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INTRODUCTION 

 

This field trip provides an opportunity to explore deformed and metamorphosed stratified rocks of the 
Ordovician Casco Bay Group and Silurian Fredericton trough in mid-coastal Maine. Additionally, a wide variety of 
plutonic rocks are present, and they not only provide information on the tectonics of the region during magma 
generation, but their varying relationships to overprinting deformational and metamorphic events provide important 
constraints the nature and timing of these events. At least four phases of deformation are recorded by rocks in this 
area, and they provide insight into a complex history of evolving tectonic activity through much of the Paleozoic. 

 

The groundwork for this field trip was laid by previous workers who mapped the spatial distributions of the 
various rock types and described their relationships to one another. The work completed prior to 2002 was 
summarized and discussed in detail in association with the Maine Geological Survey’s publications on the bedrock 
geology of the Bath 1:100,000 quadrangle (Hussey and Marvinney, 2002; Hussey and Berry, 2002). Since that time, 
detailed 1:24,000 scale maps have been published for many of the 7.5 minute quadrangles in the area of Figure 1, 
and those interested are encouraged to download maps from the Maine Geological Survey 
(https://www.maine.gov/dacf/mgs/pubs/online/bedrock/bedrock.htm). Additionally, the 2016 New England 
Intercollegiate Geological Conference Guidebook contains many field trips through the area and can also be obtained 
from the Maine Geological Survey (https://digitalmaine.com/mgs_publications/24/). Finally, West, Peterman, and 
Chen (2021) recently summarized the Silurian-Devonian tectonic evolution of the region, but work is ongoing!   

 
GEOLOGIC SETTING 

 

 The field area is located in mid-coastal Maine, between the northern part of Casco Bay to the west and the 
western side of Penobscot Bay to the east (Figure 1). The bedrock in this portion of the northern Appalachians is 
complex, having been deformed during multiple events, metamorphosed to amphibolite facies conditions, and 
intruded by several generations of plutons (Tucker et al., 2001; Hussey and Berry, 2002; Hussey et al., 2010; West et 
al., 2021), some of which were emplaced before and during deformation, thereby providing key constraints on the 
tectonic evolution of the region. An overview of the stratified and plutonic rocks is provided below, along with a 
more detailed discussion of deformation and metamorphism.  

 

Lithotectonic Sequences 
 

 The stratified rocks in this region can be divided into numerous fault-bounded lithotectonic belts based on their 
ages and internal stratigraphy. Figure 1 provides an overview of the regional spatial distribution of these belts with 
field trip locations highlighted. From west to east, the more extensive belts include (1) primarily Silurian 
metasedimentary rocks of the Central Maine sequence, (2) Ordovician metasedimentary and metavolcanic rocks of the 
Liberty-Orrington belt, (3) Silurian metasedimentary rocks of the Fredericton trough, and (4) a region underlain by 
several different peri-Gondwanan belts ranging in age from Late Precambrian to Ordovician. Two spatially restricted 
belts, the Ordovician East Harpswell Group and the Cross River Formation of uncertain age, are shown in the Liberty-
Orrington belt and Fredericton trough, respectively. A summary of the lithologies immediately proximal to the study 
area is provided below; the reader is referred to Berry and Osberg (1989), Tucker et al. (2001), Hussey and Berry 
(2002), and Fyffe et al. (2011) for the details of rock types present, constraints on protolith ages, and interpretations of 
the contact relationships between the different belts shown in Figure 1. 



 
Figure 1. Generalized geologic map of mid-coastal Maine showing the major lithotectonic belts, bounding faults, and Paleozoic 
intrusive rock bodies (modified from Osberg et al., 1985; Hussey and Marvinney, 2002; Gerbi and West, 2007). BH = Blinn Hill 
granite gneiss (424 ± 2 Ma); HB = Hornbeam Hill granite gneiss (393 ± 4 Ma: Gerbi and West, 2007); HH = Haskell Hill granite 
gneiss (408 ± 5 Ma); SG = Lake St. George granite gneiss (422 ± 2 Ma); L = Lincoln syenite (418 ± 1 Ma); L-O = Liberty-Orrington 
thrust; NU = North Union granite gneiss (422 ± 2 Ma); S = Spruce Head granite (421 ± 1 Ma); W = Waldoboro granite (368 ± 2 Ma); 
Y = Youngtown granite (420 ± 2 Ma). B = Boothbay Harbor. Unless otherwise indicated, all quoted ages are U-Pb zircon ages from 
Tucker et al. (2001). The red box outlines the approximate area of Figure 6.  
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 The Ordovician Liberty-Orrington belt is exposed immediately southeast of the extensive, largely Silurian 
metasedimentary rocks of the Central Maine basin (Fig. 1). The relatively narrow (< 25 kilometers) nearly 175-
kilometer-long belt contains metamorphosed Middle to Late Ordovician volcanic and volcanogenic sedimentary rocks 
of the Falmouth-Brunswick Group and the Casco Bay Group (Hussey et al., 2010). These rocks are interpreted to 
represent an assemblage of volcanic arc to back arc rocks of Gondwanan affinity (i.e., Ganderia) that were accreted to 
the Laurentian margin during the Silurian (West et al., 2004; Hussey et al., 2010). Rocks of the Falmouth-Brunswick 
sequence and Casco Bay Group are juxtaposed along various faults and shear zones associated with the Norumbega 
fault system (Ludman and West, 1999).  

 Included within the Liberty-Orrington belt in Figure 1 is a thin belt of enigmatic rocks known as the 
Passagassawakeag Gneiss. First defined by Bickel (1976), these rocks are now known to be continuous for nearly 75 
kilometers along the eastern margin of the Liberty-Orrington belt and represent a high-grade metamorphic complex 
that contains variable percentages of schist, sheared plutonic rocks, and migmatite. Multiple phases of ductile 
deformation and high-grade metamorphism have hindered interpretations of the original protolith age and tectonic 
affinity of these rocks. Contact relationships between the Passagassawakeag Gneiss and its correlatives and adjacent 
stratified rock units are shown to be faulted in all areas where detailed mapping has been completed.  

 Southeast of the Casco Bay Group and Passagassawakeag Gneiss of the Liberty-Orrington belt lie metamorphosed 
Silurian turbidites of the Fredericton trough. This belt of rocks extends from southern New Brunswick (Kingsclear 
Group) southeastward through southern Maine and has been interpreted to represent sedimentation in a foredeep 
tectonic setting (van Staal and Williams, 1988; Fyffe et al., 2011; Dokken et al., 2018). The Merrimack trough in 
southern New England has been interpreted as a southern continuation of the Fredericton trough (Wintsch et al., 2007). 
In mid-coastal Maine, rocks of the Fredericton trough are represented by the Bucksport and Appleton Ridge 
formations, although only the Bucksport Formation is exposed in the present field area. 

 Rocks included within the Ordovician Liberty-Orrington belt (e.g., Casco Bay Group and Passagassawakeag 
Gneiss) and the younger Silurian rocks of the Fredericton trough are juxtaposed along the east-verging Boothbay thrust 
fault (Hussey, 1986; Hussey and Marvinney, 2002; Hussey and Berry, 2002). The Boothbay thrust, a subject of 
discussion below, likely correlates with the Liberty-Orrington thrust of Tucker et al. (2001) in south-central Maine, and 
Reusch and van Staal (2012) correlate it with the Dog Bay Line in eastern Newfoundland (Williams et al., 1993) and 
its southern extension into New Brunswick, the Bamford Brook fault (van Staal et al., 2009). 

Plutonic Rocks 
 

 Several generations of intrusive igneous rocks are shown in Figure 1, and as discussed below, their relationships to 
regional deformation and metamorphism provide critical constraints on the tectonic history of the region. The intrusive 
rocks can be divided into four general groups based on age, composition, and relationships to deformational fabrics in 
the surrounding stratified rocks.   

(1) Late Silurian (420-425 Ma) granitoid rocks whose relationships to deformational events recorded in 
surrounding stratified rocks vary spatially across the region (fig. 2). East of the Sennebec Pond fault, Late 
Silurian intrusions (e.g., Spruce Head and Youngtown plutons) are undeformed, whereas those to the west of 
this structure (e.g., Blinn Hill, Lake St. George and North Union plutons) are strongly deformed.  

(2) Late Silurian-Early Devonian variably deformed, ultra-potassic rocks of the Lincoln syenite and Edgecomb 
Gneiss. These rocks will be visited at Stop 1 and details are provided in that section of the guide.  

(3) Strongly foliated granitic rock bodies of Early to Middle Devonian age. The largest and most proximal of these 
is the Haskell Hill granite gneiss (408 ± 5 Ma: Tucker et al., 2001)  

(4) Numerous non-foliated to moderately foliated, Middle to Late Devonian granites and granitic pegmatites 
distributed across the area of Figure 1. The largest of these bodies includes the composite Waldoboro Complex 
(Barton and Sidle, 1994), a portion of which has an intrusive age of 368 ± 2 Ma (Tucker et al., 2001).  Many of 
the mappable bodies and the smaller granites and pegmatites contain accessory muscovite and/or garnet 
characteristic of peraluminous compositions. 



 
Structural Geology 

 

 Our observations in the area of Figure 1 are consistent with previous structural studies in the region (e.g., Hussey 
and Berry, 2002, Eusden et al., 2016) and suggest at a minimum of at least four distinct phases of deformation. The 
relative age relationships between these different events are described below and the absolute age constraints are 
provided by U-Pb zircon dates presented in West et al. (2021) and elsewhere.    

 Early thrust faulting (D1 deformation). The earliest documented phase of deformation in the region involves the 
thrusting of the Casco Bay Group over the Fredericton trough along the east-verging Boothbay thrust fault (Hussey 
and Berry, 2002). Rare, small-scale recumbent folds may be associated with this phase of deformation and have been 
documented elsewhere in the region (e.g., Small Point area, see Hussey, 1988 fig. 6A, and Eusden et al., 2016; and 
Boothbay area, see Hussey and Berry, 2002 fig. 45). It should be noted, however, that fabrics associated with this 
early thrusting have not been identified in the present study area. Fabrics within the Edgecomb Gneiss and all 
surrounding stratified rocks are uniformly north to northeast striking and steeply dipping (fig. 4), consistent with later 
phases of Acadian deformation (see below). Additionally, metamorphic mineral assemblages in all rocks, including 
the Edgecomb Gneiss (see below), are consistent with Acadian (Devonian) amphibolite facies metamorphism. Reusch 
and van Staal (2012), Eusden et al. (2016) and West et al. (2021) have attributed this phase of deformation to the 
initial accretion of peri-Gondwanan terranes to the Laurentian margin in the Late Silurian (i.e., Salinic orogeny).   

 Upright folding and associated steep foliation (D2 deformation). The most pervasive phase of deformation in the 
region is characterized by shallow plunging, north to northeast trending, tight to isoclinal, upright folds. These folds 
are superimposed on all map units, and they deform the Boothbay thrust in multiple places along its length. 
Associated with the upright folds is a steeply dipping axial planar foliation that is parallel to compositional layering 
(transposed?) and pervasive throughout the region. The folds and associated fabrics are correlated with the regionally 
extensive F2 folding event of Hussey (1988) in the Casco Bay region, the F2 folding event of Osberg (1988) in south-
central Maine, and more locally the D3 event of Eusden et al. (2016) in the Small Point area. Given that structures 
associated with this event are found in the nearby 424 ± 2 Ma Blinn Hill granodiorite (see fig. 1 for location, and 
Tucker et al., 2001 for the radiometric age), and the ca. 413 Ma Edgecomb Gneiss protolith intrusion, this 
deformational event post-dates these intrusions and marks the main phase of Acadian deformation in the region.    

 Ductile dextral shear deformation (D3 deformation). Superimposed on structures associated with the D2 
deformational event are a wide variety of structures consistent with dextral shear. These include small-scale structures 
such as asymmetric folds, asymmetric boudinage, shear-band fabrics, as well as thin zones of mylonitic deformation. 
This deformational episode is correlated with a complex and prolonged duration of regional dextral transpression that 
in this region is referred to as the Casco Bay Restraining Bend of the Norumbega Fault and Shear Zone System 
(Swanson, 1999; 2016, and see Figure 2). This is a particularly wide and complex portion of the northeast trending 
Norumbega fault system (Ludman and West, 1999) that extends at least 450 km, from the Maine-New Hampshire 
border into central New Brunswick. Recently, Kuiper (2016) and Kuiper and Wakabayashi (2018) have proposed the 
Norumbega fault system developed and evolved following the subduction of an oceanic ridge-transform system.      

 Brittle faulting (D4 deformation). The last phase of significant deformation in the area of Figure 1 are a number of 
late brittle faults that occur in a wide range of orientations. Some of these faults (e.g., the Flying Point fault) are 
parallel to the main trend of the Norumbega fault system and suggest dip-slip re-activation of portions of this structure 
in Mesozoic time (West and Roden-Tice, 2003). In the case of the Flying Point fault, this may have involved 
kilometer scale displacement. Another late fault, the Back River fault, is located beneath the Sheepscot River estuary 
at Wiscasset and can be traced an additional 15 kilometers to the southeast (Hussey and Marvinney, 2002; West and 
Hussey, 2020). Numerous smaller brittle faults have been mapped in the region based on both late offsets of 
formational contact coinciding with brittle deformational features, and on prominent topographic lineaments (West 
and Hussey, 2022b). Detailed studies of brittle deformational features in the region are lacking. 



 
Figure 2. This is a reproduction of Figure 1 of Mark Swanson’s regional field trip through the region in 2016. Please note that 
the field trip stops indicated in black refer to Swanson’s stops, while the red boxes refer to stops associated with this field trip. 
Note the locations of our Stops 1 and 2 are within Swanson’s zone of pure shear, whereas our subsequent stops are within a zone 
of dextral shear. The geologic base map is modified from Osberg et al. (1985). 
 

Metamorphism 
 

 Metamorphism in the area of Figure 1, although complex and polyphase in many areas, is uniformly high grade 
(amphibolite facies). Pelitic rocks in much of the area contain mineral assemblages consistent with sillimanite +K-
feldspar grade conditions and migmatites are common in these areas. No aluminosilicate minerals other than 
sillimanite and andalusite have been observed in the area of Figure 1 suggesting that all of the metamorphism 
recorded occurred under relatively low-pressure conditions (i.e., Buchan style). 

 The distribution of 40Ar/39Ar hornblende ages from across the region suggest differences in the timing of cooling 
following the last high-grade metamorphic events in particular areas. 40Ar/39Ar hornblende ages west of the Sennebec 
Pond fault (Fig. 1) range from about 380 to 350 Ma and are consistent with cooling following Acadian amphibolite 
facies metamorphism (West et al., 1993). Monazite ages reported from these areas (Gerbi and West, 2007; Peterman 
and Eusden (2018), although generally 20-30 million years older, are consistent with this finding. However, east of 
the Sennebec Pond fault (Fig. 1), 40Ar/39Ar hornblende cooling ages are consistently Late Silurian (430-415 Ma) and 
indicate cooling following the late significant metamorphic event in this region pre-dated the Acadian (Devonian) 
metamorphism that is so pervasive to the west. Finally, in the southwestern corner of Figure 1, northwest of the main 
strand of the Norumbega fault system, 40Ar/39Ar hornblende cooling ages are Permian (West et al., 1993). This, 
combined with pegmatites of similar age in this area (Tomascak et al., 1996) suggest a Late Paleozoic (Alleghanian) 
overprint.  
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SUMMARY OF THE PALEOZOIC TECTONIC HISTORY OF THE MID-COASTAL MAINE AREA 

 
1. Refer to Figure 3a: The Liberty-Orrington terrane is a nearly 175-kilometer long belt that contains Ordovician 

rocks of the Falmouth-Brunswick, Casco Bay, and East Harpswell groups (green rocks in Figure 1). Previous 
geochemical (West et al., 2004) and geochronological work (Hussey et al., 2010) have established a correlation 
with similarly aged rocks in the Miramichi belt of New Brunswick (van Staal et al., 2003) and adjacent Maine 
(Ludman et al., 2018). Following the models of van Staal et al. (2009; 2016), these rocks are associated with an 
evolving volcanic arc (Popelogan) to backarc basin (Tetagouche-Exploits) that formed offshore of the 
Laurentian margin in Middle to Late Ordovician time.  
 

2. Refer to Figure 3b: Metasedimentary rocks of the Bucksport Formation (light blue rocks in Figure 1) represent 
a southern extension of the Fredericton trough, and similar rocks extend into southern New England as the 
Merrimack belt (Wintsch et al., 2007). Tectonic models that account for the development of the Silurian 
Fredericton-Merrimack sedimentary basin have converged on deposition in a syn-accretionary foredeep 
associated with closure of the aforementioned Tetagouche-Exploits backarc basin (Wilson et al., 2015; Dokken 
et al., 2018; Ludman et al., 2018). 
 

3. Refer to Figure 3c: Initial juxtapositioning of the Ordovician Liberty-Orrington and Fredericton terranes was 
accomplished along the east-verging Boothbay thrust fault. This structure represents the so-called Dog Bay Line 
(Williams et al, 1993; Reusch and van Staal, 2012) in this portion of the northern Appalachians. This thrust 
faulting (D1) occurred prior to the intrusion of the 418 ± 1 Ma Lincoln syenite, and by association, the ca. 413 
Ma igneous protolith of the Edgecomb Gneiss. Based on previously published regional relationships, this 
deformation is associated with the Salinic orogeny and was a result of the accretion of the Ganderia 
microcontinent to the Laurentian margin prior to 423 ± 3 Ma. 

 

4. Refer to Figure 3c and Stop 1 Description: Petrologic, geochemical, and U-Pb isotopic data indicate that the 
Edgecomb Gneiss was an intermediate igneous rock of ultra-potassic composition that intruded at ca. 413 Ma 
West et al., 2021). The distinctive geochemical characteristics of the Edgecomb Gneiss allow for correlations 
with rocks of similar composition and age (e.g., Lincoln Syenite) that occur along an at least 140-kilometer 
length of the northwestern margin of the Fredericton trough. Generation of the ultra-potassic magma in Early 
Devonian time was likely the result of the break-off of the descending Salinic oceanic slab beneath the 
previously accreted Ganderian microcontinent. The extension superimposed on a localized region of previously 
metasomatized lithospheric mantle resulted in the unique magma composition. 

 

5. Refer to Figure 3d and Stop 2 description: Earlier structures (D1) and the ca. 413 Ma Edgecomb Gneiss igneous 
protolith were overprinted by upright folding (D2) and low-pressure amphibolite facies metamorphism. Zircon 
overgrowths dated at ca. 399 Ma in the Edgecomb Gneiss (Figure 5) are a product of this period of deformation 
and metamorphism which is attributed to the Acadian accretion of the outboard Avalonian microcontinent. 

 

6. Refer to Figure 2: Structures consistent with dextral shear deformation are superimposed on all features and 
reflect a prolonged period of Middle Devonian-Carboniferous dextral transpression associated with the 
Norumbega fault and shear zone system (Swanson, 2016).     
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Figure 3. Schematic cross sections showing the tectonic evolution of the coastal Maine portion of the northern 
Appalachians from Late Ordovician to Middle Devonian time (from West, Peterman and Chen, 2021). Red arrows refer to 
regions relevant to the study site location. MT = previously accreted Gondwanan-derived Moretown terrane of Macdonald 
et al. (2014); Popo. arc = Early to Middle Ordovician Popelogan volcanic arc of van Staal et al. (2016); L-O = Liberty 
Orrington belt: T = towards and A = away in a regional dextral transpressive setting. Note, for clarity in panels B-D, rocks 
of the Late Ordovician-Early Devonian Central Maine Basin that cover rocks of the Popelogan arc at the latitude of this 
study are not shown. Notes on individual panels: (A) The regional model is based on van Staal et al. (2009) and van Staal 
and Barr (2012). The local tectonic setting of the Liberty-Orrington (L-O) belt is based on West et al. (2004) and Hussey 
et al. (2010). (B) The regional model is based on Reusch and van Staal (2012), Wilson et al. (2015), and Dokken et al. 
(2018). (C) The regional model is based on van Staal and Barr (2012), Llamas and Hepburn (2013), and Wilson et al. 
(2017). The local tectonic setting for the ultra-potassic magmatism is from West et al. (2007). (D) The regional scale 
model is based on van Staal and Barr (2012). 



 
FIELD TRIP STOPS 

 
Meeting point: The 8:30 am meeting point for the field trip will be in the Coffin Street Parking Lot on the Bowdoin 
College Campus (UTM 422863E, 4861936N). We will then proceed north on Rt. 1 towards Bath and Wiscasset, 
eventually turning south on Rt. 27 towards Boothbay Harbor. The drive to the first stop should take approximately 
45 minutes.  
 

 Please note that the stops on this field trip are located on private property, and arrangements to visit these sites 
apply only to this specific trip. Later access to these locations is not implied and future visits will require permission 
of landowners prior to visiting. Note, because GPS locations of all stops are provided, a detailed road log for this trip 
is not included. All GPS coordinates listed in this field guide are UTM 19T, NAD 1984 datum. 
 
 
STOP 1: STRONGLY DEFORMED AND METAMORPHOSED LATE SILURIAN-EARLY DEVONIAN 
ULTRAPOTASSIC SYENITE OF THE EDGECOMB GNEISS, BOOTHBAY HARBOR COUNTRY CLUB. 
(Outcrops are located between the 14th green and the 15th tee at UTM 450620 E, 4858575 N) 
 
 The outcrops of Edgecomb Gneiss exposed here represent the finest exposures of one of the most informative 
rock units in mid-coastal Maine. The Edgecomb Gneiss, and co-magmatic rocks of the Lincoln Syenite (a.k.a., 
Lincoln Sill and Lincoln Shonkinite), are deformed and metamorphosed latest Silurian to earliest Devonian (~ 415 
Ma) ultrapotassic intrusive igneous rocks. This magmatism, present along a narrow 140 kilometer long distance along 
the northwestern margin of the Fredericton trough, occurred during a restricted interval of time between the Salinic 
and Acadian orogenies in this region. West et al. (2021) have argued this restricted area of ultra-potassic magma 
generation can be attributed to the breakoff of the descending Salinic oceanic slab that triggered decompression 
melting of a previously metasomatized mantle wedge region beneath the previously accreted Ganderian 
microcontinent (refer back to panel C of Figure 3). Initial terrane accretion is interpreted to have occurred during the 
Silurian (Salinic orogeny) prior to the generation of the ultrapotassic magma, and in mid-coastal Maine this is marked 
by the Boothbay thrust that juxtaposes Ordovician arc/back-arc rocks of the Liberty-Orrington belt with Silurian rocks 
of the Fredericton trough (West and Hussey, 2022a, b). Devonian (Acadian) compressional and transpressional 
deformation and amphibolite facies metamorphism was subsequently superimposed on the juxtaposed terranes and the 
ultrapotassic rocks of the Lincoln Syenite and Edgecomb Gneiss. 
 
 The Edgecomb Gneiss at this location is a medium to dark gray, plagioclase-K-feldspar-biotite-quartz-hornblende 
± clinopyroxene gneiss. The rock is characterized by light-colored, K-feldspar and plagioclase augen set in a finer-
grained matrix of quartz, plagioclase, biotite, and hornblende. The mineralogy, texture, and whole rock geochemical 
signatures (see Figure 4) indicate the Edgecomb Gneiss represents a deformed and metamorphosed alkaline igneous 
rock of intermediate silica composition. Detailed mapping (West and Hussey, 2022 a, b) and geochemical 
comparisons (West et al., 2021) indicate these rocks are co-magmatic with those of the Lincoln syenite (West et al., 
2007). In this particular region, rocks of both the Edgecomb Gneiss and Lincoln Syenite are found as thin deformed 
sills and boudins (< 50 meters across) within the Bucksport Formation near its western margin. Outcrops of 
granite/pegmatite injected interlayered biotite and calc-silicate granofels of the Bucksport Formation, better observed 
at Stop 2, are also present at this exposure and particularly good exposures are about 30 meters north of the main mass 
of Edgecomb Gneiss. Although exposures of the Ordovician Cape Elizabeth Formation in the hanging wall of the 
Boothbay thrust are mapped less than 300 meters to the east of this location (West and Hussey, 2022a), a huge cliff 
immediately to the east of this exposure prevents access. Importantly, all of these rocks – the Bucksport Formation, 
the Cape Elizabeth Formation, and the Edgecomb Gneiss – are metamorphosed to amphibolite facies and are 
deformed by upright folds and associated steeply dipping penetrative foliation (i.e., Acadian deformation and 
metamorphism).  



               
 

       
 

Figure 4. Top Diagrams: Whole rock geochemical comparisons between rocks of the Edgecomb Gneiss (red symbols) and Lincoln 
Syenite (green & gray symbols). On the left are Harker major element variation diagrams that illustrate the intermediate silica 
compositions (~55-62 wt.% SiO2) and the usual occurrence of equally high concentrations of MgO & TiO2 characteristic of mafic 
rocks, and high concentrations of K2O and Na2O characteristic of felsic rocks. On the right are normalized (Sun and McDonough, 
1989) rare-earth and trace element data that illustrate high abundances of light rare earth elements and the prominent negative niobium 
anomaly that is characteristic of magmas generated in regions influenced by the presence of subduction-related fluids. Both figures are 
taken directly from West et al. (2021). Bottom Diagrams: U-Pb results (SHRIMP-RG) from zircons analyzed from the Edgecomb 
Gneiss. (A) Concordia diagram covering the range of ages for concordant zircon analyses from sample EG-17a. The different color 
ellipses correspond to the different age domains shown in B; shaded ellipses represent the Concordant Age calculated for each 
domain. (B) 207Pb corrected 238U/206Pb ages from the different zircon age domains. Both figures directly from West et al. 2021).    
 
Return to cars, return to Rt. 27 south, and eventually take Rt. 96 to the east and south and its eventual ending point at 
Stop 2 (Ocean Point). This is an approximately 8-mile drive.  

Edgecomb Gneiss 

Edgecomb Gneiss 



STOP 2: FOLDED METASEDIMENTARY ROCKS OF THE BUCKSPORT FM. OF THE FREDERICTON 
TROUGH AT OCEAN POINT (A parking area is located near the end of Rt. 94 is at UTM 452150 E, 4851653 N). 
 

Note the parking in this area, although free, can be competitive during the summer months. Once safely and legally 
parked, proceed down to the water’s edge and walk to the scenic coastal exposures to the east of the main embayment. 
These outcrops are accessible at all tidal ranges. Although we will not cover it all, over a kilometer of continuous bedrock 
exposure can be found here and they represent some of the finest exposures of Bucksport Formation AND Acadian-aged 
upright folding (F2). The Bucksport Formation at this location represents the southern-most mainland exposure of the 
regionally extensive Fredericton trough. This belt of rocks extends from southern New Brunswick (Kingsclear Group) 
southeastward through this portion of coastal Maine and has been interpreted to represent sedimentation in a foredeep 
tectonic setting (van Staal and Williams, 1988; Fyffe et al., 2011; Dokken et al., 2018). The Merrimack trough in southern 
New England has been interpreted as a southern continuation of the Fredericton trough (Wintsch et al., 2007). 
 

 The Bucksport Formation consists primarily of interbedded fine-grained biotite and calc-silicate granofels 
(metamorphosed variably calcareous siltstones). Locally abundant beds of moderately rusty weathering biotite schist are 
also present. Bed thickness varies significantly throughout the exposure, generally from about 3 to 12 cm, but locally are 
as thick as 50 cm. Multiple generations of texturally and compositionally diverse granitic rocks are present as both as 
variably deformed bed-parallel sills and as cross-cutting dikes. The timing of granitic intrusion at this exposure is variable 
with respect to the folding, and examples of pre-, syn-, and post-folding intrusions can be found. However, the stars of the 
show at this exposure are the abundant three-dimensionally exposed mesoscopic, shallow-plunging, upright folds that 
deform the metasedimentary beds and many of the granitic intrusions. Steeply dipping axial planar cleavage can be found 
in the more micaceous beds, and shallow plunging mineral lineations parallel to fold axes are common. Reference back to 
Figure 2 shows that these exposures lie in an area of pure shear in Swanson’s regionally extensive Norumbega shear zone 
system. Although there are certainly asymmetric folds and boudinage on the limbs of larger folds, overall, the folding here 
is relatively symmetrical – consistent with Swanson’s model. Exposures of similar rocks at Pemaquid Point Lighthouse 
Park, less than seven kilometers across strike to east, record a variety of structures consistent with left lateral shear (see 
Stop 1 of Swanson, 2016). Frustratingly, despite the short “crow fly distance” to Pemaquid Point, the drive to these 
exposures is an agonizingly slow 35+ mile drive up and down the peninsulas.      
 	

 
Figure 5. Google Earth image of the coastal exposures of folded Bucksport Formation at Stop 2 (Ocean Point). Note the abundance of 
light-colored granite and pegmatite intruding the darker colored metamorphic rocks. Limited parking areas are indicated in red.  
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Return to cars, proceed back up Rt. 96 to Rt. 27 north, and eventually proceed south on Rt. 1 back towards Brunswick. 
This is a 40-mile drive and under normal conditions (i.e., not summer tourist season), takes about an hour . . . 
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STOP 3: CUSHING FORMATION, INCLUDING THE WILSON COVE MEMBER, OF THE CASCO BAY 
GROUP AT LOOKOUT POINT, HARPSWELL. (a parking area is located at UTM 420124E, 4851043) 
 

 The outcrops of interest, Stop #9 of Hussey (1965, his figure reproduced below), are on the two islands just to the west 
of the boat launch and can be accessed, without getting wet, at low to mid-tide. Be aware of the tidal cycle when visiting 
as the water rises quickly during the incoming tide, and you could find yourself stranded! 
 
 The light-colored rocks on the islands are deformed and 
metamorphosed Ordovician felsic to intermediate volcanic rocks of the 
Cushing Formation (U-Pb zircon crystallization age of 465 +/- 4 Ma, 
Hussey et al., 2010). Close examination of these rocks reveals both 
relict quartz and feldspar phenocrysts, and elongated strongly 
deformed clasts that are interpreted to reflect an original pyroclastic 
origin. The dark colored rocks exposed in the open synform on the 
northern of the two islands are metamorphosed iron- and manganese-
rich rocks of the Wilson Cove member of the Cushing Formation (now 
garnet- and amphibole-rich granofels and gneiss). Small islands 
offshore to the west in Middle Bay with the names “Irony Island”, 
“Black Rock”, and “Little Iron Island” have exposures of these same 
rocks (Hussey, 1971; Hussey and West, 2018). Detailed studies of the 
Wilson Cove unit farther to the north (West et al., 2008) indicate the 
protoliths represent a mixture of hydrothermal exhalatives and peri-
Gondwanan terrigenous clastic sediment. Return to cars and drive back 
to Rt. 123 via Lookout Point Road (the only way out).  
 

 
 
Figure 8. Hand-drawn map of Hussey (1965) showing the rock types exposed at Lookout Point (Stop 3) 
 
If visiting optional Stop #4 next, proceed south on Rt. 123 for approximately 3 miles. If proceeding straight to Stop 5, 
proceed north on Rt. 123 to Mountain Road. 
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Figure 7. Cylindrical best fit, plotted using Rick 
Allmendinger and Nestor Cardozo’s Stereonet 3-D. 



STOP 4 (OPTIONAL): MESOZOIC CHRISTMAS COVE DIKE INTRUDING FOLDED GARNET PHYLLITES 
OF THE CAPE ELIZABETH FORMATION AT MITCHELL FIELD, HARPSWELL. (A parking area is located at 
UTM 418200E, 4847761N) 
 

 The outcrops of interest are located opposite the parking area along the shore approximately 75 meters to the north 
of the long jetty and are best accessible within a couple of hours of low tide. This optional stop is intended for those 
interested in Mesozoic igneous activity as it provides an exposure of one of the largest Mesozoic mafic dikes in New 
England, the Christmas Cove dike. This dike (McHone et al., 2014), up to 35 meters in width, has been mapped 
discontinuously for nearly 200 kilometers across mid-coastal Maine (e.g., see Hussey and Berry, 2000). Whole rock 
40Ar/39Ar ages from the dike indicate a crystallization age near the Triassic-Jurassic boundary (~ 200 Ma) and whole 
rock geochemistry suggests this and other large dikes in New England (e.g., Higganum dike in southern New England) 
were probably feeders to Mesozoic basin lava flows (McHone et al., 2014). Here, the Christmas Cove dike is about 3 
meters wide, dips vertically, strikes about 070o, and has a micro-porphyritic texture that includes larger crystals of 
orthopyroxene set in a finer grained matrix dominated by plagioclase, clinopyroxene and Fe-Ti oxides. 
 

 At this location, the Christmas Cove dike intrudes thinly bedded garnet-bearing phyllites and fine-grained quartz-
rich granofels of the Cape Elizabeth Formation. Close examination of these rocks reveals several meter-scale, shallow 
plunging, nearly isoclinal, upright folds. A well-developed northeast trending steeply east-dipping cleavage is oriented 
parallel to the axial planes of these folds. 
 

Return back to Rt. 123 and proceed north to Mountain Road – taking it east over to Rt. 24 south.        
 
 
STOP 5: SPRING POINT AND CAPE ELIZABETH FORMATIONS OF THE CASCO BAY GROUP AT THE 
CRIBSTONE BRIDGE, ORRS ISLAND. (a parking area is located at UTM 420541E, 4844645N)   
 

 The low dark colored outcrops immediately west of the Cribstone Bridge, best accessible at low to mid-tide, are 
garnet-bearing amphibolites of the Spring Point Formation exposed along the eastern limb of the Harpswell Sound 
syncline (Hussey, 1971). Abundant large-stretched garnets can be found in many horizons (Beane and Prior, 2002), and 
beautiful “fish-mouth boudinage” structure (Swanson, 1992) within the amphibolite is also common. Euhedral 0.5 to 1.0 
cm-scale garnet are also found in layers immediately adjacent to the stretched garnet. Low, relatively inconspicuous 
outcrops beneath the wall just to the north of this exposure are interlayered schists and quartzites of the underlying Cape 
Elizabeth Formation. The contact between the two formations is exposed here, and again on the south end of the bridge 
(east side). Extensive publicly accessible exposures of the Cape Elizabeth Formation can be found approximately 3 
kilometers to the south at the “Giant Stairs” on the east side of Bailey Island. Detailed descriptions of these outcrops can 
be found in Swanson (2016, stop 3) and West and Hussey (2016, stop 7). 
 

 The amphibolites of the Spring Point Formation are interpreted to represent metamorphosed mafic volcanic rocks 
and geochemical studies to the north indicate generation in a back-arc basin influenced by Ganderian crust (West et al., 
2004). A U-Pb zircon age of 469 ± 3 Ma (Tucker et al., 2001) obtained from felsic meta-volcanic rocks of the Spring 
Point Formation in south-central Maine overlap within analytical uncertainties with the previously reported Cushing 
Formation age (465 ± 4 Ma). Collectively these ages reflect the time of volcanism in the Casco Bay Group.  
 

 As an aside, the historic Cribstone Bridge joining Orrs and Bailey islands was constructed in the late 1920’s and is 
one of only a few of this design in the world. The granite pillars used to construct the bridge were obtained from 
quarries just north of the village of Yarmouth, Maine. 
 
Unless you plan to visit the spectacular Cape Elizabeth outcrops at Giant Steps on Bailey Island (see Swanson, 2016 
Stop 3 and/or West and Hussey, 2016 Stop 7), head back to the north on Rt. 24.   
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