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Introduction 
The Paleoproterozoic(?)-Ordovician Penobscot Bay inlier (PBI) of Penobscot Bay, 

Maine, USA (Fig. 1), archives a wealth of tectono-stratigraphic information pertinent to the 
Laurentia-bound migration of peri-Gondwanan terranes during the assembly of Pangea. This 
northeast-trending succession of rocks has clear affinities to Ganderia (e.g., Reusch et al., 2018, 
and references therein; Pollock et al., 2022). It is truncated southward by an early Silurian 
angular unconformity and intruded by widespread late Silurian–Devonian plutonic rocks of the 
Acadian Coastal Arc (Fig. 1). Northwestward, the Sennebec Pond Fault juxtaposes rocks of the 
PBI with Silurian synorogenic rocks of the Fredericton Trough (Fig. 1), which conceals the 
Silurian suture referred to as the Dog Bay-Liberty Line (Solway Line or Iapetan Suture of the 
British Isles).  

The PBI is broadly divisible into three informal tectonic units, from northwest to 
southeast (Figs. 1, 2): 1) the St. Croix terrane, 2) the fault-bounded Islesboro block containing 
the oldest dated rocks in Maine, and 3) the Ellsworth terrane. The fundamental tectonic 
relationship between these crustal fragments, which is locally obscured by later Acadian 
deformation, appears to be a mildly folded thrust that emplaces Cambrian volcanic rocks of the 
Ellsworth terrane over black rusty slate and phyllite of the St. Croix terrane (Fig. 2). The 
Islesboro block has some affinities with the western St. Croix terrane; however, it is isolated by 
an anastomosing set of younger strike-slip faults (Fig. 1), across which correlation of units has 
been challenging.  

The oldest rocks in the Islesboro block, which have been compared with Proterozoic 
strata on the West African Craton, are clearly exotic to Laurentia (Reusch et al., 2018). Cambrian 
volcanic rocks, interpreted as rift-related flows and pyroclastic deposits, and mantle peridotite of 
the Ellsworth terrane potentially reflect hyperextension during the departure of Ganderia from 
Gondwana or possibly Baltica (Schulz et al., 2008). Middle–Late Ordovician(?) emplacement of 
the Ellsworth terrane over the St. Croix terrane, which may be recorded in synorogenic rocks 
unconformably overlying the Penobscot Formation on the mainland (Benner Hill Sequence), 
points to a poorly understood phase of tectonism between Ganderia and the Penobscot arc 
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system. Late Silurian magmatism, a precursor to more widespread Devonian Acadian tectonism 
that strongly affected the region to the northwest, is attributed to the arrival of Avalonia behind a 
northwest-dipping subduction zone. 

The fundamental aim of this virtual field trip is to traverse key localities in all three of the 
aforementioned tectonic units. The information in this guide is built upon decades of both 
published and unpublished observations within the Penobscot Bay region of coastal Maine. In 
order to keep it simple and accessible, we have not provided an exhaustive list of all the relevent 
citations and maps and we have only highlighted areas that are accessible to the public. Much of 
the coastline of Maine is private property, so we encourage all users of this field trip guide to 
acquire permission to access private property. In addition, we refer interested parties to reach 
out to the authors for further information and/or to delve further into the small number of 
citations provided at the end of this field trip guide. The local geologists at the Maine Geological 
Survey are also fantastic stewards of their regional geology, so we highly encourage visiting 
geologists to reach out to them as well for additional information.  

These sites are geological treasures for all to enjoy. Please discourage the use of 
hammers, and seek approval from the Maine Geological Survey prior to collecting samples for 
research.  

 

 
Figure 1a. Regional location map. CVB, Coastal Volcanic Belt; FT, Fredericton Trough; PBI, Penobscot Bay 
Inlier.  
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Figure 1b. Schematic geological map of the western Penobscot Bay inlier (PBI), Maine, after Reusch et al. 
(2018). Cross-section lines A-A’, B-B’, and C-C’ are placed schematically and shown in Figure 2. Field trip 
stops are shown across Figures 2 and 3. 
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Figure 2. Schematic cross-section of the Penobscot Bay inlier (PBI) with individual cross-section lines shown on 
Figure 1. Field trip stop locations are shown in red numbers to provide some tectonic context for each stop. 
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ST. CROIX TERRANE OF WESTERN AND NORTHERN PENOBSCOT BAY 
 
In the St. Croix terrane of western Penobscot Bay (Tucker et al., 2001), the rocks are 

currently divided into three successions: Rockport Group, Cookson Group, and Benner Hill 
Sequence (Osberg and Berry, 2020). The Rockport and Cookson groups are generally viewed as 
Neoproterozoic–Ordovician(?) quartz-rich passive margin deposits of Ganderian affinity. The 
Neoproterozoic–Cambrian(?) Rockport Group comprises five formations (in ascending order, the 
Ogier Point Formation, Beauchamp Point Formation, Coombs Limestone, Rockport Quartzite, 
and Goose River Formation; Osberg and Berry, 2020) bounded above by a low-angle 
unconformity beneath the Cambrian–Ordovician Cookson Group. Although considered the 
oldest basement unit in the western Penobscot Bay region, the Ogier Point Formation recently 
yielded late Cambrian detrital zircon U/Pb ages (Strauss and Reusch, unpublished data), which 
highlights significant complexities in the regional stratigraphic and structural architecture.  

The overlying early Paleozoic Cookson Group comprises the Simonton Corners, 
Megunticook, and Penobscot formations (Osberg and Berry, 2020). The Simonton Corners 
Formation hosts a basal conglomeratic member that contains reworked clasts of the Rockport 
Group, highlighting a regionally significant unconformity. Around Camden, the Cambrian 
Megunticook Formation is subdivided into five members and a number of additional 
lithostratigraphic units (Osberg and Berry, 2020). The upper Cambrian–Ordovician position of 
the overlying Penobscot Formation is based upon correlation with Ordovician rocks of the Calais 
Formation in New Brunswick. Although considered conformable above the Megunticook 
Formation, this unit contains localized sheared melange along its base, as well as discontinuous 
Cambrian and Ordovician volcanic/plutonic rocks. As a result, the tectonic affinity of the 
Penobscot Formation and its simple stratigraphic interpretation may be problematic. 

The uppermost Benner Hill Sequence contains the only fossil locality within the PBI, 
which consists of intensely deformed Ordovician (Sandbian–Katian) brachiopods in the Benner 
Hill Formation. The brachiopod-bearing strata are locally overlain by immature arkosic 
sandstone of the informal Ingraham grits, which contains abundant Early Ordovician detrital 
zircon (Strauss and Reusch, unpublished data).  

 

SOUTHWESTERN PENOBSCOT BAY 
STOP 1: Rockport Harbor (44.185696, -69.074084) 

Directions: Park at the town landing in Rockport. Inspect the site of the old kilns used to make 

lime, then walk behind the information center/rest rooms to the small beach to examine outcrops 

of the Rockport Quartzite. If time permits, more complete exposures of the Rockport and 
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Cookson groups are present on the north side of Rockport Harbor (Osberg and Berry, 1991). 

Also, a roadcut on the west side of Russell Avenue near the T-intersection with Beauchamp 

Street provides an excellent exposure of the Coombs Limestone.  

The Neoproterozoic–Cambrian(?) 

Rockport Group has been correlated with a 

similar succession on Islesboro that hosts the 

oldest known rocks in Maine, possibly as old 

as Paleoproterozoic (ca. 1800-1700 Ma; 

Reusch et al. 2018). The rock used to build 

the kiln is mostly Coombs Limestone. Note 

the exquisite structural features. Behind the 

information center, the small island on the 

far side of the beach (on private property) is 

composed of the Rockport Quartzite, the 

uppermost formation of the Rockport Group. 

It is a true orthoquartzite and weathers 

slightly orange due to significant amounts of 

diagenetic pyrite. On the near side of the 

beach, small outcrops of gray quartzite 

represent the basal Simonton Corners 

Formation of the Cookson Group. The 

intervening unconformity is exposed on the 

overturned limb of a fold on the far side of the harbor. At a separate outcrop by a church in 

Rockport, basal conglomerate of the Simonton Corners Formation contains pebbles of the 

Rockport Group (Osberg and Berry, 2020).  

 

 

 

 

 

Figure 4. (Top) Small island composed of Rockport 
Quartzite just offshore beach of Stop 1. (Bottom) Carbonate 
rudstone of the Coombs Limestone at Russell Avenue in 
Rockport. 
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STOP 2: Mt. Battie (44.223350, -69.068747) 

Directions: From Rockport Harbor, drive north on Route 1 and take the Camden Hills State 

Park road to the top of Mount Battie. Note that this road requires a toll and access will be 

subject to park hours. 

Broad exposures of quartzose 

metasedimentary rocks of the 

Megunticook Formation, including the 

Battie Quartzite, are responsible for 

the substantial topography of the 

Camden Hills. These Cambrian 

mature quartzose strata are correlated 

with the lower Cookson Group near 

the US-Canada border, which are 

foundational units of Ganderia. These 

rocks are purportedly correlative with 

the Simonton Corners Formation of 

Stop 1, which unconformably overlies 

the Rockport Group.  

Mount Battie affords an 

excellent view of the region. To the 

north, Islesboro lies offshore of the 

Camden Hills. East (clockwise), Deer 

Isle lies in the foreground with Mount 

Desert Island in the background. And 

North Haven Island lies to the 

southeast with Isle au Haut in the distance.  

Between Mount Battie and Mount Megunticook, predominantly north-dipping strata of 

the lithologically diverse Megunticook Formation display a fining-up succession from quartzite-

clast conglomerate and cross-bedded quartzite into light gray schistose quartzite (Berry and 

Osberg, 2000; Osberg and Berry, 2020). Mount Megunticook is primarly composed of quartzose 

metasedimentary units of the Megunticook Formation. 

Figure 5. (Top) Cross-bedded orthoquartzite in the Megunticook 
Formation just north of Mount Battie, Camden Hills State Park. 
(Bottom) Clast-supported quartzite cobble conglomerate at the 
summit of Mount Battie. 
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NORTHERN PENOBSCOT BAY 
STOP 3: Belfast (44.433257, -69.005930) 

Directions: From Mount Battie, return to Route 1 north to Belfast. Park in the designated lot at 

the north end of the footbridge over the Passagassawakeag River. At low tide and before 

crossing the footbridge, descend west below the main automobile bridge and walk west to the 

first outcrops exposed beneath the bridge (Stop 5 of West et al. 2016). 

These outcrops of the upper Cambrian Gushee volcanic member of the Penobscot 

Formation consist of deformed and metamorphosed bimodal volcanic rocks. Geochemical 

analyses reveal an island arc signature for these rocks, and U/Pb dates on zircon indicate a late 

Cambrian age (489.8 ± 1.2 Ma; Berry et al. 2016). The island arc geochemical signal is at odds 

with these rocks being in stratigraphic continuity above continental strata of the lower Cookson 

Group and instead support a relationship where the Penobscot Formation may be in fault contact 

with the Megunticook Formation. An implication is that these volcanic rocks may represent a 

part of the Penobscot arc, linked to southeast-dipping subduction off the margin of Gondwana. 

 
Figure 6. Sheared black sulfidic schist of the Penobscot Formation adjacent to bimodal volcanic rocks of the 
Gushee Volcanic Member near Belfast. 
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STOP 4: Moose Point (44.432020, -68.942625) 

Directions: Continue north on Route 1 towards Searsport. Park in the main lot of Moose Point 

State Park and walk WSW to wave-washed outcrops exposed adjacent to the main trail (Stop 4 of 

West et al. 2016).  

The upper Cambrian–Ordovician(?) Penobscot Formation of Moose Point comprises 

interbedded medium- to thick-bedded quartzite and dark gray to green shale and slate. This 

exposure differs somewhat from the typical Penobscot Formation, which is commonly rusty-

weathering sulfidic black slate and phyllite. More than one fold generation is present in these 

units, although beds dominantly top to the northwest. Traditionally, the age of the Penobscot 

Formation is considered to be Early Ordovician based on graptolites in the correlative Calais 

Formation along the US-Canada border. Unpublished detrital zircon U/Pb ages from this outcrop 

are no younger than Cambrian.  

 
Figure 7. Interbedded brown-weathering fine- to medium-grained quartzite and green to black slate at Moose Point 
State Park. 
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ISLESBORO BLOCK 

Islesboro is renowned for hosting the oldest rocks in Maine, ever since a granitic 

pegmatite was dated by Stewart et al. (2001) at ~647 Ma. Quartzite presumably cut by this 

pegmatite contains no zircon younger than ca. 1.8 Ga, suggesting that these units (Seven 

Hundred Acre Island and Hutchins Island formations, Figs. 1, 2)  may be as old as 

Paleoproterozoic (Reusch et al., 2018). The overlying Neoproterozoic(?)–Cambrian Islesboro 

Formation, loosely defined by Smith et al. (1907), is a heterogeneous group of low-grade 

metasedimentary rocks, including quartzite, slate/phyllite, and distinctive brown-weathering 

siliceous carbonate, all of which are locally infested with greenstone. Berry and Osberg (1989) 

identified a third unit on Isleboro, named the Turtle Head Cove Formation (Reusch et al., 2018), 

which fines upward from conglomerate near its base to extensive green phyllite and local 

sandstone turbidites (e.g., Turtle Head). These units are well exposed along the northern part of 

Isleboro. The Islesboro block is structurally complex (Fig. 2), and the internal stratigraphic 

relationships are still poorly understood. 

 

STOP 5: Grindle Point (44.282100, -68.943259) 
Directions: The Islesboro Formation is well exposed on the shoreline adjacent to the ferry 

terminal landing at Grindle Point. 

The Neoproterozoic(?)–

Cambrian Islesboro Formation at 

Grindle Point consists of 

metamorphosed thinly interbedded 

siltstone/slate, fine-grained lithic 

arenite, and distinctive orange-

weathering dolostone. These units are 

polydeformed and locally intruded by 

greenstone, some of which may be 

interstratified. Outcrops from this 

Figure 8. Interbedded brown-weathering dolostone with silicified 
green metasiltstone, slate/phyllite, and lithic arenite cut by a mafic 
dike. All of these rocks are polydeformed.  
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location are described in detail by Berry (2007). Preliminary unpublished detrital zircon data 

from lithic arenite at this locality provide an early Neoproterozoic (Tonian) maximum 

depositional age (Strauss and Reusch, unpublished data). 

 
STOP 6: Hutchins Island (44.350681, -68.870797) 

Directions: From the ferry terminal of Isleboro, proceed to North Islesboro and turn right onto 

Bluff Road. Park in the area designated for visitors to Hutchins Island (protected by the 

Islesboro Islands Trust). At low tide, walk across the sand bar to the island and head towards 

outcrops on the south shore.   

Halfway along the southern shore 

of Hutchins Island, a midly folded 

quartzite unit of the informal Hutchins 

Island quartzite yielded abundant detrital 

zircon with no grains younger than 

~1800 Ma (Reusch et al. 2018). The 

easternmost point on this southern 

shoreline exposes marble and dolomitic 

marble, the latter forming boudins 

surrounded by ductile calcitic marble. 

Amphibolite carrying a prominent 

foliation is present on the southwestern point and locally intrudes these metasedimentary units. 

This Proterozoic quartzite-marble sequence bears a close resemblance to passive margin strata on 

the periphery of the West African craton, and therefore may help distinguish the origin site of 

this part of Ganderia. 

 

STOP 7: Turtle Head (44.393139, -68.880177) 

Directions: From Hutchins Island, continue north on the east side of North Islesboro past Pripet 

and turn right on the road to Turtle Head (also on land protected by the local land trust).  

Follow well-marked trails out to Turtle Head. Here, a lightly metamorphosed interbedded 

sandstone-mudstone succession displays moderately to steeply northeast-plunging and relatively 

open folds with well-developed cleavage (Gregg, 1986). Detrital zircon U/Pb age data from a 

Figure 9. Hutchins Island quartzite unit along the south shore 
of Hutchins Island, Isleboro. 
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sample believed to be at the base of this succession (presumably above the Islesboro Formation) 

yielded a typical Ganderian signature with a maximum depositional age of ca. 514 Ma (middle 

Cambrian; Reusch et al. 2018).  

 
Figure 10. NE-plunging open folds of the Turtle Head Cove Formation at Turtle Head, northern Isleboro. 
 
 
 

THE ELLSWORTH TERRANE OF EASTERN PENOBSCOT BAY 
 
The Ellsworth terrane, which is well-exposed in eastern Penobscot Bay (Stewart, 1998), 

bears significantly on the tectonic evolution of both margins of the early Paleozoic Iapetus 
Ocean. Early–middle Cambrian marine bimodal volcanic rocks, which host volcanogenic 
massive sulfide (VMS) deposits and serpentinized peridotites, structurally overlie Ordovician(?) 
black slates/phyllites and Cambrian quartzites of the St. Croix terrane (Figs. 1, 2). The Cambrian 
dominantly volcanic rocks, which include the Castine Volcanics, Ellsworth Schist, and North 
Haven Greenstone, are heterogeneously deformed and metamorphosed up to lower amphibolite 
grade. Both the Ellsworth and St. Croix terranes are truncated by lower Silurian sedimentary 
rocks and upper Silurian plutonic rocks, which implies the terranes were joined prior to the early 
Silurian. 
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CASTINE TO DEER ISLE 

STOP 8: Harborside (44.351891, -68.809576) 

Directions: Take Route 176 to Harborside on Cape Rosier. The tailings pile from the Callahan 

Mine is clearly visible from a distance. Entering from the west, park immediately after driving by 

the last house. Take great care in descending the dangerously steep bank to the water’s edge, 

being careful not to send loose boulders flying onto others.  

Spectacular volcanogenic massive 

sulfide (VMS) is exposed on the walls of 

the Callahan Mine open pit. These 

deposits hypothetically formed at a 

hydrothermal vent (“black smoker”) 

where hot solutions charged with sulfide 

and metal ions leached from the volcanic 

substrate precipitated sulfide minerals 

upon interaction with seawater. Note the 

meter-wide band of massive sulfide 

composed of a mixture of yellow 

chalcopyrite (copper-iron sulfide) and purple sphalerite (zinc sulfide). The hydrothermal system 

appears to have been centered around a nearby rhyolite dome. Operations at the Callahan Mine 

ceased in the early 1970s. 

 

STOP 9: Little Deer Isle (44.283876, -68.701621) 

Directions: Drive to Little Deer Isle. Turn left (west) onto Eggemoggin Road for ~0.1 mile. Take 

first left (south) to small parking area on right and follow the obvious path to the quarry. 

Serpentinite of Little Deer Isle may be a small intrusion related to a very low degree of 

partial melting. Such an origin is perhaps consistent with the hyperextended margin setting 

envisioned for nearby serpentinite of Deer Isle (Stop 10). 

Figure 11. Massive chalcopyrite-sphalerite deposit, Callahan Mine, 
Harborside. 
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In this outcrop, the primary 

(pre-serpentinization) mineralogy 

is olivine and ~20 % titaniferous 

augite. This composition resembles 

that of dated alkaline dikes in the 

region, which is why Stewart 

(1998) originally assigned these a 

Jurassic age. Indeed, neither the 

composition nor texture resembles 

that of the larger serpentinite body on Deer Isle, perhaps suggesting that the two are unrelated. 

However, alkaline plugs are expected in an Iberian margin setting where they would originate as 

a consequence of an extremely low degree of partial melting of the upper mantle.  

 

STOP 10: Deer Isle (44.257154, -68.640074) 

Directions: Drive towards Deer Isle. A mile south of the causeway, turn left (east) onto Reach 

Road. Park at Fire Road 831 (<2 miles). Follow dirt road south ~300 m to good exposures at 

southwest end of clearing. Additional outcrops are present at the private boat yard on the far 

side of the ridge. 

Serpentinite of Deer Isle has largely been viewed as a fault-bounded slice of upper mantle 

rather than an intrusion. Two protoliths are recognized: 1) harzburgite, containing relict 

orthopyroxenes, and 2) smooth-weathering dunite. The interpretation of these rocks as a slice of 

mantle is based on the following:  

1) In the harzburgite, orthopyroxenes display a fabric similar to that present in the upper mantle 

of ophiolites (e.g., Thetford Mines, Quebec; Bay of Islands, Newfoundland; and Oman) and in 

cores from the modern seafloor (Pearce, 2002), where elongate pyroxenes indicate that they were 

pulled apart. Experimental petrologists have shown that this fabric forms under conditions 

representative of the mantle.  

2) A dominantly harzburgite and lesser dunite composition, which is uniform across the mapped 

exposure, is characteristic of depleted upper mantle. 

Figure 12. Quarry outcrop of massive serpentinite. 
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3) Both the map pattern of dunite and harzburgite and 

the diffuse nature of dunite-harzburgite contacts are 

similar to those present in mantle sections of ophiolite 

in Newfoundland and Quebec and in deep-sea cores, 

where the dunite layers could represent reaction zones 

around melt channels (Pearce, 2002). According to 

Pearce (2002), the associated melt may have ascended 

through the mantle at shallow pressures and therefore 

has the capability to dissolve pyroxenes and 

precipitate olivine, converting harzburgite into dunite. 

4) The contacts are tectonic. The northwest contact 

along Eggemoggin Reach is not exposed, but the 

serpentinite becomes increasingly sheared towards this 

contact. Inland, at the one known exposure of the contact, the adjacent rock is a strongly foliated 

fine-grained mafic rock presumed to be mylonite.  

5) Nearby rocks in Thompson Cove include foliated gabbro, mafic pillow breccia, and minor 

felsic volcanic rock that are characteristic of an ophiolite assemblage. 

6) Cumulate layers are absent regionally, as is any evidence for an intrusive relationship, such as 

dikes, zenoliths, chilled margins, or contact aureoles. 

 

ELLSWORTH – MOUNT DESERT ISLAND 

STOP 11: Morgan Bay (44.456050, -68.481160) 

Directions: From Surry, drive to the head of Morgan Bay (west of Newbury Neck) and park at 

the land trust parking lot.  

Outcrops at the head of Morgan Bay are composed of the Morgan Bay member of the 

Ellsworth Schist (Reusch, 2003). This member is dominated by quartzose and pelitic lithologies, 

whereas southeastward the Ellsworth is characterized by mica-chlorite schist with a 

volcanogenic protolith. For example, on the east side of Union River Bay, excellent coastal 

exposures of bimodal schistose tuffs display textbook northwest-vergent isoclinal folds. 

The bimodal character of volcanic rocks in the Ellsworth terrane is consistent with a rift-

related origin (Schulz et al., 2008), and the asymmetric, tight isoclinal folds are representative of 

Figure 13. (Top) Serpentinized and tectonized 
harzburgite, Deer Isle. (Bottom) Cut slab of the 
same outcrop. 
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extensive northwest-vergent deformation. This top-to-NW fabric may be critical to 

distinguishing between tectonic models for juxtaposing the Penobscot arc system and passive 

margin elements of Ganderia (e.g., Pollock et al., 2022). 

 
Figure 14. Asymmetric shear fabric indicating top-to-northwest (left) kinematics in the Ellsworth Schist at Union 
River Bay. 

 

STOP 12: Lamoine State Park (44.451195, -68.298778) 

Directions: The Lamoine Granite 

crops out east of the boat ramp, and 

bimodal volcanic rocks in shoreline 

exposures below the camp sites.   

The bimodal character of 

igneous rocks in the Ellsworth Schist, 

evidence for Cambrian regional 

extension, is well-displayed in the 

shoreline outcrops below the camp 

sites (Reusch, 2003). East of the boat 

landing is a foliated granitic sill, 

which was recently dated by U/Pb 

Figure 15. Northwest-vergent isoclinally folded bimodal tuff along 
the east shore of Union River Bay. Similar outcrops occur along the 
shore below the campsites at Lamoine State Park. Compass points 
north. 
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zircon geochronology at ca. 492 Ma (Pollock et al., 2022). These rocks are on the southern 

south-dipping limb of a late open antiform that extends from Union River Bay to the Hancock 

Peninsula. Early structures on both limbs of this antiform indicate top-to-NW sense of shear.  

 

 

SILURIAN COVER ON THE PENOBSCOT BAY INLIER 

The last two stops are in Silurian cover of the PBI. Stop 14 inspects the basal sedimentary 

unit that caps the unconformity/nonconformity and Stop 15 highlights the overlying volcanic 

rocks of the Acadian Coastal Arc, which is considered to have formed above a NW-dipping slab 

that delivered Avalonia to Laurentia’s composite margin.  

 

STOP 13: Bar Harbor (44.390967, -68.202392) 

Directions: Walk to the green adjacent to the harbor/docks and continue east on the walkway. 

The Bar Harbor Formation 

is a pre-Late Silurian siliclastic unit 

deposited on a regional 

unconformity that overlaps the St. 

Croix and Ellsworth terranes 

(Gates, 1989). It passes upward into 

volcaniclastic units related to the 

Cadillac caldera complex. At 

Flanders Bay, located on the east 

side of Frenchman Bay, the basal 

conglomerate of the Bar Harbor 

Formation rests on Flanders Bay 

Greenstone. Clasts in the polymict 

conglomerate consist of felsic volcanic rocks and rounded quartz pebbles. Elsewhere (Oak Bay, 

New Brunswick, and North Haven Island, Maine), rare clasts of St. Croix lithologies indicate 

that the Ellsworth and St. Croix terranes were juxtaposted before deposition of this early Silurian 

overlap assemblage. 

 

Figure 16. Basal Silurian conglomerate of the Ames Knob Formation 
on North Haven Island. This is very similar to the Bar Harbor 
Formation; note the foliated black phyllite clast at the center of the 
photo. 
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STOP 14: Seawall and Cranberry Isles (44.238623, -68.301628) 

Directions: Walk across Little Cranberry Island to the lighthouse at the eastern point, then north 

along the eastern shore. On Great Cranberry Island, this unit crops out extensively on the 

western shore (Seaman, 2000). Alternatively, this rock is adequately exposed at Seawall between 

the National Park campground and the Seawall.  

This stop displays spectacular 

examples of Silurian pyroclastic rocks. Here, 

a thick succession of felsic fragmental rocks 

documents explosive pyroclastic volcanism, 

most likely in a caldera setting. Wave-washed 

outcrops expose a south-dipping section of 

thick-bedded ash flow tuff and volcanic 

breccia. Primary volcanic features, which are 

exceptionally well preserved, include large 

>1 m volcanic blocks, pumice, fiamme 

(pumice flattened due to compaction), and 

dikes. U/Pb dating of zircon from this unit indicates a late Silurian age (424±1 Ma; Seaman et 

al., 1995), similar to co-magmatic intrusive rocks on Mount Desert Island.  

The Coastal Arc, which extends from Newburyport, Massachusetts, through coastal 

Maine and New Brunswick, to the south coast of Newfoundland, has been related to subduction 

of the Gondwanan plate beneath the Appalachian margin of Laurentia followed by a transition to 

continental extension (Piñán-Llamas and Hepburn, 2013). A recent suggestion (Kuiper, 2016) 

invokes ridge subduction to account for the large volume of bimodal magmatism.  
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