern part of the complex and throughout
parts of the central portion where it has not been completely re-
moved by the quartz diorite. Contacts of the olivine gabbro with
the other phases of the complex have not been observed. How-
ever, considering the outcrop pattern of the different units, the
olivine gabbro is older than the quartz diorite, but younger than
the voleanics and normal gabbro, and possibly of the same age as
the poikilitic gabbro.

The poikilitic gabbro, which may be a phase of the olivine
gabbro, is exposed in two arcuate zones within the normal gabbro
__one extending from Tatnic Hill northward for approximately
one mile and the other extending along the top of Welch Hill in
the northwestern part of the complex for a distance of about 1/3
of a mile. This unit is characterized by large poikilocrysts of
hornblende up to 3 inches in diameter. In many places layering
is present, but differs from that in the other gabbros. In this
unit the layering is produced by the streaking-out of the horn-
blende poikilocrysts.

Patches of volcanics of various types, not differentiated on
the map, are common throughout much of the southern 2/3 of
the complex. Both flows and pyroclastics are represented and
consist of such types as andesite porphyry, basalt porphyry, fel-
site porphyry, agglomerate and possibly some tuff. On the top
of Brown Hill, on the western side of the complex, agglomerate
resting on slightly rotated blocks of the Kittery formation is
excellently exposed. It consists of fragments, ranging from a
fraction of an inch up to one foot in diameter, of the rock types
mentioned above plus fragments of the Kittery formation.

Quartz diorite has intimately intruded all other rock units of
this complex. It is a light buff-gray, medium-grained biotite
hornblende quartz diorite which weathers quite rapidly. Locally
where it contains numerous digested fragments of volcanics or
Kittery formation, it has been markedly contaminated forming a
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hybr%d of intermediate composition and color. In areas where
relatively u.ndigested, tabular fragments are common, they have
a rather unlform concentric arrangement, with dips ra’ngind from
60-70 degrees inward at the outer margin of the body t; hori-

zontal near the center. The orientati : . .
shiowi 1 Plate 1L, ation of these inclusions is

Alfred Complex. The Alfred complex underlies a series of
arcuate h‘ills on the northwestern side of the Lyman pluton near
Alfred village. To the writer’s knowledge, the geology of this
complex has never before been studied.

_The _A]_fr_ed complex consists of four units: (1) noritic gabbro
with dioritic tendencies, (2) anorthositic gabbro (not shown sep-
arately), (3) monzodiorite, and (4) porphyritic granodiorite
(Plate IV). In addition, there are numerous blocks of the sur-

rounding metasediments included in th i
e e ma
noritic gabbro. rginal parts of the

The noritic gabbro is exposed as a crescent-shaped mass about
2 m1¥es long by 114 miles wide. It is fine to medium grained
r_elat-lvely even-textured and consists of plagioclase of composi:
th'Il An{,,_.l,.,, augite, hypersthene, biotite, hornblende, and opaque
oxides with minor amounts of quartz, alkali feldspar ,and apatite
Throughout all but the border portions of the bod{r, the noritic'
gabbro possesses a very strong igneous lamination involving not
onl}{ plagioclase, but also the dark minerals hypersthene and
augite. Layering is present locally, but is generlally non-graded
and 'non—rhythmic. It commonly takes the form of short. dis-
cont{nuous bands delineated by concentrations of mafic min:erals
z_md In some cases by concentrations of plagioclase. More layer-
ing would probably be observed were it not for the fact that the
exposures have their greatest development parallel to the layers
rather than across them. The igneous lamination describes a
generally ancentric pattern with gentle dips toward the center
of the noritic gabbro as shown on the map of the complex (Plate

IV). Layerin . . ’
St yering where present, is parallel to the igneous lami-

Anorthositic gabbro has been observed at several localities
and appears to form a single layer, or possibly two layers, within
the noritic gabbro. It is light gray, medium—grained, locally
layered, essentially unlaminated, and is composed of pIa,gioclas-e
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of composition An.-.,, augite, hypersthene, and opaque oxides,
with minor amounts of biotite, hornblende, quartz, alkali feldspar

and apatite.

Monzodiorite and porphyritic glfanodiorite for:m a cojmposﬁi
body approximately 114 by 214 miles, elongate in a nkclnthwiiic
southeast direction. This body has cu.t out part of t e.tno];“ -
gabbro. Monzodiorite forms an oute_r ring of the composi etho i
znd varies in width from 14 to 14 m{lej; it also crops out is rt:l ;
isolated masses within the porphyritic granodlorlte.1 The fcn(l)l&
zodiorite is medium grained, light gray and genera ly ]1_1;15 fhat
tured, but locally it shows a crude igneous lamm_atlon 1be_ o
of the noritic gabbro. Minerals present are pla.gmclase, 1(1): 101;
hornblende, quartz, and alkali fel(‘ispar with minor amoutn Sed_i-
apatite, augite, hypersthene, and zircon. Inclu_swns of me .ai 4
ments ranging from 14 to 8 inches and averaging ab(.)ut.t3 in e
are common throughout many parts of the quartz diorite. e
to the lichen cover of most outcyops 1t'was not determin
whether orientation of these inclusions exists.

Porphyritic granodiorite occupies th_e centrgl part of the tcor:(f;
posite body. It is typically ﬁne-gralned,.wmh phenocryf sand
plagioclase up to 14 inch in length. In thin sectmnz qu&r znon-
alkali feldspar are a little more abux_lé.lant thaq 1¥1t entains
porphyritic monzodiorite. The porphyritic granodiorite co
few if any inclusions.

The monzodiorite is older than the porphyritl? granod;orglee.
At one point where the contact between the two is expose ’deﬁ-
latter is chilled against the former. The monzodlorliced_}st .
nitely younger than the noritic gabbro based on areal dis olritic
tion of both rock units, and the pljesence of numerou: n -
gabbro inclusions in the quartz diorite near the Bennet ~?u§ 3;
at the southeastern end of the body.‘ Althoug}_l ‘.che ag‘]: re 53 (;]l’(l)t
of the anorthositic gabbro to the 1amlr}ated noritic gabbro are
clear, it appears that they are essentially of the same age.

The metasediments surrounding the Alfred complex_ aretnot
well exposed. Some of the inclusion of the metasedlénefn 3;{3;
rocks in the noritic gabbro are composefi to a large exten 1;) ei; e
manite-cordierite gneiss. Similar gneisses have beerkl) 0 Sfound
outside the complex close to the contact-but have not ein .
elsewhere. Granular lime silicate gneisses are present on

52

northern margin of the complex on Yeaton Hill, but have not
been observed elsewhere around the complex. On the north-
western side of the complex, the metasediments are mostly of

the Rindgemere type with occasional masses of gneissic musco-
vite-biotite granite.

Lebanon Diorite. The Lebanon diorite crops out as an irregu-
larly shaped body in the northwestern end of Lebanon Township.
Inasmuch as it is largely covered by glacial drift and swamp de-
posits, little is known about lithologic variations or structure
within this body. From what has been seen, it appears to he a
relatively simple diorite with no appreciable lamination or layer-
ing. In one exposure in a rotten rock pit, fresh diorite is over-
lain by 15+ feet of weathered diorite and this is in turn overlain
by about 3 feet of glacial drift, Other exposures 4 mile away
show fresh diorite to the surface, with the exception of a thin
weathering selvage about 3 inches thick

Dikes

The fourth major group of igneous rocks is composed of nu-
merous dikes ranging in composition from diabase and basalt to
rhyolite. They are most abundant in the coastal areas and tend

to become scarcer inland; in the vicinity of Berwick and San-
ford, they are rare.

These dikes have not heen studied in thin section by the writer,
but from published accounts of previous investigators (Keeley,
1914, 23 ; Powers, 1915; Wandke, 1922a; and Haff, 1939, 41, 43)
the following types among others are represented: basalt,
olivine basalt, rhyolite, diabase, trachyte, bostonite, tinguaite,
camptonite, paisanite, granophyre, and aplite,

Along the coast from Bald Head Clift, York, to Perking Cove,
Ogunquit, the writer has distinguished two general age groups
of dikes. Dikes of the older group are the more numerous, range
in thickness from 6 inches to 50 feet, and tend to be intruded
parallel to the bedding or nearly so. Only a few of them cut
across the bedding of the metasediments at large angles. Dikes
of the older group are more diversified as to type and texture,
and they commonly show strong textural and compositional layer-
ing parallel to their contacts. Occasional multiple dikes with
granitic centers are present. Within the older group, several
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subgroups based on cutting relationships, can be recognized
Jocally. ‘

The younger group of dikes consisﬁ:s of rather narrow dlkei
that transect the bedding and the dikes of the older 5‘1‘01‘11) rz:;-
nearly right angles. Only one roc}< jcype appears ~t0t e 1e§)ee
sented — basalt — which characteristically weathers toa m}i
rusty color. Dikes of the younger group do not enter into mu
ple relationships with other dikes.

Inclusions of various rock types, prin.cipall‘y granlt.cf(, aan i}ﬁz
host metasediments are common, espec_nally in the dl. es }? “
older group. They commonly are restricted to a zone In ‘;de I;ead
ter of the dike. In one small dike halfway petween E}a fz d
Cliff and Perkins Cove, a central zone carries .nume{ous ;ﬁfh
ments of garnet gneiss, granulite, and .graphltlc gn‘ellss,‘“.f -
are unlike any of the metasedimentg in the genera '110111 1?7 :
This dike and two others adjacent to it are shown in Figure 17.

§ i 1d Head Cliff, York,
in bedded Kittery formation near Ba | ,
FIS%REt}tEée gahslgltice dikes, one of which has c:entt_‘a] zone olij t;nclg?;%zstﬁﬁ
c?arsﬁ garnet gneiss, graphite schist, and actinolite granulite.
gonation in the dike in the center foreground.
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Approximately 1.2 miles east-southeast of Tatnic Hill a dike
nearly 100 feet wide cuts the quartz monzonite. It has a medium
grained diabasic texture in the central portion and has developed
a contact metamorphic zone in the quartz monzonite approxi-
mately one foot wide.

A prominent diabase dike cuts the breccia zone in the Rye
volcanics near the southeastern tip of Gerrish Island. This dike
is approximately 100 feet wide, and can be followed along strike
for a distance of approximately 1000 feet before it disappears
Lbeneath a surficial cover. By the fact that it is younger than
the breccia which involves older dikes, this dike may possibly be
correlative with one of the phases of the Cape Neddick complex.

Approximately one mile due west of Moody Point in Wells
there is a diabase dike approximately 100 feet wide, striking
about N 20°E, generally parallel to the local structural trend.
This dike, which is choked with inclusions of vein quartz up to
one foot in length and ocecasionally fragments of granite and the
Kittery formation, can be followed along strike for over 2000 feet,

In the part of Wells Township referred to as Wells Branch,
there is a poorly exposed mass of dark gray, fine to medium
grained diabasic-textured gabbro which intrudes the biotite
granite of the Webhannet pluton. From the known distribution
of outcrops, this body is at least 300 feet wide and 1000 feet long.
Like the Lebanon diorite, it is deeply weathered with one rotten-
rock pit showing 8+ feet of residually weathered gabbro which
preserves the textures and structures of the fresh rock. Al-
though this body is represented on Plate I by the symbol for the
basic complexes, it may be correlative with the group of dikes.

Age Relationships of the Major Intrusive Groups

General Statement. Relative ages of the major intrusive groups
may be determined in the following ways: (1) cutting relation-
ships seen in actual outerops, (2) outcrop pattern of rock types
such as would indicate that one type cuts another, (3) similarity
of sequence of intrusive types, (4) similarity of structural char-
acteristics, (5) gross lithologic similarities, and (6) cutting rela-
tionships involving the older group of dikes. '

Elongate Plutons. The Webhannet, Lyman, and Biddeford plu-
tons are believed to be generally equivalent in age, based on the
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following lines of evidence: (1) the_general textura% and colrlI;
positional similarity, and (2) elongation of these bodlesdpara 5
to the regional structural trends of the ﬂa‘nklng metase ll’rllechl. é
These bodies are regarded as late tectom.c masses, correla _1Vn
with the New Hampshire-Hillsboro p.lutonlc series of Devoni?)
age. A date of 300 million years obtained by pyonsf, et al (195
for the Biddeford pluton, lends strength to this belief.

Agamenticus Complex. The Agamenticus complex is 211 pos};tf—l
tectonic intrusive association clearly younger t‘han the_f Onga;n :
plutons. In the South Berwick area, the alkaline g'ran} gl meor-
ber of this association intrudes and cuts out a considera z}t)ual
tion of the quartz monzonite of the Webhannet plutor}.h Ltern
contacts of the two rock types observc_ad along. the '1101‘51 eals.lled
edge of the alkaline granite show alkaline gr.amte slightly c;lthe
against the pink-weathering quartz n_nonzomte. _Becausetot‘uc_
alkaline nature of these rocks and thelr' sharply dlscordgn 15 Lt a1
ture, the Agamenticus complex is cqn31de}"ed to be equiva er}ill r
the White Mountain plutonic-vol_camc geries of New Hamps ;
of Permian or later age (Toulmin, 1961).

Basic Complexes. The Cape Neddick,. Tatnic, and Alfred 1(3(:;1(;
plexes and the Lebanon diorite are be]u?ve.d t(.) be close y er aive
in age and genesis on the basis of (1) similarity olf thle mt Jm?li :
rock types — gabbros and diorites, (2) generally_ circu atr E ea ]f)d
tical outlines, (3) strongly discordaflt, cross cutting contacts,

(4) lack of post-intrusion deformation.

i i learly yvounger than the
The Tatnic and Alfred bodies are ¢ ' youngs ‘ ;
calc-alkaline plutons based on their areal distribution with re

spect to the quartz monzonite of the Webhannet pluton and to.

the Lyman pluton respectively. By association, the Cape Ned-
dick complex is also younger than these masses.

There remains the guestion of the ages of these 'bodies “.-'ith
respect to the Agamenticus complex. Here t}icetculzﬁlngc reéa;}zg-
i i i ith respect to the Cap -
s of the major group of dikes wit ]
z?élrzgczmplex and alkaline granite are of paramount lmportan.ci.
At York Beach in the vicinity of the mouth of thfa Cape Ngddlc
River, numerous diabase dikes cut the a.lka.hne granite or
apoph,yses of the alkaline granite and nowhere 15, thf[ reverse —
i i ite — observed. owever, on
i dikes cut by alkaline gramte‘ 0
?31:;: S§eddick peninsula, all diabase dikes are cut by the normal
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gabbro of the Cape Neddick complex. There is no reason to
suspect that these dikes on the Cape belong to another group
than those in the vicinity of Cape Neddick River; on the con-
trary, they are similar in structural habit, abundance, and gen-
eral rock types. Thus it is concluded that the Cape Neddick
complex and, by association, the Tatnic and Al
are younger than the Agamenticus complex.

Toulmin (1961) has recentl
of the alkalic rocks of New E
two groups of alkalic r
million years,
of the Agamen
rocks of the ba

fred complexes

y reviewed the radiometric ages
ngland and suggests that at least
ocks exist with ages of about 185 and 270
If this distinction is real, it may be that the rocks
ticus complex belong to the older group, and the
sie complexes are members of the younger group.

Dikes. The major group of dikes which are so abundant in the
metasedimentary formations in the coastal portions of the map
area are believed to be generally of the same age, intermediate
between that of the York alkaline complex and that of the gabbro
complexes. Dikes of this group are known to cut all the meta-
sedimentary formations and all the igneous rock bodies with the
exception of the gabbro complexes. There are minor dikes with-
in all the units of the basic complexes, but these are believed to
be related to the complexes and not to be part of the major group

of dikes. At present no age can be assigned to this major group
of dikes.

STRUCTURE OF THE METASEDIMENTS

The structure of southern York County is relatively clear and
is shown in Figure 11 and on section A-A’ and B-B’ of Plate I,
The area lies on the northwest limb of the Rockingham anti-
clinorium, the axis of which is located in the Rye Beach area,
New Hampshire, and on the southeastern limb of g synelinorium,
the axis of which is the Lebanon syncline oceupied by the Towow
formation. The formations progress from the Rye on the east,

through the Kittery, Eliot, Berwick, Gonic, and Rindgemere to
the Towow on the west,
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In the southern half of the map area (Plate I) the following
major folds are present, delineated principally by the map pattern
of the formations involved, particularly the Eliot formation:

(1) The Eliot syncline, plunging southwest and extending
northeastward through the town of Eliot to the margin of the
Agamenticus complex. The Eliot syncline is a branch of the
Great Bay syncline in New Hampshire (Billings, 1956).

(2) The Raitt Hill anticline, a broad southwest-plunging
flexure separating the two branches of the Great Bay syncline.
In Maine this anticline is largely occupied by the southern prong
of the Webhannet pluton and may be due to doming by forceful
injection of the quartz monzonite of the pluton. In New Hamp-
shire, the anticline dies out in the vicinity of Great Bay.

(3) The South Berwick syncline, a doubly plunging structure
culminating in the vicinity of Dover, New Hampshire. In the
South Berwick area this fold plunges to the northeast, but south
of Dover, New Hampshire, it plunges south-southwest, merging
with the Eliot syncline to form the Great Bay syncline where
the Raitt Hill anticline dies out.

(4) The Exeter anticline, plunging to the northeast and ex-
tending northeastward between Berwick and South Berwick. In
New Hampshire the core of the anticline is largely occupied by
the Exeter pluton.

(5) The Lebanon syncline, a doubling plunging structure in
which the Towow formation is preserved. This syncline is com-
plicated by two small satellite anticlines and synclines.

Only general dips of the limbs of these structures are shown
on section A-A’ Plate I. Local dips, however, are steep due to
the superposition of minor, nearly isoclinal, folds on the major
folds.

Folds in the northern half of the map are not so clearly indi-
cated because of the lack of outecrops in key areas. However,
from work now in progress by the writer in the Buxton and Port-
land quadrangles to the north of the map area, a syncline plung-
ing southwest must be the major structure between the northern
end of the Biddeford pluton and the Lyman pluton. This would
represent the northern extension of the South Berwick syncline.
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Ehe southeastern limb of the syncline in the vicinity of West
fannebunk appears to be complicated by a series of minor anti-
gllrngsl and synclines. The Exeter anticline appears to be occupied
t} 1 e Lyman pluton. The Raitt Hill anticline, sharply over-
urned to the northwest (section B-B’, Plate I) extends in an arc
convex to the northwest from the Webhannet pluton to the Bidde-
ford plut(?n. The Eliot syncline apparently passes out to sea
probably in the vicinity of Ogunquit, Maine. ,

General structural trends are quite uniform in the southern
half of the map area, ranging from N 60° E in the Kittery-Eliot-
York area to N 20° E in the Wells area. Between Wells and
Kennebunkport the structure trends change from N 20° E to
egst—west, and finally to nearly north-south at the edge of the
Biddeford pluton. The Biddeford pluton is elongate generally
parallel to this divergent trend. It is probable that the pluton
was not the cause of the divergence but was merely emplaced
along a favorable structural site afforded by this divergence. On
t}.}e northern side of the pluton the trend is approximately N 70°
W but gradually becomes a more normal northeasterly trend just
north of the map area. In the Lebanon-Acton area, the struc-

tural trend is variable but there is a tendency for a swing to
the northwest. e

Dips of cleavage, bedding, and gneissic foliation are usually
steep to the northwest. Between Kennebunk and West Kenne-
bunk, however, bedding in the Kittery formation on the south-

east limb of the Raitt Hill anticline dips very tl o
(10 to 20°). I y gently southeast

Minor folds with vertical to steeply-dipping axial planes are
very common in the Kittery formation and can best be observed
in coastal exposures from Kittery to Biddeford Pool. Figure 18
sl’}ows minor folds typical of the Kittery formation in the vicinity
of Bald Head Cliff in York. Inland, crests or troughs of minor
f01d§ are seldom seen in any of the metasediments, but the folds
are inferred to be present in a similar manner. In places, they
can be inferred from such evidences as local changes in di,p and
strike, minor drag folding, and graded bedding.

Min_or faults and shear zones are commonly observed along the
coastline, but none was observed with apparent displacement of
more than a few feet. Many of the faults are marked by deep
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.y i V itter i Bald

i folds in thin-bedded Kittery formation near
Ilf‘lfzilginglilf?f. YI:)(I;E.O r Note how the light colored c?.mpetent"beds have blf.ell.]
broken into tablets parallel to the cleavage and “intruded” by the darker-

colored incompetent units.

iron staining, resulting from the weathering of minute pyrite
grains, and coarsely crystalline calcite is commonly present along
the fault surfaces. Many of these faults cut both the n}etasedl-
ments and the older set of diabasic dikes in the metasediments.

On Tsrael’s Head in Ogunquit, there is a minor structure of
marked divergence from the normal northeast t'rend of the area.
Details of this structure are extremely confusing. In g'enlerali
the dips and strikes are nearly at right angles to the rc?glona
trend and would seem to represent plunge rather than dip of a
limb of a major fold. This may represent the nortbeas}:ern ex-
tension of the trough of the Eliot syncline. Part qt th_ls gtruc-
ture resembles a small-scale nappe. Graded bedc_hng indicates
that many of the beds are inverted, and a few major recymbent
drag folds show long inverted limbs and short upright limbs.
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ECONOMIC GEOLOGY

Relatively little mineral production comes from southern York
County at the present time. The mineral industry of the area,
excluding the use of water and the stripping of sand and gravel,
is restricted to granite quarrying and brick manufacture. Gran-
ite is quarried from two openings operated by the Swenson
Granite Company of Concord, New Hampshire. The oldest of
these is the Bald Hill Quarry in Wells, where uniform-textured
pink biotite granite of the Webhannet pluton has been produced
for over 35 years. The other opening is the Pine Hill Quarry in
York, Maine, which was opened by the company in 1958 in the
typical green phase of the alkaline syenite of the York alkaline
complex. Bricks are manufactured by the Morin Brothers Com-
pany of Eliot, Maine. The raw material is obtained from a local
pit developed in post-glacial marine clay.

Early in this century, granite was actively quarried through-
out southern York County. There were several quarries in Al-
fred, Biddeford, Wells, South Berwick, and Arundel, locations
and additional information on which are given by Austin and
Hussey (1958).

During the 1870’s and early 1880’s, a series of adjacent pros-
pects along Little River in Acton and Lebanon Townships were
opened for silver, lead, and zine. Sphalerite, galena, and some
chalcopyrite are associated with vein quartz, arsenopyrite, pyrite,
and pyrrhotite for a considerable distance along the stream.
This vein quartz may represent a silicified fault zone in the upper
part of the Rindgemere formation. Mining activity was short-
lived due to low grade and narrowness of the ore veins. Further
details on the individual prospects and mines of the Acton silver
district are given by Hussey and Austin (1958).

Southern York County is an area worthy of future exploration
for mineralization. Lack of interest in the past in the mineral
potential of the area has largely been a result of scarceness of
outcrops, particularly of the metamorphic rocks that might well
Le host rocks of mineralization. Few traces of mineralization
have been seen in the existing outerops. However, with the vari-
ous geophysical and geochemical prospecting techniques avail-
able today, we are able to obtain some idea of the mineral po-
tential of areas where bedrock is concealed by surficial cover. It
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might be rewarding to employ such methods in southern York
County. An airborne magnetometer survey of the Berwick quad-
rangle already has been prepared by the U. S. Geological Survey
(Bromery, et al, 1956) and shows several moderate magnetic
anomalies in Lebanon and Acton Townships which, in general,
are related to the sulfide-rich and carbonaceous (?) rocks of the
Towow and upper Rindgemere formations. Another anomaly
of moderate intensity extends along the inferred northwestern
contact of the Gonic formation with the Rindgemere formation.
No information has been obtained to date to shed light on the
possible cause of this anomaly. Both areas are worthy of fur-
ther geophysical and geochemical study.

GEOLOGICAL HISTORY

General Statement. The first events of the geologic record in
southern York County involved deposition of the sediments of
the Rye, Kittery, Eliot, Berwick, Gonic, Rindgemere, and Towow
formations during the geosynclinal phase of the geologic history.
Major breaks in this sedimentary sequence are believed not to
be present, but without paleontologic evidence, this is an infer-
ence rather than an established fact. As mentioned previously,
the ages of the different formations are tenuously, and tenta-
tively, established on the basis of long range lithologic covrela-
tions to fossiliferous areas.

Geosynclinal Stage. The geologic record of the area begins
with the deposition of interbedded volcanies and sediments of
the Rye formation during some part of Ordovician (?) time. The
voleanic activity appears to have been more in the form of erup-
tion of pyroeclastics than of flows. The earliest of the volcanics
were of rather basic character — probably andesitic — but rap-
idly changed with time to rhyolitic types. The sediments de-
posited contemporaneously with the volcanics were generally of
an argillaceous nature, although fine-grained sandy materials are
represented. At one stage in the sedimentation, deposition of
the acid volcanics ceased and carbonaceous argillaceous sedi-
ments accumulated, followed by a period in which a thin lime-
stone unit formed. After this event, deposition of acid voleanics
and argillaceous sediments resumed and continued until sedi-
mentation of the Kittery type began.
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anfintiiﬂ%; .fﬂuria’_l ('?) time, pyroclasti.c voleanic activity ceased

- (;dt-ery sediments were deposited. The well developed

Hon At Ing of the Kittery sediments suggests that deposi-

currentsy 'Ifwe be:en brought about by the action of turbidity

Pl 5 he thickness of sediments deposited during Kittery
1S not known but was considerable.

ater in Silurian (?) time, Kittery sedimentation gave way

tt;ulfil;ot type sedimentation, differing from the former in the
?n fy of quartz supplied to the basin of deposition, and consist-
g of rather chloritic and aluminous argillaceous materials.

Deposition of Eliot sedi
e iments may also have been brought
by turbidity current action, R

tio’fl(’;‘;l;iat.hg end oi." Silurian (?) tlime, Berwick type sedimenta-
becamepméﬁ - hIt differed fror.n Eliot type i.n that quartz again
e : € abundant, and limy or dolomitic beds were more

monly formed, and aluminous materials were lacking.

Chloritic materialg wer : . ;
o : e still dominant and
biotite-rich . gave rise later to

ablI‘n tf]early Devonian (?) time, Berwick-type sedimentation

UD_ v gav'e way to deposition of alumina-rich argillaceous
matema.ls which through metamorphism gave rise to the present
muscovite phyllites and schists of the Gonie, Rindgemere, and in
part,'the Towow formation. Such argillaceous sediment,s char-
acterized the remaining history of sedimentation.

Post-Towow sedimentation is not recognized.

Tectf)mc_ Sta:ge. No field evidence seen during the period of in-
vgstlgatlon indicates any tectonic activity related to the Taconic
d_1s'turbance.of Late Ordovician time, although the voleanic ac-
tivity a_ssocmted with the Rye formation may be a side effect
(assuming that the formation is of Ordovician .age) It has been
conclyded that the deformation of the area is rélated to the
Aca.dlan _l'evolution which took place during Middle or Late De-
vonlgn time. The sedimentary rocks were first deformed into
relatively l?road, open major folds. As the tectonic intensity in-
creased, minor folds and drag folds were superimposed on the
larger folds and the sedimentary rocks were metafnorphosed
Toward the close of the tectonic stage, after the forces had-
largely subsided, large masses of calc-alkaline granitic material

63




were emplaced to form the various plutons of the New Hamp-
shire-Hillsboro plutonic series. These were late tectonic rather
than syntectonic masses on the basis that they show only slight
foliation. Some of the minor granitic bodies which are restricted
to the Rindgemere formation may have formed at a slightly
earlier time during or shortly after the peak of metamorphic

activity.

Post-Tectonic Stage. The next events took place in the final
phage of the geologic history — the post-tectonic stage. The
members of the Agamenticus complex were emplaced some time
after the Late Devonian, possibly during Permian or Triassic
time.

The ages of the remaining post orogenic events are speculative.
Following the emplacement of the alkaline complex, the great
majority of the basaltic to rhyolitic dikes were probably inj ected
within a relatively short period of time. Previous investigators
have suggested a Triassic age for similar dikes elsewhere, but
this deserves further study.

After an unknown lapse of time, volcanic activity was resumed.
The breccia zones on Gerrish Island, the voleanic breccia asso-
ciated with the Cape Neddick complex and the volcanics associ-
ated with the Tatnic complex are believed to have been formed
at this time. As the volcanic activity became more intense, basic
magmas were injected and through processes of crystallization
differentiation gave rise to the difterent phases in the various
basic complexes. The Lebanon diorite probably belongs to this
period of magmatic activity. The age of this activity is un-
known. The intrusion of the basic magmas and their subsequent
solidification brought to a close the bedrock history of the area.
Since that time, the southern York County area has undergone
extensive denudation and, recently, glaciation and post-glacial
marine sedimentation.
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