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INTRODUCTION 

Retreat of the late Wisconsinan Laurentide Ice Sheet from the Boston area into southwestern Maine 
between 15,000 to 13,000 yr BP was accompanied by invasion of the late-glacial sea. Glacial and glacial marine 
sedimentation within the area of marine transgression is recorded by the surficial deposits. Recently, in 
southwestern. Maine these deposits have been mapped on large-scale 7.5-minute surficial geologic quadrangles by 
the Maine Geological Survey, and delta elevation measurements and descriptive stratigraphic section logging 
have been recorded. Timing of late-glacial events and ice retreat in the region has been better constrained by 
datable materials found in association with ice-marginal positions (Dorion, 1993; unpub. data, H. W. Borns, Jr.). 
The precisely obtained altitudes of ice-marginal deltas deposited during systematic ice retreat provide a record of 
sea level fluctuations during this time, and characterize the nature of postglacial uplift in the region (Thompson 
and others, 1989, Koteff and others, 1993). 

This trip is from a 3-day trip which will be run for the Geological Society of America National Meeting 
in Boston, Massachusetts (October 22-24, 1993), and will visit excellent examples of glacial marine deposits 
including deltas, fans, stratified end moraines, and fossiliferous glacial marine mud, as well as nearshore deposits 
associated with synglacial sealevels and later marine regression resulting from postglacial uplift (Figure 1; 
general field trip map). The trip will cover the areas currently in preparation or being mapped by the Maine 
Geological Survey to be published as 7.5-minute surficial geologic quadrangles with accompanying reports 
(Freeport, Lisbon Falls South, North Pownal quadrangles). These reports will provide descriptions of 
deglaciation in these quadrangles. In association with previous work in the lower Androscoggin River Valley 
(Retelle and Sither, 1989; Slayton, 1993), a detailed understanding of the deglaciation of the region is emerging. 
The following section describes our understanding of deglaciation in southwestern Maine to date, and is taken 
from the GSA field trip guide. 

DEGLACIATION OF COASTAL CENTRAL NEW ENGLAND 

The nature of retreat of the late Wisconsinan ice sheet from terrestrial southern New England has been 
summarized by Koteff and Pessl (l 981 ). They characterized the Laurenti de ice margin as active ice, 
systematically retreating northward with a narrow stagnant ice margin flanking live ice, and termed this mode of 
deglaciation "stagnation-zone retreat." As the margin retreated, deposits known as morphosequences were laid 
down by meltwater, and they record a relative chronology of ice recession and deposition (Koteff, 1974). The 
width of the stagnant zone varied depending on local topography, and generally appears to have been only a few 
kilometers. Minor ice readvances have been found, but the pattern of systematic and steady ice retreat is 
persistent throughout the region. Detailed surficial geologic mapping in southern and central New England 
permits a timing of events b~sed on a very consistent relative chronology of meltwater deposition to be 
constrained by the few available radiocarbon dates. 

The morphosequence concept, originally applied to glacial lake and glacial fluvial features, is equally 
useful in the glacial marin~ environment, especially in the coastal central New England area where the marine
based ice sheet was grounded rather than floating. Although a marginal stagnation zone may not have existed 
along the marine-based margin, features such as the numerous washboard moraines and ice-shoved proximal 
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portions of deltas and fans attest to nearby active ice throughout the deglacial history of the area. The glacial 
marine fans and deltas associated with the ice margin were deposited from subglacial tunnels or from glacial 
streams at their termini. Ice-marginal deglacial-phase glacial marine depos its, in particular in the coastal zone of 
Maine, have been described recently in detail by Stemen ( 1979), Jong ( 1980), Ackert ( 1982), Lepage ( 1982), 
Smith ( 1982), Smith, Stemen, and Jong ( 1982), Thompson ( 1982), Miller ( 1986), Smith and Hunter ( 1989), 
Retelle and Bither ( 1989), Thompson and others ( 1989), and Ashley and others (1991 ). The ice-marginal 
deposits to be seen during this field trip are s imilar in their internal sedimentological character to the deposits 
described in the cited studies as examples of deposits from a tem perate marine grounded ice-sheet. 

Southwestern Coastal Maine 
(with contributions by W. B. Thompson, Maine Geological Survey, State House 22, Augusta, Maine 04333) 

The following section summarizes the deglacial history of Maine's coastal lowland in the region between 
the Kennebec River and the New Hampshire border, and includes a brief description of the major types of glacial 
and glacial marine deposits that formed during ice retreat. These deposits collectively record the recession of the 
late Wisconsinan ice sheet in a marine environment, and also provide evidence of the regression of the sea due to 
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postglacial isostatic uplift. The Surficial Geologic Map of Maine (Thompson and Borns, l 985a) published by the 
Maine Geological Survey provides an overview of the area visited on this trip. 

Previous Work and Current Research. The late-glacial deposits in southern Maine constitute one of the 
best-exposed and most accessible glacial marine sequences in the continent, and have been examined by 
geologists since the l 830's. Pioneering studies were done by Stone ( 1899) and Leavitt and Perkins ( 1935). 
However, there were few detailed investigations until the l 970's, when the Maine Geological Survey began a 
surficial geologic quadrangle mapping program. This work has provided a foundation for topical studies focused 
on systematic description and interpretation of glacial marine deposits (cited above) and summarized by 
Thompson and Borns (1985b}. There is also continuing interest in using Maine's glacial marine deltas and 
shoreline features as indicators of paleosea-level and glacial isostasy (Belknap and others, 1987; Thompson and 
others, 1989; Kelley and others, 1992; Koteff and others, 1993). Research in Maine has been further stimulated 
by the concurrent surge of interest in glacial marine deposits in other parts of the world (e.g., Dowdeswell and 
Scourse, 1990; Anderson and Ashley, 1991 ). The chronology of deglaciation in the region of the marine 
submergence is better known than in the part of Maine above the marine limit, due to the abundance of shells 
and other organic materials in the glacial marine mud of the Presumpscot Formation (Stuiver and Borns, I 975; 
Smith, 1985). Currently, researchers from the University of Maine and the Maine Geological Survey are 
collaborating in an intensive search for sites where organics are included in ice-marginal deposits and can be 
collected for AMS-radiocarbon age-dating. 

Deglaciation History. It has been suggested that the late Wisconsinan glacier margin receded to the 
position of the present coastline in extreme southwestern Maine by about 13,800 radiocarbon years ago (Smith, 
1985). This conclusion is based on a single date from a coastal bluff in Kennebunk, where shells were found in 
marine sediments between till and an overlying gravelly unit. These shells were dated at 13,830 ± I 00 yr BP (QL-
192; Smith, 1985). However, recently obtained dates on Portlandia arctica shells indicate ice retreat as far north 
as Scarborough by about 14,800 yr BP, to Freeport by about 14,000 yr BP, and to Lewiston by about 13,000 yr 
BP (H. W. Borns, Jr., unpub. data). More data are needed to establish a firmer chronology of deglaciation, but 
new dates in both eastern and western Maine (Dorion, 1993, and unpub. data) suggest that ice retreat occurred at 
least a few centuries earlier than previously believed. Dates obtained by Anderson and others ( 1992), and Dorion 
(1993, and unpub. data), have also verified earlier claims that the ice margin receded to the marine limit in 
central Maine by about 13,300 yr BP. At this time, drawdown of the Laurentide Ice Sheet in the St. Lawrence 
Lowland of Quebec had already begun to isolate the northern Appalachian ice mass from the main ice sheet 
(Dyke and Prest, 1987). 

As the ice sheet withdrew into central Maine, glacial isostatic uplift eventually exceeded eustatic sea
level rise, causing regression of the sea. A wide range of radiocarbon dates have been obtained from shallow
water shell assemblages associated with the marine oftlap (about 13,000 to 10,000 yr BP; Smith, 1985; Retetle 
and Bither, 1989). However, Smith and Hunter (l 989) suggest that southwestern coastal Maine was completely 
emerged by 11,500 yr BP. As relative sea level fell, glacial sediments were considerably reworked by wave and 
current action. This process formed a patchy cover of shoreline and nearshore deposits over older Pleistocene 
sediments. Large sand plains locally overlie the Presumpscot Formation at elevations below the marine limit. 
These sand plains may have likewise resulted (at least in part) from nearshore marine erosion, though they tend 
to occur where rivers were establishing their postglacial courses and redistributing sediments in response to 
lowering base level (Borns and Hagar, 1965). 

Morphostratigraphy. The systematic northward retreat of the marine ice sheet is documented by a complex 
association of sediments and landforms deposited along the former grounding lines of the tidewater glacier 
margin throughout the coastal lowland. The most common ice-marginal deposits are composites of linear end 
moraines, submarine fans, and deltas, which are products of meltwater discharge into the marine basin at the 
grounding line. 
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End moraines. There are thousands of end moraines in the coastal lowland and they occur in clusters of 
parallel ridges, many concealed beneath younger ice-marginal deposits or blanketed by fine-grained glacial 
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marine mud (Smith, 1982; Thompson, 1982). The principal characteristic shared by most moraines is their ridge 
morphology, or at least a linear alignment along a former ice-marginal position. In general, the moraines are 3 -
45 feet (I - 15 m) high, and 15 - 45 feet (5 - 15 m) wide, with some larger moraines exceeding 300 feet (I 00 m) 
in width. Most in southwestern Maine are minor moraines, referred to as washboard or DeGeer moraines (Smith, 
1982; 1985) and are typically a few feet high to several hundred feet long and are regularly spaced around 200 -
250 feet (65 - 70 m). Larger moraines are generally more complex in morphology and composition. Many of 
the moraines are comprised of diamicton including lodgement till, debris flow deposits and glaciotectonized 
stratified drift. The larger landforms, commonly referred to as stratified end moraines (Borns, 1973; Ashley and 
others, 1991) consist of stratified sand and gravel interbedded with minor amounts of diam icton. The stratified 
moraines usually exhibit evidence of glaciotectonism, with the interstratified materials folded and thrust-faulted 
by overriding ice or ice-shove. The occurrence of the many moraines and the intimate stratigraphic relationship 
with g lacial marine sediments indicate that: (I) the grounded ice margin was active during its northward retreat, 
and (2) ice retreat was accompanied immediately by marine incursion of the coastal lowland as ice was in 
contact with the sea in a calving bay regime (Smith, 1982; Hughes and others, 1985). 

Eskers. submarine fans, and deltas. Sediment deposited by meltwater occurs in several genetically 
connected and related landforms in the ice-marginal zone and include eskers, submarine fans, and deltas. Eskers 
(Thompson and Borns, l 985a) ice-tunnel deposits (Ashley and others, 1991) or subglacial conduit facies (Sharpe, 
1988) are terms used to describe the coarse-grained sediments from a predominantly high-energy fluvial source 
that delivers sediments to the ice-proximal zones of fans and deltas. These deposits occur as distinct and 
separate sinuous ridges in valleys above marine limit (cf. Thompson and Borns, I 985a), as feeder "tails" on ice 
proximal sides of deltas (Thompson and others, 1989), and as coarse-grained cores of fans and deltas where the 
supporting ice has retreated and a delta or fan landfonn has prograded basinward over its former conduit. 

Submarine fans originate at the mouth of the esker or meltwater conduit and grade distally to the 
seafloor. The submarine fans, also referred to as submarine outwash (Rust and Romanelli, 1975), subwash fans 
(Burbidge and Rust, 1988), and grounding line fans (Powell, 1990) are irregular mound, cone, or fan-shaped 
features that commonly drape or flank the moraine ridges. Over time, particularly if the retreat of the grounded 
ice margin is halted at a pinning point on a subglacial topographic high or a valley constriction, a submarine fan 
may aggrade vertically and prograde distally and evolve into a more massive and extensive deposit that 
approaches and may eventually even reach contemporaneous sea level. In this latter and most developed case, the 
fan may eventually become a delta with a flat subaerially exposed topset plain (Powell, 1990; Slayton, 1993). 

The fan sediments represent the transition between fluvially dominated processes associated with the ice 
tunnel environment, and processes of the proglacial marine basin. Consequently, materials in the fans show 
complex stratigraphic relationships both parallel to the ice margin and distally from the former tunnel mouth. 
Sediments in the proximal zone include coarse-grained gravelly stratified materials supplied by the meltwater 
currents and diamicton that may originate from slope failure and downslope movement from the adjacent 
moraine, or ice thrust (Retelle and Sither, 1989; Ashley and others, 1991). In medial and distal zones of the fans 
the major facies include rhythmically bedded sand and mud that grade to the muddy seafloor. These sediments, 
termed cylopsams and cyclopels (Mackiewicz and others, 1984) were likely deposited by suspension from a 
highly turbid but buoyant suspended sediment (Cowan and Powell, 1990). Resedimentation of these deposits, 
particularly in the proximal and medial portions of the fan produces grain flows and debris flows of varying 
textural composition. Stratigraphic sections in the medial and distal portions of the fans are commonly fining
upward sequences (Retelle and Bither, 1989) that grade transitionally upwards from coarse proximal fan 
sediments at the base to distal fan sediments. The fining-upward sequence may either represent ice retreat with 
removal of the ice tunnel sediment source or a lateral switching of a distribution channel on the fan lobe. 
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Over 100 glacial marine deltas occur in southern Maine. The origin and stratigraphy of these deltas has 
been described and categorized by Thompson and others (1989). Although they are widely distributed across the 
coastal lowland, the largest examples are located at or near the inland marine limit in southwestern and eastern 
Maine (Figure 2). Many are localized where the ice margin was temporarily pinned against bedrock ridges and 
other topographic highs. Four categories of glacial marine deltas in Maine include ice-contact deltas, esker-fed 
ice-contact deltas, leeside deltas, and distal outwash deltas {Thompson and others, 1989). Point-source 
sedimentation for the first two types is indicated by eskers that connect with the ice-proximal side, or by 
stratigraphic and morphologic features in the proximal part of the delta. Leeside deltas formed in topographically 
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Figure 2. Marine limit and locations of deltas in Maine (Thompson and others, 1989). 
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controlled situations where the ice margin was pinned against a ridge that protruded above sea level and 
separated the ice margin from the open ocean. Meltwater flowed through a gap in the ridge and deposited the 
delta on the lee side. In most cases there was only a short distance between the ice margin and the delta head, 
and an esker may lead up to or pass through the gap. Distal outwash deltas, formed where meltwater streams 
entered the sea some distance from the ice margin, are rare in Maine. Isostatic uplift was in progress across 
much of the region as the ice withdrew inland from the marine limit. Any outwash reaching the sea was 
distributed as a thin fluvial sand across the Presumpscot Formation as relative sea level dropped in response to 
uplift. 

Many pit exposures in deltas show that they are Gilbert-type deltas, with horizontal fluvial topset beds 
(delta-plain depos its) overlying inclined foreset beds deposited on the prograding delta front (Figure 3). These 
deltas are typical of environments where coarse-grained sediments are rapidly deposited in basins of sufficient 
depth to produce a steeply-sloping delta front (Nemec, 1990). The contact elevation between the topset and 
foreset beds in Maine's deltas approximates the late-glacial sea level to which the deltas were graded. Thompson 
and others ( 1989) surveyed the topset/foreset contact elevations to define the plane of the upper marine limit. 
Isostatic uplift has tilted the plane to the southeast, and it now has an average slope of 2.82 ft/mi (0.53 m/km) in 
the Kennebec River Valley region. However, this is only a minimum gradient for postglacial tilt, because any 
uplift during ice retreat would have lowered relative sea level and reduced the s lope of the delta elevation profile. 
An estimate of postglacial tilt in the lower Androscoggin River Valley using elevations of delta tops from 
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Figure 3. Schematic drawing showing relation between glacial marine deltas and the Presumpscot 
Formation: Qps (sandy facies Presumpscot Formation) is the bottomset beds laid down as 
extensions of the foreset beds; Qpc (silty-clay Presumpscot Formation) is the distal mud deposited 
beyond the delta on the submarine plain (from Koteff, 1991). 

topographic maps and topset/foreset contact measurements from Thompson and others ( 1989) is between 3.33 
and 3.75 ft/mi (0.63 - 0.71 m/km). Koteff and others (1993) have determined the postglacial tilt from deltas in 
coastal New Hampshire and southwestern Maine to be 4.5 ft/mi (0.85 m/km), supporting their proposal for 
delayed uplift in southern New England (Koteff and Larsen, 1989). The discrepancies between the regions are 
partly the result of recent topset/foreset contact measurements and reinterpretation of previously measured delta 
elevations in the Maine - New Hampshire border area (Koteff and others, 1993). Moreover, if uplift had begun 
by the time the ice margin was in the lower Androscoggin River Valley, a less steep postglacial gradient of the 
water plane would be expected in the field trip area. 

As noted elsewhere in this guide, recent work has shown that the deltas in extreme southern Maine were 
inundated by the rising late-glacial sea (Koteff and others, 1993). The deltas have been wave eroded to varying 
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degrees, including partial or even complete removal of the topset beds. Consequently, shoreline or nearshore 
deposits of sand and gravel may unconformably overlie the eroded delta foresets, producing a stratigraphic 
relationship which may at first be confused with topset/foreset contacts. This reworking by marine processes 
also explains the scarcity of preserved meltwater channels on delta tops in southwestern Maine. Glacial marine 
deltas elsewhere in the state have distributary channels on the delta plain (Stop I, Day 3), and local terracing of 
channels on some of the larger deltas in eastern Maine (e.g ., Silsby Plain and Pineo Ridge) indicates that uplift 
exceeded eustatic sea-level rise as the deltas were forming. 

Presumpscot Formation. Glacial marine mud has been named the Presumpscot Formation in Maine by 
Bloom (1960; 1963); the unit has been mapped and extended into New Hampshire by Koteff(l991). Subsurface 
data and surface exposures show that this unit directly overlies bedrock, till, fans, and end moraines, and is 
interbedded with medial and distal components of fans and deltas (schematically represented in Figure 3.) It can 
be massive or layered, containing outsized clasts and ice-rafted debris, and is fossiliferous, with a rich 
assemblage ranging from foraminifers and diatoms through mollusc shells to marine vertebrates. It has a blue
gray color when fresh, and an olive gray color when weathered. Fractures in the weathered Presumpscot 
Formation can have iron-manganese (?) stain along them. The weathered mud was previously considered a 
different unit from the blue-gray mud, deposited by different glacial advances (Trefethen and others, 1947). 
Leavitt and Perkins (1935), Goldthwait (1949, 1951), Caldwell (1959), and Bloom (1960, 1963), however, 
attributed the color difference to postglacial oxidation. Kelley ( 1989) and Mayer ( 1990) have discussed the 
mineralogy of the Presumpscot Formation from both offshore and onshore samples. 

The Presumpscot Formation was deposited by glacial tluvial discharges directly into the glacial sea, the 
winnowed fine-grained fraction settling out as glacial marine mud (processes discussed in Retelle and Bither, 
1989). A sandy facies of the Presumpscot Formation, found overlying the fine-grained facies, is common in 
southwestern Maine (Thompson, 1982, 1987). The contact between the facies may be sharp or gradational. The 
origin of the sandy facies is unclear, however, it appears to be associated with shoaling during the regression of 
the sea. Stop 2 of Day 3 will be an opportunity to see and discuss the fine-grained and sandy facies of the 
Presumpscot Formation. Two recent symposia on the Presumpscot Formation provide an excellent overview of 
its geologic and engineering characteristics (cf. Andrews and others ( 1987), and Northeastern Section Geological 
Society of America Abstracts with Programs, 1988, SEPM symposium: "Glacial marine sedimentation: the 
Presumpscot Formation of northeastern North America and analogues"). 

Shallow Marine Deposits. Shallow or nearshore marine sediments were deposited after the ice margin and 
sediment source retreated from a depositional center, either as sea level overstepped the landforms, when isostatic 
sea level rise was greater than isostatic rebound, or as sea level fell around the landforms due to isostatic 
rebound exceeding eustatic sea level rise. The shallow marine facies (Smith, 1985; Retelle and Bither, 1989) 
contains a range of litho- and biofacies ranging from well-sorted tidal to subtidal sand to coarse bouldery lag 
deposits or lagoonal mud. The deposits include a variety of morphostratigraphic units such as beaches, spits, 
tombolos, subtidal sand bodies, and an extensive and nearly ubiquitous veneer of wave-reworked sediments. The 
deposits also display a wide range of textural maturity reflecting the source landform subjected to wave 
reworking and the available energy. 
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ROAD LOG - 7/24/93 

There is no mileage log; however, all field trip stops are located on Figure I; the stop locality map is 
from USGS I :250,000 scale topographic maps upon which the field trip route can be traced (Portland and 
Lewiston quadrangles). A location paragraph for travel to each stop contains landmark references; the stop 
description gives the estimated time to spend at each pit, the 7.5-minute USGS topographic quadrangle map 
where the stop is located, and the approximate elevation of the stop. NOTE: those visiting sites on their own 
must obtain landowner permission before venturing on private land. For future reference, locating sites could be 
facilitated by The Maine Atlas and Gazetteer published by Delorme Mapping Company, P.O. Box 298, Freeport, 
Maine 04032 (207-865-417 1 ). 

Assemble at Recompence Shores Campsites for 8:30AM departure. Carpool as many as 
possible. Campground is on the Freeport 7.5-minute quadrangle. leave campground and proceed west to 
Wolf Neck Road; turn right and proceed to end of road. Turn left on Flying Point Road which joins Pleasant 
Hill Road after approximately 0. 75 miles. After 0.5 miles from this junction, cross Mill Stream and turn right 
immediately onto Upper Mast landing Road. Proceed to end of road and turn left onto Route I South and 
proceed to signs for 1-95; after about 0. 75 miles turn right at signs for 1-95 (opposite Harraseekett Inn) and 
cross over 1-95 (over Interchange 20) and turn right at stop sign. Approximately 0. 75 miles turn right at fork 
onto Route I 25, remain on main road approximately 2. 0 mile; turn left onto Curlis Road just pas/ Florida lake 
Campground. Turn right after about 0.25 miles into gravel pit and drive lo north end of pit. 

STOP 1. SEYMOUR GRAVEL PIT (Park at north end of pit; 40 minutes; Lisbon Falls South quadrangle; 
elev. ca. 200 ft (60 m) as! in floor of pit; leader T. K. Weddle). 

This stop is in an ice-marginal moraine-fan complex, in which evidence for ice-shove and ice-contact 
collapse is well exposed. At the north end of the pit, ice-contact deposits are overlain by southward-dipping 
planar- and cross-bedded medium- to fine-grained sand, and glacial marine mud; ripple-drift cross-laminated sand 
also is present. Steeply-dipping stratified sandy diamicton in the ice-contact deposits marks the ice margin on 
the north side of the east-west trending ridge. Articulated Portlandia arctica from slumped glacial marine mud 
over ice-contact fan deposits in the north end of the pit have dated at 14,045: 95 yr BP (AA10164). The 
Portlandia are the only shells found here and are very small. As the ice margin stood at this position, it 
readvanced several times in a series of minor pulses, deforming and stacking the fan deposits that make up the 
Curtis Road ridge. In the central part of the pit, ice-shove deformed fan deposits are overlain by undeformed fan 
deposits; the thrust faults trend near 90° and dip northwest, and are associated with northwest-dipping diamicton 
bodies, apparently deposited during minor readvance of the ice. Striations (175°) nearly perpendicular to the 
thrust faults are present on exposed bedrock in the south end of the pit. 

Return to vehicles, retrace route, and access 1-95 N and proceed to Exit 24 (Topsham/ Lewiston); turn left at end 
of exit ramp (west) on Route 196 to Lewiston. Approximately 1.5 miles cross under power lines; continue ca. 
1.5 miles, observe small cemetary on left (Elm/awn Cemetary) and turn left at dirt road immediately after 
cemetary. 

STOP 2. MAINE DEPARTMENT OF TRANSPORTATION GRAVEL PIT (Turn left after entrance 
and follow road to end of pit exposure on right; 30 minutes; Lisbon Falls South quadrangle; elev. ca. 200 ft (60 
m) asl; leader T. K. Weddle) (Figure 4). 

The purpose of this stop is to see a Pleistocene nearshore deposit associated with regression of the 
glacial sea after uplift was underway. The deposit overlies glacial marine mud which rests on distal fan deposits 
of interbedded silt and fine sand. The larger exposure in the core of the fan immediately adjacent to the north 
shows the coarse nature of the proximal fan deposits associated with the ice tunnel from which the fan deposits 
originated. The flanks of the fan are mantled by massive glacial marine mud from which the pit operator claims 
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Figure 4. Locations of stops 2 and 3; northeast-trending moraine visible in lower left comer of map 
is on trend with fans at stops 2 and 3 (Lisbon Falls South 7.5' quadrangle). 
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fossil shells were found. Bloom (1960) reported a varied assemblage of fossil shells from this pit including 
Hiatel/a arctlca, Macoma calcarea, Musculus substriata, Mya arenaria, Mytilus edulis, Nuculana jacksoni, 
Serripes groenlandicus, Natica clausa, Neptunea decemcoslata, and Ba/anus, and represent mixed intertidal and 
deeper-water affinities, reflective of the depositional environments associated with the sediments in the pit. 
Molds of pelecypods have been found in the mud under the nearshore deposit but fossils have not been recently 
observed elswhere in the pit. 

Return to vehicles, return to Route 196 and turn left. Continue west on Route 196 to Lisbon Falls and turn left 
at lights (Roules 125 and 9). Follow road to left, cross Androscoggin River, and /urn left at end of bridge. 
Proceed on road aboul 1.0 miles and turn left al Shiloh Road. Follow road about 2.0 miles (pas/ Town of 
Brunswick Graham Road Landfill) and /urn left al Labbe gravel pit entrance; proceed into pil. 

STOP 3. LABBE GRAVEL PIT (Follow road to lower levels; bear left and park at bottom of pit; walk to 
top of landform; 30 minutes; Lisbon Falls South quadrangle; elev. ca. 260 feet (78 m) as!; leader T. K. Weddle). 
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The Labbe pit is excavated into a large fan that is anchored to the east end of a large grounding-line 
moraine (Figure 4). The fan deposits have been defonned by ice-shove and contain low-angle thrust fau lts and 
drag folds. Sandy till is interbedded with stratified drift and is associated with the defonnation, however, the till 
is found in tabular and wedge-shaped bodies. Some of the till may be lodgement till, whereas in places it may 
represent s lumped material or flow till. The lower exposure where the vehicles are parked shows that the fan 
deposits have been truncated, either by marine regressive processes or by the early post-glacial Androscoggin 
River. Undated marine fossils have been found in the mostly reclaimed pit to the north, including Hiatella 
arclica, Nucula expansa, and Nuculana, however, the shells come from mud overlying the fan deposits and, thus, 
would provide only a minimal age for the ice margin. 

Return lo vehicles and oul to pit entrance; turn left, proceed lo end of road. Turn right and immediate 
left across main road; proceed to end of road and turn right with caution. Proceed lo intersection of Roule 125 
(about 0.75 miles), cross Roule 125 with caution, and continue along road under power lines. Bear left at fork 
approximately 0.5 miles from power lines and proceed_ to intersection of Route 136; cross Rome 136 with 
caution. Proceed to intersection of Roule 9; cross Route 9 with caution and continue west past gravel pits. 
Bear right al fork after pits; stop about 0. 1 mile al Scott Dugas P&S gravel pit sign. 

STOP 4 (LUNCH STOP) (walk into pit along the left up onto landfonn; lunch stop and walk to overview of 
different pits (75 minutes); North Pownal quadrangle; elev. asl ca. 300 feet (90 m). 

PREGLACIAL CHANNELS OF THE ANDROSCOGGIN RIVER (text and discussion by K. M. Sither). 
Previous studies have suggested that prior to glaciation the Androscoggin River followed a channel from the 
South West Bend area of Durham to the sea at Yannouth (cf. Sither, 1989). Numerous locations have been 
proposed for the channel, specifically in either Gerrish Brook or Dyer Brook valleys, east and west of the 
bedrock ridge that · 
trends southwest from 
South West Bend to 
West Durham (Figure 
5). Gravity, seismic 
refraction, and 
electrical resistivity 
surveys, water-well 
logs and surficial 
geologic mapping 
have delineated the 
bedrock topography 
and the stratigraphy 
of late Quaternary 
deposits in the South 
West Bend to West 
Durham area (Bither, 
1989). These data 
reveal a deep 
depression along the 
Androscoggin River 
to the northwest of 
South West Bend. 
However, the bedrock 
ridge at South West 
Bend would obstruct 
any southward flow 
to Dyer Brook valley. 
Similarly, subsurface 
data indicates a 

Figure 5. Location map of Gerrish Brook and Dyer Brook and proposed locations 
of preglacial Androscoggin River channels (arrows) (Lewiston 15' quadrangle). 
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bedrock high along the Bowie Hill Road would obstruct any southward flow in the Gerrish Brook valley. The 
Bowie Hill Road bedrock high separates the deep bedrock depression northwest of South West Bend from 
south-grading bedrock valleys south of Bowie Hill Road. Thus, no major south-draining pre-glacial channel 
exists within the area from South West Bend through West Durham. 

During the retreat of the Late Wisconsinan ice sheet, englacial drainage flowed through this area. As 
the marine-based ice front receded, the tunnel mouth of a glacial drainageway was temporarily located here, 
resulting in deposition of several large submarine-fan complexes, best exposed in the Dugas, Hanna, and 
Larrabee gravel pits . Synglacial sea-level reached about 310 feet above present sea level. Isostatic rebound 
resulted in the reworking and redistribution of glacial sediments as they emerged through wave base. This is 
evidenced by a thick sequence of shallow marine sand and gravel overlying glacial marine deposits throughout 
the Dyer brook watershed to the east. Once marine water levels dropped to below 170 feet elevation, the present 
course of the Androscoggin River would have developed, deflected in South West Bend by bedrock at this 
elevation. 

DUGAS, HANNA, AND LARABEE PITS (leaders C. L. Marvinney and K. M. Bither). These gravel pits 
(Figure 6) are excavated into coalescing glacial marine fans which form the western edge of a large grounding
line moraine. This moraine, although not continuous, can be traced 4.5 miles eastward to the Labbe gravel pit of 
Stop 3. The Dugas pit, through which we enter, is excavated into southward-dipping foreset beds of a fan. 
Limited exposure of the foreset beds occurs in the eastern wall of the pit. The foreset material is sandy, fine to 
coarse grained, with pebble to cobble sized clasts and occassional layering. lnterbedded silt, clay, and flow till 
are present in the western portion of the pit. Unconformably overlying all material is a massive clast-rich unit 3 
- 4 feet in thickness. Clasts which are sub-rounded to rounded range in size from large cobbles to small 
boulders. This unit represents a reworked deposit formed during the marine regression. In places, there appears 
to be fluvial-Iike deposits below the reworked sediments, suggestive of topset bedding. The top of the landform 
is just over 300 feet, close to the marine limit in the area, and there is a small depression (kettle?) on the 
landfonn surface. However, the evidence that this feature is a delta is inconclusive. 

The Hanna pit is in a fan just east of the Dugas pit. Here, too, uniformly dipping foreset beds are well 
exposed. As in the adjacent fan, bed grain-size ranges from fine- to coarse-grained sand with local pebbles and 
pebble gravels. Marine mud is found in the central portion of the pit. Here the deposits have been deformed by 
ice shove. Large open folds are seen in the upper clay and sand interface. As in the Dugas pit, a 3 - 4 feet 
thick clast-rich layer associated with the marine regression unconfonnably overlies all units. In places, a fine 
uniform sand forms the uppermost regressive unit. The Larabee pit is excavated into the proximal side of the 
Hanna fan complex. A portion of the pit contains the same features discussed above. However, this pit also 
contains exposures of ice-proximal features, slumping, flow tills, faults, and drastic changes in stratigraphy. 

The exposures represent a stillstand of the ice margin that can be traced on the topographic maps from 
Stop 3 to this stop. At the top of the landfonn, an earlier ice-marginal deposit built when the ice was to the 
south is visible. The next stop will be at the landform, another fan built to near the synglacial sea level for this 
area. Although these two exposures are not conclusively interpreted as deltas, there are deltas approximately 10 
miles to the north which do not have reworked sediments on their tops. This is supportive evidence that uplift 
was underway when those deltas were deposited, and possibly had begun by the time when the fans seen at 
Stops 4 and 5 were being deposited. 

Return to vehicles; retrace route back to Route 9 and turn right (south). After 0. 75 miles pass under 
power lines, go past graveyard on right, and pass under second set of power lines; gravel pit visible on left. 
Access to pit on left; proceed just beyond on Route 9 to sign for campground on left and enter here. 

STOP 5. BLACKSTONE GRAVEL PIT (Tum left at campground sign; proceed to end of access road to 
working face; 40 minutes; North Pownal quadrangle; elev. of top of landform ca. 300 feet (90 m) asl; leader C. 
L. Marvinney). 
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Figure 6. Stops 4 and 5; three large landfonns with gravel pits in them are glacial marine fans 
constructed at successive northward-retreating ice-marginal positions. The two southerly fans are 
connected by a spit which fonned during the marine regression; the northerly fan complex (Stop 
4) is anchored to the west end of the grounding-line moraine in Figure 4 (North Pownal 7.5' 
quadrangle). 
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The Blackstone gravel pit is located within a large glacial marine fan (Figure 6). Although the elevation 
of the top of the feature is just over 300 feet, very close to the marine limit in the area, no deltaic topset/foreset 
contact is visible in the exposure. The deposit was fanned during the retreat of the late Wisconsinan ice sheet at 
the ice margin. Foreset beds dominate the the exposure, best seen in the central portion of the pit where they are 
uniformly dipping to the southwest. Presumpscot Fonnation mud interfingers with sand beds along the southern, 
oceanward portion of the pit. On cleared faces, small-scale syndepositional faults and dewatering structures are 
present. Proximal and intermediate to distal facies of the glacial marine fan are represented by the coarse and 
fine sand and the interbedded fine sand and mud, respectively. Best exposed in the northern end of the pit, there 
is a reworked sandy deposit overlying the sandy foreset beds, and represents wave reworking of the fan at the 
marine limit. A clast-rich unit of massive character unconformably overlies the fan and reworked beds, and is 
itself a reworked deposit formed during the marine regression. This unit is traceable down the topographic slope 
of the fan and consists of small to medium sized boulders within a matrix of fine sand to gravel. Although no 
apparent bedding is visible within the coarse-grained material, pockets of fine-grained material do contain some 
cross-bedding. A massive, unifonnly bedded sand also associated with marine regression caps the deposit. 

Return to the vehicles and exit pit; turn right (north) on Route 9 and continue approximately 2 miles lo 
intersection with Route I 36. Turn left and continue on Route 136 as ii parallels the west bank of the 
Androscoggin River. After approximately 8 miles (and after passing under the Maine Turnpike) approach 
Auburn city limits. Bear right (roller skating rink on right) and at T-intersection turn right and onto bridge over 
Androscoggin River; take second right turn after bridge onto River Road. After approximately 1.8 miles take left 
fork (Goddard Road) and continue up hill. Dube gravel pit entrance located approximately 0.5 miles on right. 

STOP 6. DUBE, PIKE, AND LEWISTON PITS (75 minutes; Lewiston quadrangle;· elev. ca. 330 feet 
(JOO m) asl; leader M. J. Retelle) 

At this stop, we will look at exposures in several active pits located in a complex landfonn that occupies 
an area of approximately 0.4 mi2 

( 1.0 km2
) , east of the Androscoggin River in Lewiston. Because of extensive 

excavations, the original morphology of this feature has been greatly altered, however, examination of the 1908 
U. S. Geological Survey 15-minute topographic map shows this feature originally had an extensive flat upper 
surface, the remnants of which form the current border of the Dube pit with the City of Lewiston pit. The 
elevation of the upper flat surface is approximately 330 feet (I 00 m), close to what is interpreted as marine limit 
for this area (Thompson and others, 1989). Based on original morphology, the landfonn is interpreted as a 
glacial marine delta, however, prior to discovery of the 1908 map, the landfonn was interpreted as a glacial 
marine fan complex (Slayton, 1993). We now interpret this landfonn as an ice-contact glacial marine delta that 
grew from a fan, which aggraded to sea level and prograded southward into the marine basin. The purpose of 
visiting this site is to examine sequences that illustrate the development of the landform from early ice-contact 
facies through fan and delta facies to eventual shallow marine sedimentation during the postglacial marine 
regression. We will start in the Dube pit (north) and then return to the vehicles to continue site visit. 

DUBE PIT. The Dube pit is the northernmost operating gravel pit in the landfonn and exposes mostly ice
proximal facies in the deposit. The pit is bordered by a rock quarry to the north; the west wall of the pit is a 
steep ice-contact face. The landform narrows to the north probably reflecting a wave-modified and smoothed 
ice-tunnel deposit (Ashley and others, 1991 ). The north wall of the pit exposes a cross-section through the ice 
tunnel or conduit facies that fed the fan complex. Coarse clast-supported boulder gravel is exposed in several 
faces and is interpreted as bedload in the tunnel. Overlying and adjacent fine sandy gravel and sand foresets 
may be early stages of the submarine fan development. A distinctive unconformity separates the gravelly ice
contact facies from the fine-grained marine mud facies that draped the landfonn after ice retreated from the 
feeder tunnel position. Above the unconfonnity, several meters of laminated and massive fine-grained marine 
mud is exposed, which in places is fossiliferous, containing numerous paired and disarticulated mollusc shells 
including Hiatella arctica, Portlandia arctica, Mya truncata, and Mytilus edulis, as well as Ba/anus plates. One 
sample of Portlandia shells recently yielded an age of 12,890 ± 85 yr BP (AA 10165), and may be interpreted as 
dating the ice margin at this site. There is, however, evidence of reworking in the deposits as the fossils at this 
site are found in several contexts, including both in situ in the massive mud, but more commonly in a coarse
grained diamicton that is exposed between the laminated mud and the east wall of the pit. The diamicton is 
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interpreted as a debris flow deposited down the dipping foreset beds of the delta. The marine mud is capped by 
sandy and muddy oftlap sediments whose structures mirror the underlying topography of the landfonn. 

Return to vehicles and retrace route back to Rirer Road: turn left onto River Road and proceed 0.5 
miles to Pike Construction office (pit entrance on left: look to leader for parking; we will walk to sites after 
parking). 

LEWISTON AND PIKE PITS. There are several exposures in the central and southern part of the landfonn 
(Lewiston and Pike pits) that nicely illustrate the sedimentary regimes in the medial and distal portions of the 
complex. A north-south oriented wall in the central area of the pit exposes thin south-dipping sandy foreset 
beds, comprised predominantly of nonnally graded and ungraded beds with a few 4 - 8 inch (IO - 20 cm) thick 
beds of ripple-drift cross laminated sand. The graded sandy beds are interpreted as grain flow deposits 
originating ups lope on the delta foresets. Some sandy beds contain rounded clasts of diamicton (till balls) up to 
2 inches (5 cm) in diameter. Syndepositional extensional faulting is also seen in translocations of the sandy 
strata subparallel to bedding. The distal fan facies is well exposed near the southwestern comer of the landfonn 
near the top of a fining-upward sequence with rhythmically laminated sand at the base, overlain by sand-mud 
interlayers, laminated mud, and massive sand. At several locations in the section, the fine-grained marine mud 
deposition is interrupted by thin layers of matrix-supported diamicton with a sandy, muddy matrix and stream
rounded gravelly clasts. These units are interpreted as debris flow deposits that originated high on the foreset 
beds of the landfonn and incorporated sand and mud as the flows travelled bas inward. 

Return to vehicles and return to Route 196 back to Brunswick. Cross 1-95 and proceed through 
Topsham; cross bridge lo Brnnswick over Androscoggin River. Turn right onto Route I after crossing bridge 
and continue on Route 1 South. Turn left at third set of lights onto Church Road and proceed 3. 75 miles to 
inlersection with Bunganuc Road on left. Immediately after intersection turn left just before old farmhouse into 
Collete driveway and proceed lo end of drive. 

STOP 7. BUNGANUC BLUFF (Alternative stop) (Walk down steps at left of house to salt marsh, tum 
left and follow marsh fringe out to open bay to bedrock outcrop; Freeport quadrangle; elev.ca sea level; leader T. 
K. Weddle). 

This stop can be very muddy! Several large slump exposures along the coast reveal a section of 
glacial, glacial marine, and nearshore deposits that represent changing environments over time. A subglacial(?) 
and an ice marginal(?) component is present at the west end of the bluff, overlain by a thick, muddy medial to 
distal glacial marine fan or submarine plain component in the central and eastern end of the section, in tum 
overlain by nearshore deposits and possibly an eolian cap. Zink (1953), Amos and Sandford (1987), and Hay 
(1988) have published previous reports on the exposure, and Devin and Sandford ( 1990) recorded a test boring 
drilled to 70 feet depth without refusal at the site. Kelley and Hay (I 986) and Kelley and Kelley (I 988) have 
described the section in other field guides. Belknap and others (1989) and Belknap and Shipp (1991) described 
the section as an example of glacial marine mud deposited in part under an ice shelf or at least near the ice
grounding line. The record of graded, rhythmically-bedded fine sand, silt, and clay exposed here and in the 
suburface boring data concur with the latter rather than the fonner interpretation, at least for the lower deposits, 
and represents either pulsations of sediment influx from distal turbidite deposition or from an overflow plume 
with sorting of fine sediment, attributed to an ice-margin source probably about 2 miles (3.2 km) to the north, 
where there is surficial topographic expression of moraines. The lower deposits most likely record a glacial 
marine sedimentary source, whereas the upper deposits are more likely representative of marine and nearshore
influenced sedimentation. One question to consider at this stop is the influence of cyclical processes on 
discharge, such as daily, seasonal, and tidal processes as described by Cowan and Powell (1990) and Phillips and 
others (1991 ). A better understanding of the depositional environment needs to be detennined so that 
comparisons with modem glacial marine and subglacial marine environments can be made (cf. Anderson and 
Domack, 1991; Anderson and others, 199 I). 

Beginning at the west end of this exposure, striated bedrock (170°) is overlain by a very poorly exposed 
section consisting of a thin veneer of sandy till (best represented by numerous boulders at the base of the bluff), 
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a massive sand, and glacial marine mud; material above this is slumped. Eastward in newly exposed slides, near 
the top of the section is 6 to 8 feet (2 - 3 m) of medium- to fine-grained sand, which contains rip-up mud clasts. 
The sand is found in erosional channels into underlying stratified sand, silt, and clay with syndepositional slump 
structures. In gradational contact with the upper dominantly sandy portion of the bluff, muddy sediments are 
best exposed in slumps in the eastern end of the section. These lower deposits are thin, well-stratified, and 
laterally continuous silt and clay beds with silty fine sand laminations, and also contain syndepositionally 
deformed beds. Dropstones are rare. At the eastern extent of the section, striated bedrock is exposed at the 
waterline. Here the striae range from 195° to 20 I 0 • Southwest-oriented striae are found along many of the 
peninsulas and on the islands in this part of Casco Bay, and reflect the strong topographic control on the Late 
Wisconsinan ice by the northeast trend of the bedrock structure in the area. Hussey (1981, 1985) maps the trend 
of the Flying Point fault along Maquoit Bay just to the east of the bluff. Seismic surveys by Kelley and others 
(1987) in the bays east of the bluff show that depth to bedrock in the bay troughs is over 300 feet (90 m) deep 
in places. These data suggest that ice may have preferentially flowed along the northeast-trending troughs, in 
which less resistant, brittle-faulted rock is found. At some localities, the southwest-oriented striae are younger 
than the dominant southeast set. However, this relationship has not been seen consistently enough to warrant 
regional merit, and in other places in the area, the reverse age-sense of the cross-cutting striae has been noted. 

Kelley and others (1988) have described the Holocene history of salt marshes along coastal Maine, 
including the Bunganuc bluffs area, from which a model of bluff retreat by slumping due to wave activity and 
subsequent salt marsh colonization has been presented. The slumping of the bluffs provides mud to the clam 
flats in Maquoit Bay, sustaining a major industry and resource. However, the homes built above the bluffs have 
experienced significant loss of property. Engineering and geotechnical aspects of landslides in the Presumpscot 
Formation are discussed in Amos and Sandford (1987), Andrews and others (1987), and Devin and Sandford 
(1990). Human activity over the past 250 years has affected the coast during its evolution. In particular, 
deforestation allowed erosion, which subsequently provided more sediment to the coast causing an increase in 
tidal flat extent and marsh development. Later, vegetation was restablished and sediment supply to the coast was 
diminished, resulting in erosion of the marshes. A small, eroding salt marsh is present in the central area 
separating the two main areas of the bluff. The marsh has eroded enough to expose horizontally oriented logs 
beneath it. Modem trees at the bluffs come down with recent slumps, and the buried trees in the peat have their 
recent counterparts resting at present at the toe of the slumping bluffs. 

End of trip; return to vehicles, return to road and turn left to return to Recompence Shores Campsites 
(follow trip leader). A right turn out of the driveway will take you back to Route I in Brunswick where you can 
access 1-95. 
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APPENDIX A: CHARACTERISTICS AND FORMATION OF WAVE DEPOSITS 

Joseph P.Smoot 
U. S. Geological Survey 

Mail Stop 939 
Denver, Colorado 80225-0046 

Wave deposits are recognized based upon three types of observations: the geometry of sediment units, the 
presence of sedimentary structures characteristic of wave depos its, and the sorting of sedimentary deposits. 
Sediment erosion, transport, and deposition by waves is fundamentally different from that of unidirectional flow, 
although there is some overlap in behavior. Waves are produced by wind stress on the water surface. In the 
simplest case, waves comprise a sinusoidal surface that induces a series of circular turbulent eddys in the water 
called orbitals (Fig. I). The diameter of these orbitals and their orbital velocity decrease with depth below the 
surface wave. The depth to which there is significant movement of water is roughly one-half the length of 
distance between two wave crests (i.e. one-half the wave length). The magnitude of t~e orbital velocity depends 
upon the wave height and period (amount of time for two consecutive wave crests to pass a point) which are 
controlled by the amount of wind stress on the surface. As waves propagate into shallower water the orbitals 
exert a stress on the sediment surface and move loose particles. This stress deforms the orbitals into ellipses that 
are progressively flatter near the sediment - water interface where they are completely flattened into a bimodal 
linear vector. When water depth is shallower than one-sixth the wave length, the drag of the wave on the bottom 
deforms the shape of the wave from a sinusoidal surface to one with broad troughs between narrow crests, and 
results in an asymmetry in the bottom movement vector toward the direction of propagation. Bottom drag of 
waves also slows their rate-of propagation resulting in refraction of the crestlines (Fig. 2). On low-slope 
surfaces, the refraction makes wave crests bend parallel to the shoreline. Angular incidence of waves induces a 
current parallel to the shoreline called a longshore current. Where waves intersect steep surfaces projecting out 
of the water, the waves have greater erosional force and they are diffracted around the object causing crests to 
bend toward the Ieeside of the object {Fig. 2). The refraction and diffraction of waves as they intersect shallow 
water results in several distinct geometries. Refraction and Iongshore drift makes ridges of sediment (bars and 
spits) that are characteristically long and straight parallel to shore or slightly curved. Diffraction of waves 
around projections in the water produces linear zones of sediment accumulation on the leeside called tombolos. 
Wave-cut benches form where waves are not significantly slowed by a bottom slope before intersecting a surface. 

Waves produce a variety of sedimentary structures that could be misinterpreted as fluvial or deltaic in origin. 
The primary wave structure is an oscillatory ripple {Fig. 3). Oscillatory ripples are characterized by straight to 
slightly sinuous crests, flat to scalloped bases, sinusoidal internal foresets, and may have opposing orientations. 
Unlike ripples formed under unidirectional flow, oscillatory ripples can form in average grain sizes greater than 
0.6 mm in diameter. Also, unlike ripples under unidirectional flow, oscillatory ripples vary in size from a 
millimeter thick to over a meter thick with wavelengths varying from a centimeter to several meters. In areas 
with large long-period waves, dune-scale features with curved crests may form. These structures produce trough 
cross-bedding very similar to that formed by unidirectional flow. The important features that may help to 
recognize the wave-formed trough crossbeds is the sorting of the internal strata (see below) and the association 
with oscillatory ripple structures. Wave formed bars have tabular bedding sets, commonly oriented shoreward or 
parallel to shore reflecting storm wave propagation or longshore drift (Fig. 4). Wave-formed tabular sets are 
highly variable in thickness (from a decimeter to several meters in thickness); they may have intercalated 
oscillatory ripple structures; they may have opposing orientation; and commonly each foreset layer is comprised 
of moderately well-sorted grain sizes, but adjacent layers may be comprised of highly variable grain sizes. This 
latter trait reflects the fact that wave strength is dependent on wind stress which is highly variable. Breaking 
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waves may fonn bea_ches comprised of planar lamination that fonns low-angle sets that are inclined seaward. 
These planar laminae may be intercalated with tabular forsets of bars. 

A - 21 

The characteristic motion of wave stress has a tendency to segregate grains by size and shape. This grain' 
segregation defines the layering in ripples, bars, and beach deposits. In coarse-grained deposits the grain size 
and shape segregation is more obvious and diagnostic of wave sorting. Coarse pebbles and cobbles that have 
been transported by waves are separated into beds comprised of open framework clasts of the same size and 
shape (Fig. SA). Platy clasts may be imbricated (sometimes in different orientations) and spaces between clasts 
may be tilled with finer grains. The relation of waves to wind stress results in abrupt changes in grain sizes 
within a depos it. Where waves have reworked a bouldery deposit, the sorting is not as obvious. The largest 
clasts may be too big for waves to move during most conditions, so they are left as lags as the finer material is 
reworked. Waves are diffracted around the boulders which disrupts the energy resulting in an irregular sorting of 
the finer grained material. These poorly sorted deposits are identifiable by the open framework sorting of the 
matrix into patches of the same size and shape clasts (Fig. 58). 

In the field area, bar and tombolo deposits, and wave-cut benches in moraines and other hills such as 
drumlins are present. Cross-sections of bars and tombolos consist of tabular crossbeds that have been 
misinterpreted as deltaic deposits. In addition to their gross geometry, these deposits can be distinguished by the 
absence of unidirectional ripple cross laminae, the size sorting within layers, and the orientation of the foresets. 
In some places, evidence of tidal overprints include clay drapes, bioturbation breaks within layering, and 
erosional reactivation surfaces within forset sequences. Oscillatory ripple. cross-lamination has been observed in 
a few places. Wave-sorted conglomerates are commonly associated with wave-cut benches into tills. The 
sorting is typically patchy around the lags of large boulders. End-member varieties of wave deposits are 
recognizable, but there are still lots of deposits where the criteria are not obvious. In these latter cases, the 
interpretation is dependent upon the large-scale context of the occurrence as much as the internal textures. 

Raaf, J. F. M. De., Boersma, J. R., and Van Gelder, A., 1977, Wave-generated structures and sequences from a 
shallow marine succession, Lower Carboniferous, County Cork, Ireland: Sedimentology, v. 24, p. 451-483. 



0 

WEDDLE, RETELL£. MARVINNEY, AND BITHER A - 22 

SINUSOIDAL WAVES SOLITARY WAVES BREAKERS 

-
c=:> o, /0 0 0 C:> C:> O orbitals ¢ 0 ~ 

0 .. ... .. .. 

Figure 1. Shape of orbitals in waves from deeper water to shallower water. 
Vectors of net sediment transport are shown on top. 
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Figure 3. Characteristic features of oscillatory ripple cross-lamination. From Raaf and others {19n) 
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Figure 4. Crossbedding in a wave· formed bar showing opposing sets, grain sorting in layers, 
and oscillatory ripples in partings. 
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Figure 5. Wave sorting of conglomerates. A) Clasts sorted by size and shape. B) Large clasts are not 
moved by waves and matrix has patchy sorting. Note sorting of intergranular material in insets. 
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GEOLOGY OF THE RATTLESNAKE MOUNTAIN IGNEOUS COMPLEX 
AND SURROUNDING PALEOZOIC ROCKS. 

by 
John W. Creasy, Department of Geology, Bates College, Lewiston, Maine 04240 

INTRODUCTION 

B-1 

Syenite and nepheline syenile occur at Rattlesnake Mountain in Raymond and Casco, Maine (DeMartinis, 
1976; Carter and others, 1979; Whitaker, 1984) and constitute the Rattlesnake Mountain pluton. Northeast
trending dikes of trachyte, nepheline trachyte and minor lamprophyre emanate from but, in part, pre-date the 
pluton (Griffith, 1983). The pluton and dikes together are termed the Rattlesnake Mountain Igneous Complex 
and assigned to the White Mountain igneous province (Creasy and others, 1986; Creasy, 1988, 1989). Several 
syenites are distinguished by texture, abundance and proportion of ferrohastingsite and biotite, and abundance of 
nepheline. A Rb-Sr whole-rock isochron age of 205±2 Ma for the Rattlesnake Mountain pluton (Creasy, 1989) 
is consistent (±20) with K-Ar ages (Krueger, 1985, pers. com.) of 192±7 Ma for syenite and of 196±8 Ma for 
trachyte. Rocks of this complex intrude granitoids and migmatite of the Carboniferous Sebago pluton. 

This field excursion highlights the Rattlesnake Mountain igneous complex (Raymond and Naples 7 S 
Quadrangles); additional stops illustrate the contrasting magmatism of the eastern Sebago pluton (Minot and 
Mechanics Falls 7.5' Quadrangles). 

PALEOZOIC ROCKS 

Rocks exposed between Auburn and Rattlesnake Mountain are polydeformed metamorphosed Silurian 
sedimentary rocks intruded by and admixed with S-type granites and genetically-related pegmatites (Creasy, 
1979). The metasedimentary rocks (sillimanite and sillimanite + K-feldspar grade) lie on the southeast flank of 
the Kearsarge-Central Maine Synclinorium (Osberg and others, 1985). The granites are part of the Sebago 
pluton (Hanley, 1939) of Carboniferous age (Aleinikoff and others, 1985; Hayward and Gaudette, 1984). Three 
structural-lithological zones are traversed by this excursion (Figure 1; Creasy, 1979). Grey biotite-muscovite 
granite of the Sebago pluton (zone 1, southwest) dips at low angle to the north and east (Geoscience Services of 
Salem, 1986) exposing a broad irregularly-shaped contact zone (zone 2) with the structurally paraconformable 
metasedime11tary rocks of zone 3 (northeast). Granites of the contact zone exhibit textural heterogeneity and 
contain large and abundant septa of metasediments of diverse lithology; large outcrops of metasediments in this 
zone may represent i11 situ country rock. The metasedimentary rocks of zone 3 are intruded by irregular but 
sharply bounded bodies of granite and pegmatite (e.g. Mt. Apatite) derived from the underlying granitic rocks. 
Creasy (1979) speculates that the Sebago pluton may be a multiple intrusion of several thick (100-200m) sheets, 
each of which may deform a surrounding envelope of cover rocks and which might, in a regional structural 
restoration, be stacked one over another with interdigitating metasediments. Hence, the septa preserved within 
the granitic terrain of the Sebago pluton and its contact zone may represent such interdigitated metasediments. 

Metasedimentary rocks define a structure interpreted as a north-plunging east-dipping asymmetric 
overturned syncline. Regional emplacement of the granitic rocks is not considered as intrusion into passive and 
brittle metasedimentary country rocks. Rather, it is interpreted as a dynamic process whereby partially molten 
and remobilized sedimentary rocks are kinematically related to the overlying and plastically deformed cover 
rocks. Creasy (1979) suggests that the tumescence or diapiric intrusion of partially molten and remobilized 
metasediments and granites produced regional asymmetric deformation of earlier northeast-trending structures to 
northwesterly trends. Pegmatites developed as late-stage volatile-rich fluids moved into the overlying 
metasedirnentary rocks parallel to axial planes of minor structures superimposed on the major northwest-trending 
folds. That brittle adjustment to this "regional tumescence" occurred is suggested by the NE-striking post
metamorphic normal faults (down to the northwest) north of the excursion area. 
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Figure 1. Geologic sketch map showing the excursion area. the location of the Rattlesnake Mountain pluton, and 
the three slructural-lithologic zones described in the text (after Creasy, 1979; Osberg and others, 1985). 

Metasedimentary Rocks 

Three general lithologies predominate in the Minot and Mechanic Falls Quadrangles: (1) granoblastic 
quartz-diopside-gamet plagioclase rock (calc-silicate) and (2) pelitic gneisses, migmatites, and schists. Additional 
minor lithologies include fine- to medium-grained biotite-quartz-plagioclase rock with granoblastic texture 
(granofels), biotite quartzites, and amphibolite. The reader is referred to Figure 2 for the location of the 
following lithologic units within the excursion area. 

Cale-silicate: Patch Mountain Member, Sangerville Formation, Ssp. The Patch Mountain Member 
(Warner, 1967; Hussey, 1979) is comprised chiefly of mm- to cm-thick layers of calc-silicate lithologies 
interbedded with layers of biotite granofels of similar thickness. The layers of calc-silicate are composed of 
quartz, diopside, grossuiarite-rich garnet, actinolite, sphene, plagioclase, and minor calcite and clinozoisite. 
Proportions of the first four-named minerals vary from layer to layer but the predominant lithology is 
granoblastic diopsidic ± gametiferous quartzite. Siliceous marbles and idocrase-bearing tactite are minor 
lithologies. The layers of biotite granofels are composed of biotite-quartz-plagioclase in a granoblastic to 
moderately foliate texture. Gamet is locally a minor constituent but other pelitic indicator minerals are rare. 
The ratio calc-silicate: biotite granofels varies from 3:1 to 2:3 but most frequently is nearly 1:1. Systematic 
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regional stratigraphic variation of this ratio has not been noted. Outcrops of this unit characteristically weather 
to produce 'ribbon rock'. 

Although the lithologic alternations probably represent original sedimentary bedding, other primary 
sedimentologic features are not preserved. The minor (cm- to m-scale) structures so spectacularly displayed in 
nearly every outcrop indicate isoclinal folding with axial planes parallel to the cm-scale lithologic banding and to 
foliation, where developed, in the biotite granofels. 

Taylor Pond lithologies: Sangerville Formation, Sstp. The Taylor Pond lithologies (Creasy, 1979) 
separate the calc-silicate rocks from the metapelites described below. The best exposures of these rocks are on 
the low hills east of Taylor Pond, along Hotel Road, and south of Lake Auburn. Included within this map unit 
are a group of distinctive Iithologies that together total approximately 100-200m in thickness. These lithologies 
include amphibolite, bedded (cm-scale) calc-silicate, amphibole-biotite quartzite, biotite quartzite, coticule, and 
pelitic or granofelsic rocks containing boudins of calc-silicate. 

Pelitic gneisses: Sangerville Formation, Ssws. Metapelitic gneisses are typically exposed on Washington 
Street extension, Auburn. These rocks are described by Hanley (1939) as the Pejepscot Formation and by 
Osberg (1976) as the Waterville Fonnation, but more recently are assigned to the Sangerville Fonnation (Ssws of 
Creasy, 1979; Ss of Osberg and others, 1985). Medium-grained banded (cm-scale) biotite-gamet-sillimanite 
(fibrolite) gneiss predominates; leucosome and melanosome are present in roughly equal proportions. Other 
Iithologies include quartz-plagioclase-biotite gneiss and schist. 

Granites and Pegmatite 

Granites and pegrnatites intrude all of the rocks described above. The granites belong to the Sebago pluton 
as defined by Hanley (1939) but subdivision into (at least) three map units seems desirable: (1) granite(s) of the 
Sebago pluton (gs); (2) granite(s) with heterogeneous textures and admixed inclusions of metasedimentary rocks 
(heterotextural granites) (gh), and (3) the granite of Black Cat Mountain (gbc). The abundant pegmatites (p) 
genetically related to the first two are separately described. 

Granite of the Sebago pluton, gs. The medium-grained foliated grey biotite-rnuscovite granite cropping 
out over the southwestern part of the excursion area is broadly homogeneous in texture although gradation to 
pegmatitic texture may be present in single outcrops. Mineralogic variation is noted as the ratio K-feldspar: total 
feldspar ranges from 2:3 to 1:3. Biotite content ranges from 2 to 20% and is responsible for the variably 
developed foliation present in nearly all outcrops. Coarse muscovite, present in all handspecimens, appears to be 
a late- (vapor) stage mineral. Small anhedral grains of garnet are a rare to minor constituent in most exposures. 
Septa of metasedimentary rocks, chiefly pelitic in composition, are persistently present but not abundant (<2-4%) 
in all outcrops. Such septa range in size from mm-scale stringers to m-scale inclusions. 

In thin section, large optically continuous grains of muscovite and included blebs of quartz preferentially 
replace alkali feldspar, chiefly along grain boundaries. Chloritization of biotite is common and moderately to 
pervasively developed. All samples show evidence of post-crystallization deformation such as polygonized and 
st.rained quartz, deformed polysynthetic twins in plagioclase, and bent grains of muscovite. 

Heterotextural granites, gh. Although mineralogically similar to the granites of the Sebago pluton, these 
granites exhibit much greater textural heterogeneity, ranging from medium-grained granitic to pegmatitic on a 
cm-scale in a single outcrop. A second distinction is the size (m-scale) and abundance (up to 40%) of 
metasedimentary inclusions chiefly biotite ± garnet granofels and biotite quartzite. 

Areas of metasediment up to hundreds of meters in size occur within in this granite and may be either large 
inclusions within the granite or in situ country rock into which the granite has intruded. The attitudes of such 
inclusions or septa are sub-parallel to those measured in adjacent metasediments. In addition to the granitic 
rocks, migmatites are well developed in this unit. The metasedimentary fraction of these migmatites grades from 
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the clearly evident (e.g., Pine Hill in Casco) to a palimpsest visible only on unweathered exposures (e.g., Rock-
0-Dundee Hill in Oxford) and. ultimately, to foliated granites. 

These observations lead to the conclusions that the heterotextural granites: (1) define the regional contact 
zone between the granites of the Sebago pluton and the metasedimentary rocks; and (2) record the anatectic 
origin of these granites. 

gs 

Figure 2. Geologic sketch map of the eastern portion of the Sebago pluton showing location of STOPS 1 and 2 
(Creasy, 1979). [abbreviations as in text] 

Granite or Black Cat Mountain, gbc. The granite present on Black Cat Mountain is distinct. It is a fine
to medium-grained pink biotite-muscovite granite. No foliation is observed and muscovite is present as large · 
late-stage grains. Aplite dikes cut this granite but no pegmatite dikes have been observed. The texture is nearly 
homogeneous throughout; only one cm-wide septa of metasediment is present on Black Cat Mountain. The age 
of this granite relative to that of the more commonly encountered granite(s) of the Sebago pluton is not known 
but may be younger. 

Pegmatite, p. Pegmatite occurs throughout the excursion area. Within the granite(s) of the Sebago plutcin, 
schorl- and garnet-bearing biotite-muscovite granitic pegmatites are present as irregularly-shaped pod-like bodies 
grading into the surrounding granite. Such occurrence are noted in the heterotextural granites but pegmatite also 
occurs as tabular bodies 1-IOm thick in sharp contact with the granite or metasedimentary rocks. Within areas of 
predominantly metasedimentary rocks, tabular pegmatite bodies parallel the lithologic banding present in the host 
rocks frequently dipping at low angles to the north and east. However, at contacts sufficiently well-exposed. 
clear cross-cutting relations are observed with respect to the lithologic banding and to minor folds. The 
pegmatites hosted by the metasedimentary lithologies are those enriched in light and large-ion elements. Here 
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one finds the mineralogically diverse and gem-bearing pegmatites for which Maine is world renowned and justly 
celebrated. 

Diabase dikes. Swanns of mafic dikes are present in the excursion area. especially around Christian Hill. 
Individual dikes range up to 5 m in width and are traceable for hundreds of meters. The great majority of these 
dikes strike to the northeast (N40-60E) and dip vertically. The total extension across this dike swann is 
unknown but 100 to 300 m seems likely. 

ITINERARY FOR PALEOZOIC ROCKS (Figure 3) 

STOP 1. GRANITE AT JACKSON ROAD, POLAND (20 MINUTES) (Mechanic Falls Quadrangle). A 
small pavement outcrop of granite typical of Zone 2 is exposed on the north side of Jackson Road. Two mafic 
dikes are present in the outcrop. Inclusions of metasediments are scarce; this is typical of hilltop outcrops. 
Contrast this granite with that exposed at Stop 2. 

STOP 2. GRANITE AND TAYLOR POND LITHOLOGIBS ON ROUTE 11, POLAND (40 
MINUTES) (Mechanic Falls Quadrangle). Granite is exposed in two long outcrops along Route 11. Several 
septa of metasedimentary rocks are prominent. Biotite granofels and 'pinstripe' quartzite are interbedded with 
mm-scale biotite-muscovite schist .. .is this bedding? Cm-scale calc-silicate pods are also present The boundary 
between zone 2 and zone 3 is placed along the axis of Tripp Pond immediately to the west of this stop. 

Figure 3. Location of STOPS 1 and 2 (Mechanic Falls Quadrangle). Grid spacing is 1 km. 

'ts .. r: 
0 ·. ~ 
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RA TILESNAKE MOUNTAIN IGNEOUS COMPLEX 

The Rattlesnake Mountain pluton has field and petrographic characteristics typical of the White Mountain 
magma series (Billings, 1956). It is clearly discordant with the surrounding granitoids (and migmatites) of the 
Sebago batholith of Carboniferous age (Aleinikoff and others, 1985; Hayward and Gaudette, 1984) and has a 
well developed chilled margin. The syenites exhibit massive hypidiomorphic-granular textures and lack 
metamorphic foliation although a primary flow texture is developed in some rocks. The essential mineral 
constituents are microperthite, subordinate nepheline and ferrohastingsite, and locally biotite and 
ferrohedenbergite or aegerine-augite; muscovite and other peraluminous minerals are absent 

Regional Petrotectonic Setting 

The White Mountain igneous province consists of plutons, ring complexes, and volcanics emplaced along a 
NNW trend across New England (Figure 4). Four pelrographic associations are recognized (Creasy, 1974; Eby, 
1987): (1) alkali syenite-quartz syenite-granite; (2) subaluminous biotite granite; (3) gabbro-diorite-monzonite 
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Figure 4. The White Mountain igneous province showing the location of the Rattlesnake Mountain igneous 
complex and the zone of feldspathoidal ('foidal') intrusions. 

and; (4) syenite-nepheline syenite. The igneous activity is largely confined to two periods, 200-165 Ma and 130-
110 Ma (Eby and others, 1992). These two major periods of igneous activity are related by McHone and Butler 
(1984) to the opening of the North Atlantic Ocean. 
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The older White Mountain igneous province, although dominated by silica-oversaturated subaluminous to 
peralkaline rocks of association l , includes two small, nepheline-bearing felsic intrusions: Red Hill, NH, and 
Rattlesnake Mountain, ME. These two occurrences together with nepheline-bearing intrusions of the younger 
White Mountain province (Pleasant Mountain and Randall Mountain, ME: Cuttingsville, V1) and of the older 
Coastal New England igneous province (Litchfield, ME, McHone and Butler, 1984; Barker, 1965), define a 
linear zone of foidal intrusions (Figure 4) striking at high angle to the NNW trend of the overall province 
(Creasy, 1989). North of this zone are the large composite plutons and the White Mountain batholith of the 
older province; to the south only a few small scattered plutons of this age are present. In contrast, nearly all 
plutons of the younger White Mountain province lie south of this zone. 

The ages and regional distribution of these feldspathoidal syenites hint at some long-lived lithospheric 
control for the occurrence of undersaturated felsic magmas. The regional trend of the foidal intrusions, N55°E, 
parallels both the regional orientation of abundant mafic dikes of Perrno-Triassic age (McHone, 1978) and of 
dikes of the Rattlesnake Mountain igneous complex. While this Mesozoic igneous activity is considered an 
expression of rifting, the spatial distribution and temporal association of mafic magmas, undersaturated felsic 
magmas, and oversaturated felsic magmas likely signal differing structural domains, differing structural controls, 
and possibly differing source regions within the rifting continental lithosphere. 

Rattlesnake Mountain pluton 

The Rattlesnake Mountain pluton (Figure 5) is composed chiefly of coarse-grained ferrohastingsite syenite; 
nepheline-bearing syenites comprise about 20% of exposures. Other minor but distinctive lithologies include 
fine-grained syenite forming a chilled margin to the pluton and mafic syenite of hybrid origin. The chilled 
margin of the pluton is well exposed at several locations and dips outward at 35° except along the northwest 
where dips of 76-80° are recorded. A lamprophyre dike or plug (?) within the pluton is intruded by the 
ferrohastingsite syenite. The presence of hybridized syenites (Figure 5) suggest that more extensive occurrences 
of lamprophyric rocks may have been present prior to emplacement of the pluton. As noted above dikes of 
trachyte, nepheline trachyte and lamprophyre are thin and generally sparse within the pluton. 

Several distinct lithologic units are recognized within the Rattlesnake Mountain pluton (DeMartinis, 1976; 
Carter and others, 1979; Whitaker, 1984; Creasy and others, 1986). In order of decreasing relative age these are: 
mafic hybridized syenite, medium-grained biotite-ferrohastingsite syenite, coarse-grained ferrohastingsite syenite, 
fine-grained syenite, nepheline-bearing syenite, and nepheline syenite. 

Coarse-grained ferrohastingsite syenite (FIIS of Table l) is the most abundant rock type. Microperthite 
and ferrohastingsite dominate the mineral assemblage; orthoclase and oligoclase are the only other minerals 
commonly present in greater than trace amounts. The feldspar:amphibole ratio ranges from 3: 1 to 25: 1 (average 
10: 1) and although variations are at the outcrop scale, no systematic variations in this ratio are seen across the 
pluton. Occasional grains of aegirine-augite are present in thin section and usually are rimmed by 
ferrohastingsite. Other typical accessory minerals include sphene, apatite, zircon, allanite, and magnetite. The 
subhedral crystal shapes of feldspar and ferrohastingsite indicate simultaneous crystallization (or accumulation) of 
these two minerals. In nearly all other syenites of the White Mountain magma series, amphibole is an 
interstitial, late crystallizing mineral. Cumulate textures are not recognized within the ferrohastingsite syenite but 
this does not preclude the presence of significant cumulus alkali feldspars (Creasy and others, 1979). The 
sparsely distributed nepheline ("" 1 grain/m2) is present in the ferrohastingsite syenite as interstitial grains; no 
quartz has been observed in hand samples or thin section. 

Medium-grained biotite-ferrohastingsite syenite is found as ellipsoidal inclusions ("" 5-15 cm) within the 
coarse-grained syenite and as a separate body in the center of the pluton. It is distinguished from the coarser 
syenite by a greater abundance of biotite (up to 15%), a greater proportion of orthoclase and oligoclase relative 
to microperthite (particularly noted within inclusions) and a finer grain size (DeMartinis, 1976). The 
amphibole:biotite ratio ranges from 5: 1 to 1: 1 within this unit although no systematic variation is recognized. 
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Figure 5. Geologic map of the Rattlesnake Mountain pluton (after Whitaker, 1984; Creasy, 1989). 
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Table 1. Average modes of rocks from Ratllesnake Mountain igneous complex. 

ROCK UNIT 

MINERAL CQM HBT NET FHS NBS NS 

Orthoclase 24 42±4 39±6 7±4 19±5 4±1 

Oligoclase 34 39±5 40±7 4±1 2 

Microperthite 0 4±1 0 75±7 62±12 63±2 

Quartz 36 0 0 0 0 0 

NepHeline 0 0 4±2 0 3±2 16±2 

Biotite 5 2±1 5±3 1±1 1 1 

Muscovite 3 0 0 0 0 0 

Ferrohastingsite 0 7 8±3 11±6 12±3 8±3 

Aegerine-augite 0 0 1 3±3 2 

Opaques tr 3 2 tr 1 

#samples 2 5 8 16 7 2 

CQM = quartz monzonite of Sebago pluton, HBT = hornblende trachyte, 
NET = nepheline trachyte, FHS = ferrohastingsite syenite, 
NBS = nepheline-bearing syenite, NS = nepheline syenite. 

Hybrid syenite designates rocks resulting from the injection and disaggregation of lamprophyre by syenitic 
magma. Hybrid syenites occur in the southwestern part of the pluton and in outcrop range from largely mafic 
material injected by syenitic dikes to largely syenitic material with a high color index. In thin section, the latter 
exhibit a disequilibrium mineral assemblage, e.g. strongly zoned titanaugite xenocrysts are rimmed by augite and 
ferrohastingsite. 

Nepheline-bearing syenite and nepheline syenite. Nepheline-bearing syenite (NBS of Table 1) forms an 
elongate body in the northern part of the pluton. It is medium- to fine-grained and distinguished by the presence 
of 2-10% nepheline. Nepheline syenite (NS of Table 1) crops out in the northeast part of the pluton. It is 
readily distinguished by its medium-grained bostonitic texture and up to 15-25% pink angular nepheline 
(Ne68Ks32, Carter and others, 1979). Microperthite is the dominant feldspar in both units; however, some samples 
of the nepheline-bearing syenite have a sub-parallel feldspar lamination. Similar textures present in nepheline
sodalite syenite at Red Hill, NH, are considered by Size (1972) to be of cumulate origin. The late magmatic 
crystallization of nepheline is illustrated by thin sections of nepheline syenite: nepheline fills triangular 
interstices formed by randomly arrayed laths of microperthite. The nepheline syenite thus appears to represent a 
quenched liquid rather than a cumulus mineral assemblage. Both units contain about 8-12% ferrohastingsite and 
minor aegirine-augite and biotite. Weak sericitic alteration of microperthite is noted in most specimens of the 
nepheline syenite. 

Associated Comagmatic Dikes 

In contrast to most intrusive centers of the White Mountain magma series, swarms of dikes are associated 
with the Rattlesnake Mountain pluton (Figure 6). Dikes of trachyte and nepheline-bearing trachyte are thin (cm
scale) and generally sparse within the pluton. However, only 1 km to the northeast, 52 dikes with an aggregate 
width of 113 m intrude a zone 1.2 km wide. Southwest of the pluton 42 dikes totalling 47 m in width occur in a 
zone 0.9 km wide. The average orientation of these dikes is N54°E±l4° with vertical dip (Griffith, 1983) and is 
controlled by a regional joint orientation (Creasy, 1979). These data indicate a NW-SE crustal dilation of 10% 
and 5%, respectively. The dikes decrease in width and number with increasing djstance from the pluton. Three 
lithologic types are present (percentage of dike population): porphyritic hornblende trachyte (75%), porphyritic 
nepheline trachyte (20%) and lamprophyre and basalt (5%). 
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Porphyritic hornblende trachyte (HBT of Table 1) fonns dikes up to 13 m wide although more than 2/3 
of the dikes are less than 2 m wide. Phenocrysts of orthoclase (typically 30% of sample) and hornblende (5%) 
are set in a fine-grained trachytic groundmass consisting of orthoclase, albite, hornblende, magnetite and biotite. 
Some samples are mildly peralkaline with minor amounts of aegirine-augite and riebeckite present in the 
groundmass. Weak to moderate sericitic alteration of feldspars is typical; hornblende phenocrysts are altered to 
assemblages containing calcite, chlorite, and magnetite. A variant of the trachyte described as hornblende 
microsyenite by Griffith (1983) contains abundant small partially digested inclusions of calcareous · 
metasediments. 
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Figure 6. Map illustrating the spatial relations of the Rattlesnake Mountain pluton and associated dike swarms 
(after Griffith, 1983; Creasy, 1989). 

Porphyritic nepheline trachyte (NET of Table 1) is widely distributed but most abundant near the pluton 
(Griffith, 1983). Phenocrysts (30% of rock) of zoned albite-oligoclase, orthoclase, hornblende, biotite and rarely, 
nepheline, are set in a groundmass that includes the same minerals. Nepheline (1-10%) has two distinct 
occurrences: as rims on plagioclase phenocrysts and as grains interstitial to feldspar laths in the groundmass. 
Although nepheline is difficult to discern in handsample and is most easily identified by staining, samples with· 
abundant nepheline are gray and contrast with the light brown typical of the hornblende trachyte. The minor 
minerals of the groundmass and the alteration assemblages are similar to those of the hornblende trachyte. 

Mafic dikes are rare and their immediate relation to the Rattlesnake Mountain complex may be solely 
spatial rather than genetic, since no comparable mafic plutonic rocks are present and mafic dikes are ubiquitous 
throughout much of southwestern Maine. Lamprophyre has a typical Ti-rich mineralogy: phenocrysts of 
unresorbed olivine, titanaugite, and magnetite in a groundmass of oligoclase, barkevikite, magnetite, and minor 
titanaugite. Basalt samples contain phenocrysts of partially resorbed olivine, augite and plagioclase in a 
groundrnass which consists of plagioclase, hornblende, magnetite, and biotite. 
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Granitoids of the Sebago pluton 

DeMartinis (1976) described granitoidS and migmatites from the vicinity of Rattlesnake Mountain as 
consisting of a medium- to coarse-grained two-mica quartz monzonite (CQM, Table I) containing inclusions and 
regionally-oriented septa of oligoclase-biotite schist and gneiss; pegmatite and aplite dikes are present in most 
outcrops. Biotite granite crops out along the northwest margin of the pluton. This granite is demonstrably older 
than the syenite but is inferred to be younger than the quartz monzonite. It is distinguished from the quartz 
monzonite (DeMartinis, 1976) by the abundance (=6%) of small schist inclusions, the lack of muscovite, the 
greater ratio of alkali feldspar:plagioclase, and locally, the presence of sodic amphibole. The latter was attributed 
to alkali metasomatism adjacent to the intruding syenite (DeMartinis, 1976). This granite is similar to other non
foliated subaluminous granites, e.g. the Black Cat granite (Creasy, 1979), occurring within peraluminous rocks of 
the Sebago batholith. 

A PETROGENETIC MODEL 

A petrogenetic model for the Rattlesnake Mountain igneous complex (Creasy, 1989) assumes emplacement 
of a critically saturated syenitic magma within the upper crust, a process facilitated by regional NW-SE extension 
during Jurassic time. The NE-SW trending trachyte dikes were precursors of the ascending magma chamber. 
Cooling of the magma chamber promoted the inward crystallization and accumulation of alkali feldspar to 
produce cumulate ferrohastingsite syenite. Residual magma became increasingly undersaturated and peralkaline. 
Fracturing of the magma chamber tapped residual magmas to produce nepheline trachyte dikes and, within the 
upper margin of the chamber, nepheline-bearing syenite. Solidification of the final liquid residuum yielded 
peralkaline nepheline syenite. 

The spatial and temporal association of these plutonic rocks and of lamprophyre (hybrid intrusive breccia) 
suggest a possible genetic link at depth: mantle-derived magma fractionates to a critically saturated syenitic 
magma that ascends into the upper crust where further fractionation accompanies solidification. Existence of 
nepheline in the Rattlesnake Mountain igneous complex preclude any significant interaction with the quartz-rich 
rocks of the upper crust. 

ITINERARY FOR RATTLESNAKE MOUNTAIN IGNEOUS COMPLEX 

STOP 1. TRACHYTE DIKES ON PISMIRE MTN 
(1 HOUR) (Raymond Quadrangle). The purpose of this traverse 
(Figure 7) is to examine the dike swarm of the Rattlesnake 
Mountain igneous complex. More than 50 dikes ~e exposed on 
the southwest side of Pismire Mtn and have an aggregate thickness 
of 113 meters. Both trachyte and nepheline trachyte dikes are 
present here, with individual trachyte dikes exceeding_ 6 meters in 
width (Griffith, 1983). Trachyte dikes tend to be brownish in color 
and the nepheline trachyte bluish in color. The traverse for this 
excursion is a loop as shown on the accompanying map. 

Figure 7. Location of STOP R-1, Pismire Mtn 
traverse. Grid spacing is 1 km. 
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Figure 8. Location of sites for STOP R-2, Rattlesnake Mountain traverse. Refer to Figure 5 for complete 
legend. 

STOP 2. TRAVERSE OF RATTLESNAKE MOUNTAIN PLUTON (3 HOURS) (Raymond 
Quadrangle). Access to Rattlesnake Mountain is best gained using a logging road from Route 121, southwest of 
the mountain. The logging road leaves the east side of Route 121 about 100 yards north of the intersection of 
route 121 and a power transmission line. This road is passable with a four-wheel drive vehicle in dry weather. 

The purpose of this traverse is to examine the field aspects of the Rattlesnake Mountain pluton (Figure 8). 
The first stop is a small knoll of Sebago granitoids and migmatized metasediments representative of the country 
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rock. Several dikes are exposed here. Continue on the logging road to the saddle (elevation about 620'). From 
here the traverse is clockwise around the mountain to outcrops of most of the rock types. The stops are 
indicated on the accompanying map. Those not wishing to ascend Raulesnake Mtn (1036') may rejoin the group 
at the second saddle (about 700') about 0.5 mi to the northeast. 
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