Bedrock Geology
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SOURCE OF GEOLOGIC INFORMATION

Field work by David P. West , Jr. in 2006 and by David
P.West, Jr.and Evan D. Ellenbergerin 2007.
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quadrangle, scale 1:24,000 using standard U.S. Geological
Survey topographic map symbols.
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EXPLANATION OF UNITS

Intrusive Rocks

Mesozoic(?)

A Diabase. Dark gray to black, fine-grained diabase. One dike one meter wide
20\ nql Was observed, in the southeastern portion of the quadrangle (shown by a red
symbol).

Permian-Devonian(?)

[ ] Litchfieldite and syenite of the Litchfield pluton. Light gray, medium-
"PDIs | grained to very coarse-grained, foliated to non-foliated, biotite + cancrinite +
+ +

sodalite nepheline syenite, named litchfieldite by Bayley (1892) for this
occurrence. In the northeastern portion of the pluton are light gray, medium-
grained, non-foliated aegirine-riebeckite syenites. The pluton is poorly
exposed (mapped primarily from boulders) and occupies a roughly 7.5 km’
circular topographic low along Cobbosseecontee Stream. Barker (1965)
describes field relationships and rock types.

Devonian(?)

Tourmaline granite and pegmatite. Light gray, coarse-grained to pegmatitic
Dtp | tourmaline+ muscovite £ biotite = garnet granite. Euhedral to subhedral black
tourmaline grains up to 10 cm in length are characteristic. While only two
small intrusions are shown on the map, other small dikes and sills, too small to
be shown at the map scale, intrude rocks of the Central Maine sequence.

Muscovite-bearing granite. Light gray, fine-grained to medium-grained,

Dm . ! X o X .
9 non-foliated, muscovite-bearing, biotite + garnet + tourmaline granite.

Pegmatite. Light gray, very coarse-grained to pegmatitic, weakly foliated to

Dp non-foliated, biotite = muscovite = garnet granite.

Dg Biotite granite. Light gray, medium-grained to coarse-grained, moderately
foliated to non-foliated, biotite granite.

Metamorphosed Intrusive Rocks

Devonian

Hornbeam Hill gneiss. A deformed and metamorphosed pluton containing
the following rock types: (1) Light to medium gray, medium-grained to coarse-
grained plagioclase-quartz-K-feldspar-biotite + garnet + hornblende gneiss.
This rock, interpreted to represent metamorphosed tonalite to granodiorite, is
characterized by relatively coarse grained poikilitic red-brown garnet up to 2
cm across. (2) Light gray, medium-grained to coarse-grained K-feldspar-
quartz-plagioclase-biotite + garnet gneiss. This rock is interpreted to represent
metamorphosed granite. Although contacts between these two rock types are
not mapped, occurrences of the tonalitic to granodioritic gneiss (1 above) are
indicated by a colored dot.

Dhh

Stratified Rocks

Central Maine Sequence
Silurian(?)

Sangerville Formation. Light gray, thin-bedded, fine-grained to medium-grained, quartz-plagioclase-biotite-
Ss muscovitetgarnet granofels and schist, poorly exposed in the northwest corner of the quadrangle. Assignment to

the Sangerville Formation is based on correlation with rocks mapped to the northeast (Osberg, 1988; Tucker and
others, 2001) and southwest (Hussey, 1983; Moench and others, 1995) as shown by Osberg and others (1985). A
unit of gray impure marble, the Patch Mountain Member, has been mapped along strike elsewhere in the
Sangerville Formation and probably exists in the Purgatory quadrangle. No limestone was observed, but due to
poor bedrock exposure its presence could be entirely concealed. The northeast-trending topographic low area west
of Tillson Road might be underlain by a more casily weathered unit of limestone.

Vassalboro Formation. Light gray, fine-grained to medium-grained, non-rusty weathering plagioclase-quartz-
Sv biotite granofels interlayered with greenish gray, fine-grained calc-silicate granofels and occasional layers of light

gray, medium-grained mica schist. Layers range inthickness from2 to 25 cm.

Waterville Formation. Light gray, medium-grained to coarse-grained, non-rusty to slightly rusty weathering
Sw | quartz-biotite-plagioclase-muscovite-sillimanite+garnet schist interlayered with light gray, non-rusty weathering,
fine-grained to medium-grained quartz-plagioclase-muscovite + garnet granofels. Some schistose layers contain

up to 20 modal percent sillimanite. Layers range in thickness from 2 to 20 cm. In general, rocks northwest of the
belt of Swm in the Tacoma Lakes contain a greater abundance of sillimanite schist, while rocks southeast of that
belt of Swm contain a greater proportion of granofels and occasional greenish gray calc-silicate layers.

Rusty schist and granofels. Medium to dark gray, medium-grained to coarse-grained, deeply rusty
weathering, sulfidic, graphitic, quartz-muscovite-biotite + sillimanite schist and granofels. This
member is at the top of the formation. The biotite is nearly colotless or very pale brown in thin section,
which indicates it is very Mg-rich. Some horizons contain elliptical graphite-rich masses up to 3 cm in
length. Layer thickness is difficult to determine due to the deep rusty weathering.

Swr1

Impure marble. Light gray, medium-grained to coarse-grained impure marble interlayered with
greenish-gray, fine-grained to medium-grained, calc-silicate granofels. Impurities within the marble
include biotite, diopside, calcic amphibole, epidote, and sphene, and in places constitute over 50% of
the rock. Layers range in thickness from 0.5 to 10 cm and weathered exposures typically exhibit a
distinctive ribbed appearance.

Swm

Calc-silicate granofels and impure marble. Greenish-gray, fine-grained to medium-grained calc-
silicate granofels interlayered with medium gray, fine-grained quartz-plagioclase-biotite granofels and
light gray, medium-grained to coarse-grained, impure marble. The marble contains variable amounts of
diopside, calcic amphibole, scapolite, sphene, and epidote. In most outcrops the abundances of these
three rock types generally follow the order listed above, from most to least. Layers range in thickness
from 0.5 to 15 cmand layers of granofels in marble are often discontinuous.

Swce

Rusty schist and granofels. Medium gray, fine-grained to medium grained, moderately to deeply
rusty weathering, sulfidic, quartz-biotite-muscovite schist and quartz-biotite-tremolite granofels. This
member is within the formation, commonly near Swm or Swe. Layer thickness is difficult to discern
dueto deep rusty weathering. Rare zones of impure marble up to 2 meters across are present locally.

Swr2

Silurian-Ordovician (?)

Hutchins Corner Formation(?). Medium gray, fine-grained to medium-grained, quartz-plagioclase-biotite

SOhc?| granofels and schist, with subordinate layers of greenish-gray, fine-grained to medium-grained calc-silicate

granofels. The gray granofels layers range from 2 to 20 cm in thickness; the calc-silicate layersare commonly
thinner to discontinuous. Outcrops are typically slabby weathering with rusty foliation surfaces. Pegmatite
dikes and sills are common. Rock types are similar to those in the Vassalboro Formation.

Falmouth-Brunswick Sequence

Ordovician (?)
Nehumkeag Pond Formation. Light gray, medium-grained to coarse-grained plagioclase-quartz-
Onp | biotite + garnet gneiss and schistose gneiss. The gneisses are commonly migmatitic, and pegmatite
dikes, sills, and boudins are common. Subordinate rock types include medium gray to greenish-gray,

—A__A_ . A

medium-grained, hornblende-bearing calc-silicate gneiss, and medium gray, medium-grained,
slightly to moderately rusty weathering, sillimanite-bearing mica schist.

Richmond Corner Member. Heterogencous unit dominated by medium gray, medium-
grained, non-rusty weathering, quartz-biotite-plagioclase gneiss. Subordinate rock types
include garnet-rich feldspathic gneiss interlayered with coticule, and sulfidic schist. This
unit is inferred to underlie the southeastern corner of the quadrangle based on exposures in
the Gardiner quadrangle to the east, and the Bowdoinham quadrangle to the south.

Onprc

EXPLANATION OF SYMBOLS
. Outcrop of mapped unit.
o Large or abundant float blocks, presumed to represent underlying bedrock.

] Occurrence of tonalitic or granodioritic gneiss in Hornbeam Hill gneiss.

/2 , Strike and dip of mafic dike (Inclined).
A,y X Strike and dip of foliation (Inclined, Vertical).
/20 Trend and plunge of mineral lineation, on foliation surface (Plunging).

Val Trend and plunge of fold axis (Plunging).
Strike and dip of joint (Inclined, Vertical).
Quarry, inactive.

@ Location of photo shown in sidebar.

EXPLANATION OF LINES

Stratigraphic or intrusive contact between mapped units (Well located,
Approximately located, Poorly located).

Inferred high-angle fault (Well located, Approximately located, Poorly located).

Inferred pre-metamorphic thrust fault, teeth on overthrust side (Well located,
Approximately located, Poorly located).

EXAMPLES OF BEDROCK TYPES AND NOTABLE FEATURES

Note: These photographs are included forillustration only. Public access
to the locations is not implied. Any locations on private property require
permission of the landowner before being visited. In particular, stopping

- e e A

Photo 1. Migmatitic gneiss of the Nehumkeag Pond Formation (Onp),
partly covered by lichen. The darker gray layers contain more black mica
(biotite) than the lighter gray layers. The foliationis defined by the layers.
There is a prominent area of granite in the lower right corner of the
photograph. Thinner layers and wisps of granitic rock are scattered
through the gneiss. The presence of granite in the gneiss makes it a
migmatite. Road cut on Maine Turnpike north of Pleasant Pond, east
edge of map.

on the Maine Turnpike is dangerous and prohibited. Special permission
from the State Police was obtained by the geologist for access to the
Turnpike localities shown here.

Photo 2. Layered granofels of the Hutchins Corner Formation(?)
(SOhc¢?). Its smooth surface is a reflection of the granular texture of the
rock, a characteristic of granofels. The hammer rests on a thick layer of
slightly rusty weathering quartz-plagioclase-biotite granofels. The
lighter, greenish-gray layer to the left of the hammer point consists of
calc-silicate granofels.  Granofels of these two compositions is
interlayered in the Hutchins Corner Formation. West side of Stevenstown
Road, about 4000 feet north of Lunts Hill Road, Litchfield.

Photo 3. Medium gray, medium-grained thinly layered granofels of the
Waterville Formation (Sw). Darker layers have a higher content of black
mica (biotite). FastofJimmy Pond, Litchfield, near west edge of map.

Photo 4. Sillimanite-garnet schist of the Waterville Formation (Sw).
Elongate, milky white grains are sillimanite. Garnets are tiny, round,
pinkish grains. The alignment of minerals from left to right in this
photograph defines the foliation, or schistosity, an important aspect of the
rock structure. Same location as Photo 3.

Photo 5. Characteristic ribbed weathering pattern of impure marbles of
the Waterville Formation (Swm). The raised ribs are rich in more
resistant silicate minerals such as diopside and quartz, while the recessed
layers are dominated by more easily weathered calcite. Northern end of
Sheep Island in the southern part of Cobbosseecontee Lake.

Photo 7. Coarse-grained sillimanite schist of the Waterville Formation
(Sw). Large white to bluish-white masses are sillimanite. Silvery
reflective flecks are white mica (muscovite). South side of Route 9 and
126, near Hatchery Road intersection, Monmouth.

Photo 9. Light purplish-gray biotite granofels interlayered with pale
greenish calc-silicate granofels of the Vassalboro Formation (Sv). South
side of Route 9 and 126, west of Whippoorwill Road intersection, north
end of Oak Hill, Monmouth.

JUSTIFICATION FOR THE MAPPED FAULTS

Messalonskee Lake thrust fault. The contact between the Waterville
and Sangerville Formations is mapped as a continuation of the
Messalonskee Lake thrust, postulated in the Waterville area by Osberg
(1988). Osberg (1988, p. 68-69) interprets the fault to be east-dipping and
to have formed prior to regional metamorphism and prior to the dominant
phase of upright folding. This fault is shown by Tucker and others (2001)
to the northeast, and by Hussey (1983) and Moench and others (1995) to
the southwest of the Purgatory quadrangle.

Unnamed thrust fault. A thrust fault through the middle of the
quadrangle is proposed here to account for lithologic differences across it.
The central issue is whether the broad unit of granofels east of the fault
(SOhc¢?) belongs to the Vassalboro Formation or the Hutchins Cormer
Formation. Osberg (1988) defined the Hutchins Corner Formation as
those granofels rocks stratigraphically below the Waterville Formation,
and Osberg (in Tucker and others, 2001) re-established the use of the
Vassalboro Formation for granofels above the Waterville. Unfortunately,
reliable stratigraphic facing indicators at formational boundaries are
lacking in the Purgatory quadrangle, so the tentative assignment here of
rocks to the Hutchins Corner, which presumes they are older than the
Waterville, is based on the following, less compelling observations from
this quadrangle. Granofels of the Vassalboro is generally a lighter color
than that of the Hutchins Corner, presumably due to a lower proportion of
biotite. Granofels of the Vassalboro is typically not rusty weathering,
while that of the Hutchins Corner is slightly to moderately rusty
weathering on foliation surfaces. Calc-silicate rock and mica schist layers
are generally more abundant in the Vassalboro than in the Hutchins
Corner, although mica schist is not common in either formation. Finally,
bedding is generally slightly thicker in the Vassalboro than in the Hutchins
Comer. A second issue supporting the existence of the proposed thrust
fault is that the authors have noted subtle lithologic differences between
the Waterville Formation (Sw) exposed on opposite sides of the proposed
fault. Specifically, the Waterville Formation (Sw) southeast of the fault
contains more granofels layers, less sillimanite, and more calc-silicate
layers (although not abundant) than the Waterville Formation (Sw) to the
northwest. A third issue is the apparent absence of rusty-weathering
schist along the contact between the Hutchins Corner and the Waterville.
This contrasts with the common presence of a prominent unit of rusty-
weathering rocks along the contact between the Waterville and Vassalboro
Formations elsewhere (Tucker and others, 2001; Marvinney, in
preparation) and northwest of the proposed fault in this quadrangle
(Swrl). Itis forthese three reasons that a fault is proposed here. As with
the Messalonskee Lake thrust, this fault is interpreted to have formed prior
to regional metamorphism and prior to the dominant phase of upright
folding.

Photo 6. Light bluish gray impure marble with discontinuous layers of
dark gray biotite granofels. Waterville Formation, calc-silicate granofels
and impure marble member (Swc). FEast of Sand Pond, about 3000 feet
south of Route 9 and 126.

Photo 8. Deceply rusty weathering schist and granofels. Waterville
Formation, rusty schist and granofels member (Swrl). On slope west of
Sand Pond, about 4000 feet east of South Monmouth.

Photo 10. Litchficldite, a cancrinite-bearing, biotite nepheline syenite of
the Litchfield pluton (PDIs). The cancrinite (C) is yellow, biotite (B) is
black, nepheline (N) is gray, alkali feldspar (A) is a cream color, and
sodalite (S) is paleblue. Nepheline, cancrinite, and sodalite are all miner-
als characteristic of alkali-rich intrusive rocks. Approx. 3500 feet north of
Dennis Hill, Litchfield (Locality 23 of Thompson and others, 1998).
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GEOLOGIC TIME SCALE
Geologic Age Absolute Age*
Cenozoic Era 0-65
Mesozoic Era 65-253
PaleozoicEra  Permian Period 253-300
Carboniferous Period 300-360
Devonian Period 360-418
Silurian Period 418-443
Ordovician Period 443-489
Cambrian Period 489-544
Precambrian time Older than 544
,* In millions of years before present. (Okulitch, A. V., 2002,
Echelle des temps géologiques, 2002: Commission géologique du
Canada, Dossier Public 3040 (Série nationale des sciences de la
Terre,Atlas géologique)- REVISION.)




