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A SYNOPSIS OF THE GEOLOGIC STORY OF MOUNT DESERT ISLAND (MDI)  

 By Duane and Ruth Braun 

MDI is on the edge of the Gander terrane, a New Zealand-sized slice of continental crust that split off of the southern 
continent of Gondwana about 550 million years ago (mya).  Sediment deposited in the obliquely opening rift was 
metamorphosed as compression occurred locally to form the Ellsworth Schist, found on the north and west side of MDI 
(geologic map next page).  Gander traveled north to collide with Laurentia, the name for the geologically old core of 
North America, to form what is now Maine at about 440 mya.  Along the way sediments were deposited on the trailing 
edge of Gander, the Bar Harbor Formation on the east side of MDI (geologic map next page).  Following behind Gander 
was the Avalon terrane.  Avalon collided with Gander starting at about 420 mya.  At that time a line of volcanos formed 
along the collision zone that today is the coast of downeast Maine.   

MDI was one of those volcanos, undergoing a series of magma intrusions and violent eruptions for several million years 
centered around 420 mya.  These intrusions form most of MDI, all of the larger granite and gabbro masses on the MDI 
geologic map (Figure 1, MDI bedrock map).  The Cadillac Mountain granite was the largest intrusion and underlies the 
northeast-southwest trending mountain range on MDI (well illustrated on the LiDAR image on Figure 2).  MDI is a prime 
example of “bimodal volcanism”, the alternating intrusions and extrusions of very hot, fluid basaltic magma and less 
hot, less fluid granitic magma.  Especially violent eruptions occurred when basalt magma was injected into still molten 
granite magma.  Such violent eruptions formed a caldera 10 miles in diameter that occupied most of what is now MDI.  
The rim of the caldera is marked by the arcuate shatter zone of blocks of country rock in the granite (Figure 1) and as 
a wedge shaped mass on the schematic cross-section (Figure 3).  That caldera was one-fourth the size of today’s 
Yellowstone caldera in Wyoming and one-half the size of today’s Long Valley caldera in California.  Some would call 
MDI a “super volcano,” like today’s Yellowstone or Long Valley volcanos. 

Once MDI’s volcano stopped erupting, collision of the Meguma terrane at around 360 mya probably uplifted the area 
and produced the smaller granite intrusions around the periphery of the 420 mya caldera.  Finally Gondwana collided 
with North America starting around 300 mya and would uplift and tilt MDI as part of the Appalachian Mountain chain.  
These later mountain building events would greatly fracture the now cold rigid rock of MDI’s volcano.  The MDI 
landscape today is dominated by linear valleys carved out of northwest trending fracture zones (Figure 2).  From when 
the volcano became extinct at around 420 mya to just a million years or so ago, streams would deeply erode the 
uplifted volcano.  During that 400 million year or so period of erosion, three kilometers (two miles) of rock would be 
carved away from MDI.  The volcanic form would be entirely removed with only remnants of volcanic ash and lava 
flows preserved on it’s down tilted and down faulted southeast side, the Cranberry Islands.  Standing on MDI today, 
one is three kilometers (two miles) down in what was the center of the magma chamber of the volcano (Figure 3). 

Over the last million years or so continental glaciers as much as 5000 feet thick have flowed over MDI several times 
and have sculpted the landscape into its present form.  An originally gentle V-shaped ridge and ravine landscape has 
been scoured and smoothed by the glaciers.  Ridge crests have been rounded and valleys deepened into U-shape 
troughs.  Today on MDI one is looking at a glacially sculpted landscape of rounded, streamlined peaks separated by 
elongate lakes in the glacial troughs.  Off shore one sees rounded islands separated by glacial troughs flooded by the 
ocean, the downeast Maine coast. 
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Figure 1. Bedrock geologic map of MDI (Braun and Braun, 2016, frontpiece) 
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Figure 2.  LiDAR image showing the northwest lineaments and larger moraines on MDI.  Field trips stops are labeled. 
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Figure 3.  Schematic cross-section of MDI today emphasizing the amount of rock that has been removed since it 
was an active caldera at about 420 Ma.  Black unit = initial gabbro dikes and sills, Swg = Southwest Harbor 

granite, Civ = Cranberry Island volcanic layers, CMg = Cadillac Mountain granite, Lg = layered gabbro, sz = shatter 
zone, Sg = Somesville granite (Braun and Braun, Figure 2-12). 

  

SZ 
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Previous work on the Quaternary geology of MDI by Duane Braun 

Louis Agassiz, 1807-1873, published “Etudes sur les Glaciers” in 1840.  The book set out to combat rival flood and 
iceberg theories for erratics, other loose drift, and carving striations on the bedrock.  He visited MDI in 1864 but 
didn’t publish about it until 1867 in his “Glacial Phenomena in Maine”.  He noted that “The erratics are in distinct 
zones, not scattered randomly as one would expect if water had covered an area. The erratic zones face the openings 
of the great Alpine valleys, just where they would be if glaciers had emerged from them.”  He also measured a 
number of striation sites, showing that the glacier flowed in a generally southeast direction across the island. 

He noted that “In order to advance across a hilly country and over mountainous ridges rising to a height of twelve 
and fifteen hundred feet in the southern part of the State, and to a much higher level in its northern portion, the ice 
must have been several times thicker than the height of the inequalities over which it passed; otherwise it would 
have become encased between these elevations, which would have acted as walls to enclose it. We are therefore 
justified in supposing that the ice-fields, when they poured from the north over New England to the sea, had a 
thickness of at least five or six thousand feet.”  A bit further on he visualized that “The aspect of the coast of New 
England must then have been very similar to that of Greenland in its colder portions”.  Mount Desert itself must have 
been a miniature Spitzbergen, and colossal icebergs floated off from Somes Sound into the Atlantic Ocean, as they do 
now-a-days from Magdelena Bay.” 

Agassiz’s only significant error was that he envisioned that after the continental glacier retreated, small valley glaciers 
were left that built small moraines at the mouths of the valleys like where side valleys entered Somes Sound.  There 
are many small moraines on MDI but they outline the northeast-southwest trending edge of the retreating ice sheet, 
not valley glaciers in individual valleys. 

John De Laski, an amateur geologist living on Vinalhaven Island in Penobscot Bay, independently made similar 
observations around Penobscot Bay and MDI in the 1850’s -1860’s.  In the early 1860’s he gave talks and had some 
material published (Delaski, 1864) where he argued against the iceberg theory.  He noted “But on attentively 
examining the scratched rocks of the vicinity of Penobscot Bay, I could not reconcile the iceberg doctrine with the 
facts connected with these scratches---”.  With regard to erratic boulders in the region, he stated that “Standing amid 
these vast ruins, it is apparent that only the irresistible grasp of a glacier could have broken them off and carried 
them far away toward the south.”  In 1869 DeLaski wrote a 400 page book on his observation (in Borns and Maasch, 
2015) and argued a glacier 5000 ft thick terminated from southern New England westward to the Missouri River. 

Nathaniel Shaler, 1841-1906, published an article in 1874 entitled “Recent changes of level on the coast of Maine”.  
He noted that “there are marks of marine action on the mountains of Mt. Desert indicating that the sea since the 
close of the last glacial period has stood at various heights above the present level”.  In 1889 he published the 74 
page long “The Geology of the Island of Mount Desert, Maine” covering both the surficial and bedrock geology of the 
island.  He had a short section on the glacial sculpture of MDI, a much longer section on various sea levels, and a long 
section on the bedrock geology.   

His “Superficial Deposit” map on the next page (Figure 5) 
emphasized the scarcity of sandy glacial drift in the uplands 
and the prevalence of clay in the valleys below an elevation 
of 60 meters (200 ft).  He noted that the “Blue clay” 
deposits were “obscurely bedded and contained pebbles of 
glacial origin”.  A generalized cross-section diagram (Figure 
4) illustrated that the clays were typically on top of till and 
under sand & gravel that was “wave-wash” from the falling 
sea level as land rebounded.  He observed that in contrast 
to the mainland, there were few hummocky deposits of 
pebbly “kame drift” on the island.  He thought such deposits 
were mostly buried by other gravels washed off the hills by 
the subsiding sea. 
 
Figure 4 Schematic cross-section of the glacial sediments 
(Shaler, 1889, fig.24, p.999)  

Stratified clays  

Till 

Recent drift 
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The Quaternary Deposits map was not significantly improved until reconnaissance mapping of MDI was published in 
1974 by Hal Bornes.  

Figure 5.   Shaler 1889, 1:100,000 

scale map of Quaternary Deposits 

of Mount Desert Island Maine 

Map Legend 

Solid brown –  > ½  bare rock 

Brown dots –  ½ to ¼ bare rock 

Uncolored – 1/8
th

 or less bare rock 

Dark green – Blue clay – no pebbles 

Striations – red arrows with red numbers 
(barely visible at this reduced scale of the map 
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Shaler measured striations at a number of sites and are marked as 
tiny red numbers on his map (Figure 5, previous page).  He concluded 
that the general southeast glacial flow diverged around the north 
side of the island and converged again around the south side of the 
island.  He also noted that there was similar north divergence and 
south convergence around individual mountains on the island.  He 
emphasized that ice flow convergence into the valleys through the 
central northeast-southwest mountain range caused the deep scour 
of those valleys into glacial troughs containing lakes today (Figure 6).  
He recognized that the troughs were rock basins that were the 
deepest where the valleys were narrowest in the middle of the 
mountain range.  From this he concluded that the ice flow 
accelerated as it converged on the narrowest part of the valley and 
thereby maximized glacial scour there. 

 

Figure 6. Ice flow convergence. 

Shaler’s primary interest was the rebound of the depressed land surface after the glacial retreated north of the 
island.  He closely studied the erosional features along the present shoreline and thought he saw similar wave eroded 
features up to the highest summits on the Island.  He came up with three types of erosional features that marked 
elevated shorelines on the island.  The first was the carving of benches or “scarfs” into the bedrock and the second 
was the “washing away of the superficial material“.  Both of these features were evident “to the mountain summits”.  
A third erosional feature was “Chasms”, narrow linear slots carved by waves, that are mostly below an elevation of 
300 ft.  Of course, the problem with these lines of erosional evidence is that other erosion processes can also carve 
such features, they are not unique to wave erosion.  He did have depositional evidence, the accumulation of material 
(pebble beaches) as benches or terraces in re-entrant angles (coves), mostly below an elevation of 300 ft. and the 
accumulation of blue clay in valleys, mostly below an elevation of 200 ft. 

Using these lines of evidence Shaler came up with twelve progressively higher shoreline benches, the highest on 
Green Mountain (Cadillac Mtn.) at 1460 – 1480 ft.  His conclusions regarding subsidence and uplift are:  (1) Area 
depressed “--certainly to the height of 1,300 feet.” Probably to “highest peak at 1,527 feet.”  (2) Up-rise “– by a 
succession of uplifts and pauses.”  (3) Uplifts so sudden that drift not all eroded.  (4) Sea level rise paused long 
enough to cut benches.  (5) Pauses longer, lower down since benches are more evident there.  (6) Stratified sands 
and fossil-bearing clays show sea level up to 340 feet. 

Shaler thought that the asymmetric mountains 
on MDI, like Robinson Mtn. (Acadia) (Figure 7), 
were formed by a combination of glacial 
erosion and wave erosion on their steepened 
south slopes.  

Shaler was “unable to determine whether or 
not the present sea shore marks the lowest 
level which the sea has occupied since the 
glacial period.” 

 

 

Figure 7.  Asymmetric Acadia Mountain, view 
to east from Carter Nubble, Echo Lake in 
foreground, Norembega Mountain in 
background. 

  

Shaler, 1889, p. 1008 

Shaler, p.1008, Plate LXX 
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Shaler noted that one of the best developed benches 
was his 3rd bench at 220-240 ft.  At that elevation 
there were cobble beaches in reentrants all along the 
southern part of MDI.  Also there were erosional 
features like Pulpit or Chimney Rock on the east flank 
of Cox’s Hill (Day Mountain) (Figure 8).  Today this 
elevation is considered the highest level shoreline on 
MDI and that elevation matches the elevation 
indicated by the elevation determined from a marine 
delta on MDI and deltas in the surrounding region 
(refer to section on Sea Level Changes). 

 

 

 

 

 

 

Figure 8.  Sketch of the Pulpit or Chimney Rock as it 
was in 1889.  The rock at the top was tipped off by 
vandals in the early 20th century and its “nose” to the 
right broken off.  The rock was placed back on top in 
the 1930’s. 

 

William Morris Davis in 1894 wrote an “Outline of the Geology of Mount Desert Island” where he applied his 
Peneplain theory to the development of the landscape prior to glaciation.  With regard to glaciation he noted as 
others before him had that “The strife (striations) trend to the east of south, sometimes deflected to one side or the 
other by the uneven form of the hills and mountains, but generally persisting rather regularly in their course” (p. 64).  
He envisioned the glacier “advancing beyond the present coast line, and terminating in an ice wall in the sea, yielding 
innumerable icebergs to float for a time southward in the cold 'long-shore’ current” (p. 64). 

With regard to the amount of glacial erosion Davis thought that “Valleys were deepened and hills were degraded; but 
by comparing regions inside and outside of the glaciated area, it is plain that as a rule no great erosion of hard rocks 
must be attributed to glacial action (p.66).”  “Instead of a mountain ridge as continuous as the granite of the central 
belt, we have a beautifully diversified succession of rounded domes, separated by deep gorges – (p. 66)”.  With 
regard to the post glacial drainage pattern, “-- we find the drainage of the Island peculiarly embarrassed since the 
disappearance of the ice” (p.67).  “-- The occurrence of the lakes and of the reversed or northward drainage --” can 
be “-- regarded as independent indications of ice action, even in the absence of other evidence” (p. 68).  

“A depression of much more than three hundred feet has been inferred by Professor Shaler, but if it amounted to as 
great a measure as he concludes it must have been of brief duration, as its records are indistinct” (p.69-70).  “At the 
present time the land has but partially recovered from the late glacial submergence” (p. 70).  

Florence Bascom in 1919 published a concise article on “The Geology of Mount Desert Island” that was revised with 
added photographs in 1923.  With regard to the Quaternary history she mostly paraphrased Shaler with some added 
observations and interpretations of her own.  She talked about Shaler’s lower five sea level benches going up to 96 m 
(340 ft) and noted that higher ones “-- do not, however, carry with them convincing evidence of such origin and can 
be as easily accounted for by the action of subaerial agents” (p.10).  At the 70 m (230 ft) level, like Shaler, she 
thought that "chimney rock" on the east side of Day Mountain was probably a sea stack detached by wave action.  
But she cautioned that nature can produce very similar phenomena in very different ways but here it appears to be 
marine.   

Shaler, p. 1020, Plate LXXIV 
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She was the first to specifically mention the sea cave or alcove in Cadillac Cliff at the base of Gorham Mountain at 
what was thought to be the 270 to 290 feet elevation.  She noted that “Well within the sea cave at the base of 
Cadillac Cliffs are spherical boulders of granite which look as if they had been wedged into their present position 
between joints in the granite by wave action. This, however, does not appear to have been their history. 
Disintegration, in place, of massive jointed rock will produce spherical boulders and this is the explanation of these 
boulders which are even yet not completely separated from the parent rock” (p.10). 

She did note that “emergence ceased long ago and that submergence involving Mount Desert has begun and is still 
going on.” (P.13). 

Douglas Johnson in 1925 wrote a book on the New England-Acadian shoreline and used MDI as one of his example 
areas.  With regard to MDI, he stated that “The doubt as to the marine origin of the cliffs rests on the failure to find 
them clearly aligned at any definite level or levels ; on the general absence of notches, caves, and other evidences of 
wave action ; and on the abundance of similar forms above the usually accepted limits of marine submergence.”  He 
used a number of MDI examples like Otter Cliff and the Porcupine Islands to argue that all the present “sea cliffs” 
have only been slightly cut back and steepened since glaciation.  They were there prior to wave attack.  In places 
there are glacial striations remaining on their faces.  He emphasized that sea levels higher than present were very 
temporary and changes in level were rapid. 

Erwin Raisz, 1893 – 1968, was best known for his physiographic maps.  In 1929 he published an article based on his 
Ph.D. work entitled the “Scenery of Mt. Desert Island: its origin and development”.  He mostly paraphrased Shaler 
and Davis and added newer information from areas outside of MDI that had bearing on the MDI geologic history.   

He drew a series of block diagrams illustrating the glacier advancing across and retreating back from MDI.  In general 
the glacier was drawn to be quite thin particularly upon retreat with almost no slope to the ice surface.  The diagram 
showing the ice front retreating to MDI shows an ice cliff in the bays with no ice surface slope leading to the cliff and 
hills well north of MDI already projecting through the “thin-flat” glacier.  He measured striation directions and drew a 
map showing the general southeast ice flow direction, with subtle divergence of the ice flow around MDI. 

He had some discussion of the glacial deposits on MDI and 
drew a cross-section sketch of an outcrop in the Whales 
Back area north of the head of Somes Sound (Figure 9).  
He described the material as fluvio-glacial or glacial 
meltwater deposits.  This area is below 200 feet in 
elevation so the materials must have been deposited on 
the sea floor.  These materials are better described as 
glacio-marine sediments deposited on the sea floor at the 
edge of the glacier with the lower material deformed by 
ice push.  The “black peat + gravel” noted near the base of 
the section is probably not organic but rather iron and  
manganese oxide stained gravel like the black stained 
gravel higher in the section.  He probably observed a pit 
dug into one of the numerous grounding line or push 
moraines found on MDI. 

 

 

Figure 9.  Schematic cross-section of glacial sediments. 

With regard to sea levels higher than present, Raisz followed Johnson, his advisor.  He concluded that the maximum 
sea level was probably at 220 feet, with a range of 200 – 240 feet depending on type of evidence considered – 
deposits versus erosion features.  Raisz argued that the Chimney Rock pillar at the base of Day Mountain was not a 
sea stack from wave attack but slid out from the cliff by frost action and gravity (as first suggested by Johnson).  
Tilted rock was “knocked off by local children so it must have been easily moved”.  He thought it was rotated (tilted 
around) by snow pressure from above.  

Raisz, fig. 28, p. 156 
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Figure 10.  Contoured marine delta elevations, elevation in feet (Leavitt and Perkins, 1935, fig.36). 

E. H. Perkins in the 1920’s agreed with Shaler’s mountain top sea levels but had not yet done much field work.  In the 
1935 Glacial Geology of Maine volume he and Leavitt used elevations mostly from glaciomarine delta deposit tops to 
determine the elevation of maximum sea level across Maine (fig. 28).  The 250 ft elevation line (isobase line) is just 
north of MDI.  Since Perkins there has been continued discussion of sea levels higher than those marked by the ice 
contact deltas.  Smith, 1966, thought that the upper marine limit was at 80.8 m (265 ft), marked by a distinct boulder 
beach on the east side of Day Mountain.  The elevation of that beach has been more carefully by Rubin (1991, noted 
below) to be at 74.7 m (245 ft).  Smith also noted a maximum elevation of 54.9 m (180 ft) for marine silt and clay 
deposits.  He noted that the Cadillac Cliff sea cave contained erratic clasts and argued that it was partially a product 
of preglacial mechanical erosion. 

George Halcott Chadwick in the 1930’s and 1940’s was a regional geologist for National Park Service and worked 
extensively in Acadia National Park.  Most of his published work deal with the bedrock geology of MDI (Chadwick, 
1944).  Chadwick published only a few paragraphs on the glacial geology of MDI and he produced no maps of glacial 
deposits or diagrams of glacial features.  He emphasized in his published work that Somes Sound was not a true fjord 
and he proposed that it be called a “Dorr” in honor of George B. Dorr, the person primarily responsible for the 
creation of Acadia National Park.  He thought that 240 feet was the most reasonable highest sea level on MDI but 
due to regional tilt sea level could have been closer to 300 ft to the north side of the island.  Chadwick worked on his 
never published 1802 page long “Compendium of MDI Geology” for most of two decades from the late 1930’s to his 
death in 1953. In that compendium he had 200+ pages of discussion on glacial geology.  Most of the text on the 
glacial geology is a compilation and discussion of every possible obscure reference to MDI glacial geology and sea 
level change.  Little of the text on the glacial geology talks about specific sites on MDI though Braun has still not fully 
digested that text at Park archives.  There were 200+ pages of field notes that in places, describe glacial deposits but 
the field map that locates the sites has been lost. 

Carleton Chapman wrote two Geologic guides to MDI and Acadia National Park intended to be used by Park visitors.  
The first 52 page long guidebook was published in 1962 and a second 128 page long guidebook was published in 
1970.  Chapman was a “bedrock man”, he used others’ work for the “Sculpturing of the Land Forms” section of his 
guidebooks.  The two page “Work of the Glacier“ section was the same in both guidebook editions and generalized 
and simplified discussion of the glaciation of MDI.  For instance he noted that “Roughly 20,000 years ago the ice front 
reached the Maine coastal region ---”.  “It cut deep U-shaped troughs through the “Mount Desert Range”.  No 
mention was made of sea levels higher than present. 
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Harold W. (Hal) Borns, Jr., in 1974 published the: 62,500 scale reconnaissance Surfical Geology Map of MDI (Figure 
11).  It was the first surficial map since Shaler 1889. For the first time moraine ridges were starting to be mapped on 
MDI (line with triangles pointed to south in the southern part of the map). 

 

Figure 11.  A portion of the reconnaissance Surficial Geology Map of MDI.  Qp = marine, Qt = 
till, Horizontal lines = bedrock - <10 ft surficial material (Borns, 1974). 

In 1988 the Maine Geologic Survey (MGS) published “The Geology of Mount Desert Island: A Visitor’s Guide to the 
Geology of Acadia National Park by Gilman, R. A., Chapman, C. A., Lowell. T. V., and Borns, H. W., Jr.  Lowell and 
Borns mapped the glacial deposits of MDI at a scale of 1:50,000 for the 1988 Guidebook, initially published in 1985 as 
a MGS open file map.  A reduced scale image of the 1988 map is given below (Figure 12). 

The Lowell and Borns map was accompanied by a 47 page text on the glacial and recent geology of MDI.  For the first 
time numerical C14 dates were used in the discussion of the glaciation of MDI.  There was one specific MDI date of 
12,250 C14  years from marine shells in the marine mud (Presumpscot Fm.) deposited during glacial recession.  They 
used the 70 m (230 ft) elevation as the highest sea level during glacial recession from MDI.  In their summary of the 
glacial history they had a time sequence of five diagrams illustrating the recession of the glacier that was focused on 
the Jordan Pond moraine and associated glaciomarine delta (their Fig. 27, p. 41).  Those diagrams continue to be 
quite useful in explaining the deglaciation of MDI to visitors to the Park.  The only changes have been converting the 
C14  years to calibrated calendar years and making the lower level delta surface (their unit Wgd2) fed by meltwater 
from the northeast, into a wave cut bench cut into the upper delta surface. 
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 Figure 12.  Surficial Geology of MDI (Lowell and Borns, 1988). 

Thomas Lowell was from Lincoln ME and in 1980 earned a MS in Pleistocene geology from the University of Maine.  
The 1:50,000 scale MDI surficial map was a side product of his Master’s thesis work.  Lowell was primarily concerned 
with the question of whether or not the Late Wisconsinan glacier (Last Glacial maximum or LGM often the short-hand 
used today) had advanced into the Gulf of Maine.  MDI was one of the two areas he used to show that there was 
evidence that the LGM ice did actively stream into the Gulf of Maine.  He mapped the eastern part of MDI in more 
detail and interpreted the glaciological conditions that formed the deposits.   

Lowell, 1989, published an article entitled the “Late Wisconsinan Glacial Geology of the Eastern Portion of Mount 
Desert Island”, the MDI portion of his Master’s thesis.  From both erosional and depositional features he concluded 
that the late Wisconsinan ice sheet had overrun the Island and extended well into the Gulf of Maine.  From the map 
distribution and sedimentological character of depositional features on MDI he inferred basal ice melting and 
deposition below the 90 m (295 ft) elevation.  From the distribution and morphology of erosional features on MDI, he 
inferred basal ice melting, refreezing, and subglacial meltwater erosion above the 90 m (295 ft) elevation.  For the 
first time on MDI, detailed analysis of the till clast provenance and fabric was done (Figure 13).  That analysis 
supported a subglacial origin for the till, with active entrainment and deposition.  Fabrics transverse to ice flow in the 
center of the Otter Creek valley (Figure 13, sites 1-3) and fabric parallel to ice flow in southern part of the valley 
(Figure 13,site 4) suggest a change from ice flow compressive conditions to extensional conditions as the valley 
widened.  Also in 1989 Lowell did the Surficial Geology of the Southwest Harbor 7.5’ quadrangle (published in 2000). 
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Figure 13.  Locations of till fabrics (TF) and trenches.  Circle on rose diagrams represents 10% 
of count (n=50).  Heavy lines are profiles were used in the discussion of the glacial erosion. 

Lowell, 1991, used the topography and moraines on MDI to calculate iceberg-calving rates and ice-sheet mass 
balance for the region.  An empirical relation between iceberg-calving rate and water depth (27 to 1) derived from 
present Alaskan tidewater glaciers was applied to MDI when the glacier was retreating across the island as a 
tidewater glacier.  MDI water depth was calculated using a high stand sea level of 75 m (246 ft).  He suggested that 
the highest stand could have been as high as 90 m (295 ft) and noted he considered the prominent shoreline at 65 m 
(213 ft) to be a recessional feature (the elevations noted on Figure 14A below).  That water depth produces calving 
rates of 650 to 2100 m/yr for various places on MDI.   

Moraines on MDI (Figure 14B) marked times when the glacial terminus was stationary and when ice-calving flux was 
equal to ice-discharge flux.  Topographic profiles were constructed along the moraine positions (Figure 14C) to 
provide cross-sectional areas for the flux calculations.  The ice-discharge flux on MDI averaged 1.7 x 105 m3 /yr (range 
0.65 to 2.9 x 105 m3 /yr), illustrated by the size of the triangle on Figure 14D.   
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Moraines on MDI (Figure 14B) marked times when the glacial terminus was stationary and when ice-calving flux was 
equal to ice-discharge flux.  Topographic profiles were constructed along the moraine positions (Figure 14C) to 
provide cross-sectional areas for the flux calculations.  The ice-discharge flux on MDI averaged 1.7 x 105 m3 /yr (range 
0.65 to 2.9 x 105 m3 /yr), illustrated by the size of the triangle on Figure 14D.   

It was concluded for the southern part of MDI at Bass Harbor, that the ice-flux was high suggesting rapidly moving ice 
(Group 1 moraines at Bass Harbor on Figure 14B).  Once the ice margin retreated to the south end of the constricted 
Long Pond valley (Group 2 moraines on Figure 14B), fluxes dropped by more than ½ indicating slower ice.  Farther 
north (Group 3 moraines on Figure 14B) flux increases.  In the uniformly larger Somes Sound, flux was high at all sites 
(triangles on Figure 14D). 

 

Somes 
Sound 

Long 
Pond 

Bass 
Harbor 

Figure 14. A. Paleoshorline 
elevation in meters.  B. 
Moraine groups.  C. Valley 
cross profiles used to 
compute depth and area.  
D. Computed glacier flux 
per meter of width.  
Triangles are scaled to flux 
values. (Lowell, 1991, 
figure 3, p.156) 
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Lowell ran a field trip to MDI in the fall of 1991 for NEIGC highlighting his work on the deglaciation of MDI and its 
glaciological implications.  In the introductory text he reviewed his work on ice flow indicators, meltwater channels, 
ice-marginal features, and paleo-sea level indicators.  It was noted that the landform of the hill south of Jordan Pond 
had an elongate north-south form indicating ice-flow streamlining rather than an elongate east-west form that would 
suggest a frontal moraine.  In the paleo-sea level section, while noting that Thompson and others (1989) had 
measured a 70.4 m (230 ft) marine delta south of Jordan Pond, he continued to argue for a maximum sea level of 90 
m (295 ft) due to scattered patches of rounded clasts up to that elevation.  He went on to review his ice-flux 
calculations discussed above.  Then he speculated on the formation of stoss and lee erosion forms on the glacial bed 
with regard to basal shear stress and ice thickness.  A field trip itinerary followed with a road log and 10 stops around 
MDI.  His stop 1 is stop 1 for this field trip, FOP 2018, the top of Cadillac Mountain.  His stop 2, The Tarn, is stop 5 for 
this field trip and his stop 6A at Jordan Pond is stop 7 for this trip.  His material on those stops will be addressed in 
the text for individual stops for this trip.  Lowell (2000) described ice-flow direction, moraine, and shoreline features 
in the Southwest Harbor quadrangle part of MDI. 

Rubin, 1991, did detailed leveling surveys of some of the emerged sea caves and other high stand sea level features 
on MDI.  The often studied Cadillac Cliffs sea cave on east base of Gorham Mountain was determined to have an 
elevation of 70.4 – 72.5 m (231 – 238 ft).  Braun confirmed the elevation of the base of the cave at 70+/- 0.5 m (230 
+/- 2 ft) using LiDAR derived elevation topography and GPS positioning.  At the equally often studied Pulpit or Tilted 
Rock at the east base of Day Mountain, rounded beach cobbles are at an elevation 56-4 – 61.2 m (185 – 201 ft).  That 
is just below the 62.2 m (204 ft) elevation of the base of the 7.9 m (25.9 ft) high rock pinnacle considered to be a 
wave eroded sea stack.  

To the north of Pulpit Rock a prominent boulder beach was 
measured at its highest elevation to be 74.7 m (245 ft) and at its 
lowest to be 62.2 m (204 ft).  It was suggested that a cave at the 
base The Cleft in the east face of Day Mountain, at an elevation of 
about 135 – 137.5 m (443 – 451 ft), was formed by wave erosion 
and it may represent a sea level left from very rapid initial rebound. 

Rubin and others, 2002, reiterated Rubin’s 1991 work and added 
other sea caves features at elevations from 61 – 70 m (200 - 230 ft).  
It was noted that it could be argued that the highest part of the Day 
Mountain boulder beach “represents the uppermost elevation of a 
former storm berm in the supratidal region.” (p. 63).  But they 
thought the continuous mantle of boulders below that elevation 
indicates constant wave attack over time.   

They used the 135 m elevation of the Day Mountain cave as the 
high sea level stand in their falling sea level multilevel paleo-
geographic reconstructions of MDI.  A sea level curve (Figure 15) 
was offered starting at the 135 m level.  They hypothesized that 
after an initial rapid land rebound, there was a period when 
rebound balanced with sea level rise to form the prominent 
beaches and other features at 61 – 76 m (200 – 250 ft).  That period 
is marked by a slight gentling in the slope of the sea level curve 
(Figure 15).  They also thought that glaciomarine deltas and 
emerged sea caves marked temporary stillstands in sea level fall. 

 

 

Weddell, 2011, did some revision of the Surficial Geology of the Southwest Harbor 7.5’ quadrangle part of MDI and in 
2013 he published the Surficial Geology of the Salsbury Cove 7.5’ quadrangle part of MDI.  This was the first time 
detailed LiDAR imagery was available to accurately map the many small moraine ridges on MDI.  Those maps have 
been superseded by the Braun and others maps published in 2016. 

Figure 15.  Sea level change curve starting at 
the 135 m Day Mtn Cave height (Rubin, figure 

31, p. 7). 
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Using LiDAR imagery for detailed delineation of glacial features  By Duane Braun 

This mapping project would not have been attempted without the LiDAR imagery that became available in fall 2011.  
The most useful processed image types are the bare ground, human structure removed, shaded relief images.  The 
most useful shaded relief angles of illumination are near parallel to ice-flow and near perpendicular to ice-flow 
(Figure 16).  For MDI the northwest illumination angle is near ice-flow direction and well displays the many small 
grounding line or “push” moraines (Figure 16A).  The northeast illumination angle is near perpendicular to ice-flow 
and well displays subtle subglacial streamlining of the landscape (Figure 16B). 

    

Figure 16.  LiDAR images of the Hadley Point area on the north end of MDI.  A. Northwest illumination shows the 
small push moraines.  B. Northeast illumination shows the subglacial streamlining of the landscape. 

The northwest illumination LiDAR imagery is exceptionally useful 
where one is mapping a series of small, closely spaced push 
moraines.  On the adjacent image, Figure 17, the largest moraine in 
the upper left is only about 5 m (15 ft) high and 15 m (50 ft) wide.  
The smallest moraines are only 1 m (3 ft) high and 5 m (15 ft) wide.  
The moraines are spaced only a few 10’s of m apart, with some only 
a few m apart.  The moraines are exceptionally close together from 
the glacier very slowly retreating north off the north flank of the MDI 
mountain (large hill?) range. 

In other places the LiDAR image shows moraines that are only a 
single line of boulders sitting on bedrock ledges.   

It is hoped that the LiDAR can be used to correlate the push moraines 
all along coastal Maine. 

To see the LiDAR imagery, go to Maine Geologic Survey publication 
section and click on the MGS LiDAR Web Map.  You will be able to 
view and download the imagery. 

 

Figure 17.  LiDAR image of closely spaced small moraines around the 
northwestern part of Long Pond.   
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Sea level changes on MDI By Duane Braun 

MDI is 320 km (200 mi) north of the LGM terminus (Figure 18) and in recent decades modeling of the LGM has 
converged on a 1500 m (5000 ft) ice thickness over MDI (as in Johnson and Fastook, 2002).  Hooke and Fastook, 2007, 
estimated that the total amount of crustal depression along the present coast of Maine should have been about 245 
m (800 ft) when the glacier was at its terminus on Georges Bank (Figure 18).  Oakley and Boothroyd (2012) though 
estimated a total depression of 175-200 m (575 – 650 ft) for the southeastern coastal Maine.  Global sea level at that 
time was at about negative 120 – 125 m (-390 to -410 ft) (Fairbanks, 1989).   

 

Figure 18.  Map showing MDI in relation to the LGM glacial terminus and the paleogeography at that time. 

Significant recession from the terminal zone began with retreat from the Harbor Hill – Charlestown moraine at 
around 21 Ka (Oakley and Boothroyd, 2013) and presumably from equivalent moraines on the north side of Georges 
Bank.  The glacial front arrived at the seaward edge of the Maine coast at about 16 Ka (Hooke and Fastook, 2007).  
That gives a 5000 year period for rebound to start occurring as the glacier thinned and melted back to MDI.  Global 
sea level at 16 Ka was about negative 110 m (-360 ft).  The amount of rebound during the ice retreat to MDI though is 
an open question.  So continuing uncertainty about total depression of MDI and rebound during retreat to MDI, 
means that the regional relationships do little to constrain the high-stand of sea level on MDI.  

As noted above in the previous Pleistocene work section, MDI has long been a site used to estimate and argue about 
how far the crust was depressed by the weight of the glacial ice.  While Shaler (1889) thought that the highest 
mountains were covered, the consensus since then is that the highest stand of sea level on MDI is around 70 m (230 
ft).  This 70 m (230 ft) high-stand of sea level is marked by prominent beaches and wave cut scarps in unconsolidated 
glacial deposits all around MDI (Lowell and Borns, 1988, Braun and others, 2016, brown color on map).  Such beach 
deposits are common below the 70 m elevation, often displaying a declining in elevation series of strandline steps 
(marked as black lines on Braun and others, 2016).  At Stop 3, one walks up over a series of such strandline berms.  
The highest beach deposits mapped by Braun on the northern part of MDI are at 73 m (240 ft) in the area west of 
Youngs Mountain.  On the south side of MDI the highest beach deposit mapped is at 79 m (260 ft) in a south facing 
alcove in the south face of Bernard Mountain, on the southwest side of MDI.  That alcove or amphitheater faces into 
the direction of maximum exposure to southeasterly wind from the passing “Northeasters” and the high beach there 
probably represents the maximum storm surge height. 
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The overall depression of Maine is shown by 
the extent of marine deposits and features 
across central Maine (Figure 19).  The “gold 
standard” for estimating the high-stand of sea 
level is the elevation of the topset-foreset 
contact on marine deltas (Thompson and 
others, 1989) (Figure 20 below).  There is one 
point on MDI at 70m (230 ft) on the marine 
delta south of Jordan Pond.  That contoured 
data set gives the crustal tilt resulting from 
glacio-isostatic uplift of about 0.53 m/km (2.82 
ft/mi).  That is about one-half the tilt of the 
non-marine Connecticut Valley (Koteff and 
others, 1988).  That lower gradient of tilt from 
marine features indicates that crustal uplift 
(sea level fall) was occurring during glacial 
recession.  On MDI that tilt over the 11 km (7 
mi) distance to the northern most >70 m high 
hill would raise the high stand beach up 6 m to 
76 m (250 ft).  

Figure 19.  Extent of marine flooding of Maine 
with some approximate ice margin positions 

 

 

Figure 20.  Contoured elevations of glaciomarine deltas in Maine and adjacent New Brunswick (Thompson and 
others, 1989, Figure 2, p. 46).  A subset of points with the best elevation control was used for the contours. 
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Figure 21.  Sea level change over time graph for Maine (Kelley and other, 2013).  A general Global 
sea level rise curve has been added for comparison. 

Kelley and others, 2013, have assembled the relative sea level data for Maine for the entire late glacial to present 
time interval (Figure 21).  That graph emphasizes how rapidly the land rebounded out of the sea, a rate of around 3-5 
m/100 yrs (10-15 ft/100 yrs).  The glaciomarine delta at 70 m (230 ft) south of the Jordan Pond moraine was 
deposited at about 15.3 Ka (see following section on the MDI moraines and their age) when the glacier was on the 
north side of the mountain range, with tongues of ice projecting south in the glacial troughs.  The sea would have 
been attacking only the south side of MDI’s central mountain range.  By around 15 Ka the glacier front had retreated 
to the north side of the island, exposing the entire circumference of the mountain range to wave attack (green line 
on Figure 22 below).  Only over a 2500 or so year period would wave attack have been able produce all the erosional 
and depositional marine features on MDI as the sea fell from 70 m to its present level by about 13 Ka (Figure 21).  
The short duration of sea level at any particular elevation would tend to minimize the amount of erosion of these 
relatively resistant crystalline rocks.  Such erosion would have been localized along existing fracture weaknesses.  It is 
doubtful that there would have been time to cut a distinct cliff and bench form from the granite at any particular 
level as had been assumed by Shaler (1889).  

Sea level would continue to fall rapidly to negative 60 m (blue line on Figure 22) leaving the glacially scoured basins 
around and within MDI as freshwater lakes (light blue areas on Figure 22).  It should be noted that the erosional 
features along the present shoreline have developed over several thousand years as sea level has risen slowly 3 m 
(10 ft) in the last 4000 years (right side of Figure 21).   
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Figure 22.  High and low stand sea levels on and around MDI.  During low-stand freshwater lakes would 
occupy the basins around and within MDI for a few 1000 years before the sea rose and flooded them. 

The 70 m high-stand shoreline cut a distinct scarp into till around the periphery of Beech Hill (Figure 23).  There are 
no other scarps below the highest one even though the hill is mantled by thick till until one reaches its south end.  
The presence of a single scarp at the highest sea level suggests that wave attack was particularly severe then. 

 

Figure 23.  LiDAR image of the Beech Hill area, blue dotted line marks the 70 m sea level.  Yellow dashed line is where 
a 90 m shoreline level would lie.  Lowell (1991, 2000) argued for such a level from evidence elsewhere on MDI. 
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Between the glacier and the Gulf Stream-warmed Atlantic Ocean, storm conditions would have been exceptionally 
severe with the steepest temperature and associated pressure-wind speed gradients.  As an example, visit the 
University of Maine Climate Change Institute’s Climate Reanalyzer (cci-reanalyzer.org) animation gallery and run 
through the LGM Seasonal Cycle animations.  In essence the climate in coastal Maine, as the glacial front was 
retreating across it, has no present analog.  This severe storm effect though could have been dampened significantly 
if there were enough iceberg fragments from the calving ice front to buffer the wave attack. 

Another explanation for the single highest level scarp is that it is simply due to the bouldery nature of the till being 
eroded.  As the waves cut into the bouldery till, fines were winnowed out to form the silty marine mud deposited in 
the lowest areas.  Sand to pebble gravel material was washed downslope to form a regressive layer over the muds on 
the lower slope.  The boulders would have been left behind to form a boulder lag surface at and downslope of the 
scarp (Figure 24).  Excavations on Beech Hill, including the Braun’s backyard, show that the till is only sparsely 
bouldery below the immediate surface (Figure 25).  In one 30 m (100 ft) long by 6 m (20 ft) high cut only 54 greater 
than 0.5 m (1.5 ft) diameter and 4 greater than 1 m (3 ft) boulders were observed.  One would have had to winnow 
out the boulders from as much as 10 m (33 ft) of the boulder till to form a single boulder thick armor on the slope, 
hence the distinct scarp at the highest sea level (Figure 24).  Many of the boulders would have been washed 
downslope of the scarp cut bank.  Once enough boulders were winnowed out of the till the slope at and downslope 
of the scarp would have formed a boulder lag that minimized further erosion as sea level continued to fall. 

 

Figure24.  Schematic cross-section showing the development of a boulder lag 
downslope of the headwall of the wave cut scarp. 

 

 

 

 

 

Figure 25.  Boulder lag on slope just 
downslope of the base of the wave cut 
scarp on Beech Hill.  Cut is 6 m (20 ft) 
long and 1.5 m (5 ft) high.  Few 
boulders or cobbles are present below 
the surface. 
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On the slopes on MDI below the 70 m elevation, where the wave washed material was more than 1.5 – 2.0 m (5 – 6 
ft) thick, a beach deposit was mapped (the brown area on Braun and others, 2016).  On much of the rest of the area 
on MDI below the 70 m elevation there is a layer 0.2 – 1.5 m (0.5 – 5 ft) of wave washed material (Figure 26).  In 
those wave wash areas, the underlying material is typically till and sometimes glaciofluvial material or bedrock. 

 

Figure26.  Stratified sand and gravel wave wash 1.5 m thick at the base of a steep slope on the 
southeast side of Beech Hill.  Many clasts are subangular to angular, having been washed out of 

the till immediately upslope.  Bedrock is exposed in the bottom of the excavation. 

Such boulder lags are also observed above the elevation of 70 m on till mantled slopes.  But a boulder lag can also be 
formed simply from slope wash (Figure 27).  Braun spent 30 years mapping glacial deposits in northeastern 
Pennsylvania and walked across large areas of such boulder lag on the mountain slopes.  

 

Figure 27.  Schematic cross-section illustrating the formation of a cobble-boulder 
lag by slope wash winnowing out the finer than cobble-sized fragments. 

As noted above in the previous work on MDI section, some have argued for a higher than 70 m (230 ft) highest stand 
sea level, with Lowell (1991, 2000) suggesting a 90 m (295 ft) highest level and Rubin arguing for a 135-137.5 m (443-
451 ft) highest level.  These highest levels will be discussed on the optional pre-meeting sea cave trip and at Stops 2 
and 3 on the Saturday field trip.  
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Moraines on MDI and their relation to Pineo Ridge By Duane Braun and Thom Davis 

The moraine pattern of coastal Maine has been studied and mapped in most detail by Smith (1982, 1985) and Smith 
and Hunter (1989, 2001).  The hundreds of small moraines mapped by Smith in the Waldoboro area (Figure 28A) 
have been confirmed by LiDAR imagery available in recent years (Figure 28B).  Thompson and Hooke (2016) recently 
used the LiDAR imagery to examine the moraine pattern of an area to the west of MDI.  

 

Figure 28.  A. Mapped moraines in the Waldoboro area (Smith and Hunter, 1989, Figure 22) 
B. LiDAR image of part of the area on A at a scale that most moraines are visible. 

Over the years there has been considerable discussion of the origin of such regularly spaced, small scale moraine 
ridges starting with De Geer in 1889, and such moraines are often called De Geer moraines.  Sinclair and others 
(2018) give a concise review of three most favored models of their development (Figure 29). 

 

Figure 29.  Three models of how De Geer moraines may form (Sinclair and other, 2018, Figure 3). 
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Thanks to the prominence of thrust features in exposures of the moraines, in recent years most workers have come 
to consider such moraines as grounding line moraines from annual winter readvance, or simply “push moraines” 
(Model A in Figure 28) (Smith and Hunter 2001, Thompson and Hooke, 2016, Sinclair and others, 2018).   

On MDI (Figure 30) the small grounding line or push moraines have a distinctly wider 100 m (330 ft) or so spacing on 
the north side of the island (top of Figure 30 and 30A).  In the middle of the MDI, particularly along the north flanks 
of the mountains, the moraine spacing is distinctly closer at 30 - 60 m (100–200 ft) (Figure 30B).  Other images of the 
closely spaced moraines are shown as Stop 6 Figures.  At the south ends of the glacial troughs between the 
mountains there tends to be several much larger moraines with some closely spaced small moraines between then 
(Figure 30C).  Then south of that, the moraines have a somewhat variable spacing of 30 – 100 m (100–330 ft), 
intermediate to that of the closely and widely spaced zones (Figure 30C, lower part).  The wide spacing on northern 
MDI continues north 20 km (12 mi) to north of Ellsworth (Figure 30D). 

 

Figure 30. LiDAR image of MDI; even at this scale some of the push moraines are visible.  Red rectangles 
A – C are enlarged same-scale images shown on Figures 30A to 30C for comparison of moraine spacing.  

Yellow rectangle D is a smaller scale image shown on Figure 30D. 
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Figure 30A.  LiDAR close-up of the widely spaced moraines (~100 m between successive ridges) on the 
northern part of MDI and on the mainland north of MDI.  Same scale as Figure 3B and 3C. 

 

Figure 30B.  LiDAR close-up of the closely spaced moraines (30-50 m (100-150 ft) 
between successive ridges) on the middle part of MDI. 
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Figure 30C.  LiDAR close-up of the south ends of the glacial troughs with several much larger moraines.  
South of there the moraines have a somewhat variable spacing of 30 – 100 m (100–330 ft). 

The three Figures (30A – 30C) provide a good comparison of the differences in moraine spacing and their relative 
size.  Note on Figure 30B that on Beech Hill, above the marine limit wave cut scarp at 70 m (230 ft), moraines are very 
indistinct showing that the glacier can much more readily push up a moraine below sea level than above sea level.  
There are very subtle moraines on Beech Hill marked by the gullies carved in the hill above the marine limit.  On the 
top part of Figure 30C the large moraines in the valleys are below the marine limit and are wave washed.  The 
moraine crest at the end of Long Pond is at 67 – 55 m (220-180 ft), at and just below the marine limit and is 
smoothed quite a bit by wave wash.  The wave wash has also both eroded the crests and filled in between smaller 
moraines that lie between the larger ones.  Figure 30D shows the remarkably continuous and relatively even-spaced 
push moraines north of MDI as the glacier was in rapid retreat mode to the north of MDI.  The average spacing is 
around 100 m (330 ft) with some as far apart as 150 m (500 ft) and a few as close as 60 m (200 ft).  A future project 
will systematically measure the moraine spacing across the region to see if such spacing can be used to correlate 
moraine grouping across coastal Maine.  

The Ellsworth esker runs down the middle of the image and the moraines curve to the north on either side of the 
esker showing that the esker was in the center of a reentrant in the ice front.  There are series of “tadpole”-like-
spaced piles of glaciofluvial material along the esker.  The moraine spacing does not change at the tadpoles, 
indicating that the individual piles of glaciofluvial material are from bursts of sediment deposition during continuous 
glacial retreat rather than from the glacier slowing or pausing in its retreat.  

C 
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Figure 30D. LiDAR image of the small push moraines with a 100 m (330 ft) or so spacing from the north side of MDI to 
north of Ellsworth.  Smaller scale than Figures 30A – 30C.  Redlines mark the crests of a few representative moraines. 
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The Pineo Ridge system (PRS), which includes prominent glaciomarine deltas and large moraines, lies about 75 km 

(~45 mi) to the northeast of MDI. Woody Thompson used LiDAR together with field work in searching for the 

westward continuation of the Pineo Ridge ice margin. He concluded that it veers to the southwest from the Pineo 

Ridge delta complex, and that the PRS likely correlates with other large moraines south and east of Tunk Lake. 

Thompson traced the Pineo-equivalent ice margin to Schieffelin Point in Sullivan, where the moraines trend SSW into 

Flanders Bay, toward MDI (Thompson, personal communication, 2018).    

Immediately seaward from the PRS correlatives, there are a series of closely spaced moraines that likewise trend 
toward MDI (Figure 31).  Braun is currently using moraine spacing shown on LiDAR to confirm that correlation.  At 
present it looks like the center of the Pineo Ridge moraine complex trends southwest to the center of MDI (Figure 
32).  Previous workers on the PRS (Miller, 1986; Ashley and others, 1991) have concluded that the feature represents 
a period of slow retreat of the glacier rather than a significant re-advance.  That slow retreat coincided with the ice 
front reaching MDI where the glacier became “banked” against the north side of the mountain range and formed 
distinct lobes in the intervening glacial troughs. 

 

Figure 31.  Map of closely spaced moraines trending to the southwest of Pineo Ridge.  Labels and red line moraine 
crest from LiDAR imagery added to Smith and Hunter (2001, Figure 6). 
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Figure 32.  The closely spaced moraine zone extends southwesterly from Pineo Ridge to MDI.  
LiDAR coverage as of 2018 is the gray shaded relief area. 

The correlation of the Pineo Ridge system (PRS) to moraines on MDI is further supported by recent surface exposure 
dating (Koester and others, 2017; Hall and others, 2017), as shown in Figure 33.  Koester and others (2017) published 
10Be ages for seven boulders from the PRS, including two of the largest three (2.7 and 2.4 m height) from the ice-
contact delta surface at ~82 m a.s.l., one from just off the front edge of the delta (4.0 m height) at ~74 m a.s.l., and 
four smaller boulders at 73 to 66 m a.s.l. along a lobate moraine that extends east of the delta edge.  Hall and others 
(2017) later published 10Be ages for 12 boulders from the PRS, including nine from Pigeon Hill on the ice-contact 
slope about 2.5 km (1.5 mi) northwest of the delta edge at 88 to 93 m a.s.l., two from the top of the ice-contact slope 
at 79 m a.s.l. about 1.2 km (0.7 mi) west of Pigeon Hill, and one from the top of Schoodic Hill at 88 m a.s.l. about 2.5 
km (1.5 mi) west of Pigeon Hill. 

As can be seen in Figure 33, the mean 10Be age from the Hall and others (2017) boulders is about 500 years older 
than the mean 10Be age from the Koester and others (2017) boulders. Although the mean ages barely overlap at 1 
standard deviation, Hall and others (2017) correctly note that the Koester and others (2017) ages should be older 
than the Hall and others (2017) ages, which are derived from boulders that lie inboard of the former.  Hall and others 
(2017) suggest that the Koester and others (2017) ages may be too young because of some time spent under marine 
submergence and winnowing of sands that later exposed the boulders.  However, neither of these two explanations 
apply to the three largest boulders of Koester and others (2017) that lie on the Pineo Ridge delta surface or on its 
edge, and these three ages are statistically indistinguishable from the exposure ages of the four boulders from the 
lower lobate moraine extending east from the delta edge.  As noted by Hall and others (2017), sea level may have 
been up to 10 m higher when the lobate moraine was formed than when the delta was formed, but a regional 
relative sea-level curve developed by Kelley and others (1992) suggests that 10 m of sea level fall during this time 
could have occurred in as little as a few hundred years.  Hence, surface exposure dating of boulders is not precise 
enough to distinguish ages on this time frame over such short geographic distances (Figure 33).  

Likewise, new unpublished surface exposure ages (Figure 33) from six boulders on the Jordan Pond moraines at Stop 
7 on MDI are on average over 1000 years older than the five exposure ages from boulders along the south shore of 
Jordan Pond published by Koester and others (2017), and statistically indistinguishable from the surface exposure 
ages on boulders at Pineo Ridge.  The mean 10Be age for these six new boulders is also statistically indistinguishable 
from the mean 10Be age of 16 boulder and bedrock samples along two altitudinal ridgeline transects on MDI (Koester 
and others, 2017). The ridgeline boulder 10Be ages suggest that ice sheet surface lowering between 460 and 170 m 
a.s.l. occurred rapidly at about 15.2 ka, followed soon thereafter by deposition of the Jordan Pond moraines.   

0                           10 km 
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Figure 33. Probability distribution functions (camel plots) of 10Be surface 
exposure ages from Pineo Ridge and Mount Desert Island, Maine.  Mean 10Be 
surface exposure ages for each grouping labeled in bold, and all four mean 
ages are indistinguishable at one standard deviation.   
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How old are the Pond Ridge and Pineo Ridge moraines? By Roger LeB. Hooke 

Pineo Ridge was first described by George Stone (1899, p. 111-112).  Stone noticed till in the vicinity, but he called 
Pineo a gravel plain not a moraine.  Hal Borns (1966) was apparently the first to recognize that Pond Ridge was a 
moraine and Pineo Ridge was a delta-moraine complex.  Their ages have been a topic of study ever since.  

A 14C date on seaweed from the Pond Ridge moraine was likely the first date on these moraines: 15.1 ± 0.4 ka (Fig. 
35) (Stuiver and Borns, 1975).  More recently, Dorion and others (2001) report four dates. At Dennison Point, 3 km 
outside the Pond Ridge moraine, a Macoma calcarea shell closely associated with ice-proximal grounding-line 
deposits was dated to 16.1 ± 0.1 ka.  On the distal side of the Pond Ridge moraine at Turner Brook a Nucula sp. shell 
from glaciomarine sediments interbedded with coarse ice-proximal units was dated to 15.9 ± 0.1 ka. On the proximal 
side of the Pond Ridge moraine at Sprague Neck a Portlandia arctica shell in glaciomarine facies was dated to 15.2 ± 
0.1 ka, yielding a minimum age for the moraine.  Finally, a date on a Nucula sp. shell from basal marine sediment in 
Marks Lakes, a few kilometers inside the Pineo Ridge moraine, yielded a minimum age for the moraine of 15.1 ± 0.1. 
Kaplan (1999) reported another date on a Hyatella arctica shell from Lily Lake giving another minimum age of 15.2 ± 
0.1 ka for Pineo. All of these dates are calibrated (CALIB 7.1).  All are shown in Figure 35, color-coded to the moraine.   

As all of these 14C dates were on marine organisms, they 
required a marine reservoir correction.  Reservoir 
corrections vary both spatially and temporally.  Along the 
Atlantic coast from New Jersey to Newfoundland, McNeely 
and others (2006) report values ranging from 430 to 730 
years.  By comparing dates on shells and on associated logs 
in the Presumpscot Formation near Portland, Maine, 
Thompson and others (2011) found a reservoir age of 1000 
years.  Following Borns and others (2004) and consistent 
with a rough estimate of the median value obtained by 
McNeely and others for the Atlantic coast, I used 600 years 
when calibrating the above dates. 

10Be exposure ages have also been obtained on the Pineo 
Ridge moraine (Fig. 35).  Hall et al (2017) dated twelve 
boulders on the proximal side of Pineo.  Three, ranging in 
age from 16.2 to 17.0 ka, were deemed outliers; the 
remaining nine yielded a peak age of 15.3 ka on a “camel” 
plot.  Hall and others do not explicitly give an uncertainty 
in their preferred age for Pineo, but seem to suggest that it 
is the same as that in the mean age of the population, ±0.2 
ky.  This is an internal uncertainty.  They also imply that 
the external uncertainty, the one that includes uncertainty 
in the production rate, is ~±0.7 ky. Koester and others 
(2017) dated seven boulders on a moraine projecting from 
beneath the Pineo delta, yielding an age for the moraine of 
14.5 ± 0.7 ka.  This appears to be too young as it is in the 

middle of the Bølling warm period.  Hall et al (2017) think the discrepancy may be attributable to shielding by water, 
as the moraine would have been below sea level when the Pineo delta formed and for some time thereafter.  Davis 
and others (2015) obtained a significantly older combined 10Be and 26Al date of 17.5 ± 1.1 ka on a single boulder.  This 
boulder was subsequently redated to 15.3 ± 0.4 ka by Koester and others. 

While watching animations of the ice sheet retreat in Maine, produced by the University of Maine Ice Sheet Model 
(UMISM)(Fastook and Chapman, 1989; Johnson and Fastook, 2007), I noticed that the margin, after retreating rapidly 
across the Gulf of Maine, hesitated just inland of the present coastline in downeast Maine.  It then retreated 
somewhat more and hesitated again, close to the location of Pineo Ridge. Retreat from this last position was rapid. 

18O record in the Greenland Ice Sheet Project (GRIP) ice core (Fig. 
36).  18O values, indicative of a colder climate, at 16.1±0.2 and 

Figure 35. 18O record from the GRIP ice core and 
available dates on the Pond Ridge and Pineo 
Ridge moraines. Boxes and lines on 10Be dates 
show internal and external uncertainties, 
respectively. K = Koester; H = Hall; D = Davis. 
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15.7±0.2 ka (GICC05 chronology from Anderson and others, 2006).  These dips were responsible for the pauses in the 
animations. Such cold events would likely have resulted in pauses in retreat of the actual ice sheet, or possibly slight 
readvances.  I have thus proposed (Hooke and Fastook, 2007; Hooke and others, 2016) that they were responsible for 
the Pond Ridge and Pineo Ridge moraines.  As shown in Figure 1, the dates of these cold events are generally 
consistent with both the relevant 14C and the exposure age dates. 

Hall and others raise two objections to correlation of the Pineo and Pond moraines with the cold episodes in the GRIP 
core: (i 18O record in the core reflects winter temperatures, and (ii) the ice retreat in Maine was characterized 
by “rapid ice retreat followed by a (sic) short-lived stillstand/readvance” but the isotope record “shows extremely 
cold conditions throughout” this time period.  In response to this I submit: (i) that cold winter temperatures at 
elevations in excess of 3000 m in Greenland do not preclude summer temperatures capable of significant melting in 
coastal Maine, and indeed modeling suggests that 
seasonality increased during this time (Buizert and 
others, 2014); and (ii 18O 
record, the warm-up that likely initiated retreat of 
the Laurentide Ice Sheet from its LGM position at 
the edge of the continental shelf and from the 
Ronkonkoma moraine on Long Island, NY, 
occurred at ~23.5 ka (Fig. 2).  The next 6.5 ky, to 
~17 ka, was a period of gradual warming under the 
influence of increasing insolation (Buizert and 
others, 2014; Koester and others, 2017); at 17 ka, 
when cooling started despite the continued 
increase in insolation, the ice sheet was not likely 
to have been fully adjusted to the prevailing 
climate.  Thus it might well have continued to 
retreat until ~16.1 ka, but would have been ripe 
for pauses (or slight readvances) at the times of 
the two cold dips at 16.1 and 15.7 ka. 

In short, the 16.1 and 15.7 ka ages for the Pond 18O record 
are better supported than either the 14C ages, which are prone to various uncertainties, not the least of which is the 
marine reservoir correction, or the 10Be exposure ages with their uncertainties.   

Davis (1976, 1989) described two parallel lateral moraines on the south flank of Mt. Katahdin and named them the 
Abol moraines. They are ~50 m apart vertically. Davis and others (2015) associate the Abol moraines with the Basin 
Pond moraines on the east side of Mt. Katahdin. Their 10Be and 26Al dating suggest an age for the latter of 16.1±2.2 
ka. They argue that both were deposited by southeast-flowing continental ice that sent a lobe northeastward along 
the east side of the mountain. Finally, based on their ages and on the lack of any other significant younger moraines 
between the Basin Ponds - Abol complex and Pineo Ridge, 170 km to the southeast, they correlate the two. Hooke 
and others (2016) took this one step further, proposing that the upper and lower Abol moraines were correlative 
with the Pond and Pineo Ridge moraines, respectively. This implies a reasonable 4m/km surface slope to the ice 
sheet (Davis and others, 2015) and a reasonable amount of margin retreat (9 km) for a ~50 m lowering of the ice 
sheet surface at Mt Katahdin. (Hall and others (2017, p. 353) incorrectly stated that Hooke and others (2016) 
correlated the Basin Pond moraines, themselves, with Pineo Ridge.) 

Hall and others (2017, p. 351) also appear to have erred in their calibration of the Mattaseunk Lake 14C date, 
inasmuch as they applied a marine reservoir correction.  The material dated was from the periostraca of the 
organism, a part that is composed of terrestrial, not marine carbon (Jenkins and Dorion, 2013).  Furthermore, the 
date was essentially the same, within 50 years, of a date on terrestrial material collected from the same horizon.  The 
calibrated age is 16.2 ka, a date that conflicts with any interpretation of dates at the coast, and therefore must be 
rejected. 

 

 

Figure 36. d18O record from GRIP core 
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Crescentic gouges: A glacier speedometer?  By Roger LeB. Hooke 

Crescentic gouges (Figs. 37 and 38) are a variety of friction crack produced by glaciers sliding over bedrock surfaces. 
Three other types of friction crack are crescentic fractures (Fig. 37), lunate fractures and chattermarks, but this 
discussion is restricted to crescentic gouges.  John DeLaski (1864) may have been the first to describe these features; 
he studied them on Vinalhaven.  The name, crescentic gouge, was apparently coined by Chamberlin (1888).  

 

 

 

Crescentic gouges are crescent-shaped features that are 
concave-up-ice. The main fracture is comparatively smooth 
and dips gently down glacier. The subsidiary fracture is 
steeply-dipping and ragged, and faces up-ice. It intersects 
the main fracture, and therefore must have developed 
later.   

Gilbert (1906, p. 306) suggested that the main fracture is 
part of a pseudo-conical fracture formed by slow 
application of a “…considerable differential pressure to a 
very restricted area.” If the pressure is applied vertically, he 
thought the axis of the cone would be vertical.  However, if 
the pressure were applied at an angle, as it would be by a 
moving glacier, his diagrams suggest that he thought only a 
single fracture would develop, dipping gently down glacier 
(Fig. 39).   

 

 

 
Figure 38. Sketch and vertical profile of a crescentic 

gouge. (From Harris, 1943). 

Figure 37. Crescentic gouges and crescentic fractures in Greenland. Ice flow was from 
right to left. There are four gouges, three of which were likely made by the same 

boulder. Knife is 90 mm long. 
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Gilbert recognized that rhythmic sequences of gouges with no 
groove connecting the individual marks presented some 
problems: Why was the boulder pressed strongly against the bed 
at one time, forming a crescentic gouge, and then seemingly 
lifted from the bed while it moved to the position of the next 
gouge? Did sudden slippage occur after stress was relieved by a 
fracture, and if so did the slippage cover the full distance 
between gouges, or only a part of that distance? He suggested 
the possibility that motion of the glacier, itself, might be 
rhythmic! It wasn’t until the 1980s that we understood basal 
processes well enough to offer a solution to these riddles. 

We now know that during the summer, when ice is melting at 
the surface, meltwater can reach the bed of an ice sheet (e.g. 
Zwally and others, 2002).  We also know that the subglacial 
drainage system, having largely closed during the preceding 
winter when no water reached the bed, is inadequate to handle 

a sudden influx when surface melting resumes in the spring.  Water backs up in the system, increasing the water 
pressure at the bed.  The high water pressures in myriad small cavities in the lees of steps in the bed act as hydraulic 
jacks, increasing the ice sheet’s sliding speed (Hooke, 2005, p. 162 and references therein).  Later in the summer, 
after the drainage system has become enlarged enough to carry the average discharge, such pressure fluctuations 
can occur diurnally with pressure increasing in the late morning, as melting increases, and diminishing in the late 
evening as the water input drops off. 

Our understanding of the interaction between the 
ice and rocks at the glacier bed has also matured. Ice 
at the ice/bed interface is melted by frictional heat 
produced by sliding and by geothermal heat.  Thus 
ice surrounding a boulder at the bed must flow 
downward around the boulder to replace the melted 
ice (Fig. 40).  It does so by a combination of 
regelation and plastic flow (Hallet, 1979).  Drag 
forces from this flow press the rock strongly against 
the bed.  

Herein, then, we have a possible explanation for 
crescentic gouges and their rhythmic spacing.  In the 
early morning hours, when there is minimal surface 
melting and water pressures are low in subglacial 
cavities, sliding is stalled.  Ice flows both 
longitudinally by plastic deformation and downward 
around the boulder forcing it against the bed and 
initiating a conical fracture.  As the forcing is oblique 
to the bed, the fracture dips gently down glacier. In 
the early afternoon as water pressures rise, the ice is 
lifted ever so slightly, reducing or eliminating 
pressure against the bed, and the hydraulic jack 
springs into action, pushing the whole shebang 

forward a few centimeters.  Then melting slows, water pressures drop, sliding stops, and the whole process is 
repeated.  So the spacing between crescentic gouges may be diurnal, and thus represent a glacier-sliding 
speedometer. 

Gilbert (1905, p. 307), incidentally, anticipated this solution in that he visualized flow of ice around the rock toward 
the bed.  In his case, however, the flow was forced by a compression of flowlines around the rock as an adverse slope 
of the bed forced the rock upward into the ice. 

Figure 39. Fracture geometry. Adapted from 
Gilbert, 1905 

Figure 40. At the ice/bed interface, ice melted by 
geothermal and frictional heat must be replaced by ice 

flowing downward around the boulder. This flow presses 
the boulder against the bed. 
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Post glacial rock block slides on Cadillac Mountain By Duane Braun 

The Cadillac Mountain east side rock block slides are a series of slices that have slid a short distance eastward into 
the notch or col between Cadillac and Dorr Mountains (Figure 41).  The slide is marked by a headwall fissure running 
600 - 700 m (2000 – 2300 ft) parallel to, 120 m (400 ft) west of, and 60 - 65 m (200 – 215 ft) above the col floor.  A 
lower intermediate fissure runs 400+ m (1300 ft) parallel to, 80 m (260 ft) west of, and 50 m (160 ft) above the col 
floor.  A less distinct lower third fissure runs 350+ m (1150 ft) parallel to, 40 m (130 ft) west of, and 40-45 m (130 – 
150 ft) above the col floor.  The slide blocks from a distinct bench on the east slope of Cadillac Mountain (Figure 42). 

 

Figure 41.  Cadillac Mountain rock block slides, the three primary slices outlined by red lines. 

 

Figure 42.  Profile view of the Cadillac Mountain rock block slides, the three primary slices 
outlined by red lines.  View to north from field trip Stop 4. 
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Cumulative Pleistocene glacial ice and meltwater erosion deepened a north-south col or gorge between Cadillac and 
Dorr Mountains by about 60+ m (200 ft) (Figure 42 and 44).  The lower part of the col is a 30+ m (100 ft) high vertical 
cliff with talus apron (Figure 43).  The col cuts the N150 W, 10 – 200 NE dipping sheeting in the Cadillac Mountain 
granite, daylighting the sheeting dipping out of the west side of the col (Figure 44) and into the east side of the col. 

 

Figure 43.  Cliff at toe of the rock block slides.  Sheeting and tectonic fractures are opened up and 
readily produce a talus of large blocks. 

 

Figure 44.  Schematic cross-section illustrating the glacially deepened col between the mountains and 
daylighting of the downslope dipping sheeting fractures in the granite. 

The upslope head of the slide is marked by a 5 – 8 m (15 – 25 ft) high scarp with a 6 - 8 m (20 – 25 ft) wide graben 
below it.  The intermediate fissure is marked by a 5 – 6 m (15 – 20 ft) headwall scarp with a 10 -13 m (30 – 40 ft) wide 
graben (Figure 45).  Other narrow fissures branch off the two primary fissures.  The grabens have a 2 – 3 m (15 – 20 
ft) high, discontinuous downslope wall and are floored by a jumble of blocks 1 – 5 m (3 – 15 ft) across.  The overall 
width of the grabens are greater than the amount of downslope slide due to “key-stoning” of several meter wide 
slices on the downslope side of each graben (Figure 45). 
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Figure 45. Schematic cross-section of one of the headwall fissure grabens. 

The slide is about 30 m (100 ft) thick, assuming the failure plane lies near the base of the 30 m high cliff in the col.  
The volume of the slide mass is on the order of 2.2 x 106 m3 if the failure plane dips at an average of 150 from head to 
toe of the mass.  If the failure plane steps up the sheeting under the slide, the volume of the mass could be markedly 
reduced but still is probably on the order of 1.0 x 106 m3. 

The slide only moved at most 20 m (60 ft) or so horizontally and 10 m (30 ft) or so vertically before stopping, 
probably due to increased friction from fragmentation of the granite along the failure plane and/or striking the west 
edge of the floor of the col.  Opening of the joints is observed in the Cadillac Mountain slide mass on the downslope 
cliff face in the col (Figure 43). 

The slide most likely occurred immediately after deglaciation as support of the ice was removed and the slope was 
saturated with maximum pore water pressure in the sheeting joints.  The failure probably occurred in several phases, 
with successively higher slices failing as lower slices slid out and removed support for the next block upslope. 

In the 1980’s Braun had worked on several large scale rock block slides in daylighted, dipping sedimentary rock in 
Pennsylvania and was primed to identify such features on MDI. 
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Banquet presentation abstract 

Sargent Mountain Pond: Chemical and Biological Changes from Deglaciation to Present in Maine’s Oldest Lake  

By George Jacobson, Emeritus, School of Earth and Climate Sciences, University of Maine, Orono 

In March 2007, we obtained a 5.3 meter sediment core from Sargent Mountain Pond (SMP), Acadia National Park, 
Maine.  We used an overlapping short core taken in 2004 from the same locality to ensure continuity of the long-core 
chronology and chemistry. The oldest AMS age was 15,718 Cal Yr BP. The long core was sectioned in 2 cm intervals, 
providing fairly high resolution through the Younger Dryas (YD).  We analyzed all intervals for H2O, LOI, speciated 
elements (Psenner extraction for Al, Fe, Mn, Ca, and P), and acid soluble rare earth elements (REEs), and fewer 
intervals (67) for acid-extractable Pb and Pb isotopes and Hg (DMA).  We identified strong linkages between Al and 
the REEs, and Al and P (Figure 46), and infer that Al strongly influenced sedimentary P accumulation, thus influencing 
the trophic status of the lake (as it does in modern lacustrine systems).  Diatom-inferred reconstructions of past lake 
chemistry indicate that the trophic status initially was eutrophic, with P estimated at over 25 μg L-1, declining to 5-7 
μg L-1 (oligotrophic), by ca. 1950.  The diatom-inferred pH started at >8 and was measured at ca. 5 in 2007, after 
having been even lower during the recent peak of acid rain.  

Concentrations and accumulation rates of the REEs and P are parallel to Al.  The linkage is associated with the 
development of forest soils, which occurred just prior to the YD. That led to production of dissolved organic carbon 
(DOC) in runoff to the lake. DOC can mobilize Al, P, and REEs from soil and transport them to SMP, where photo-
oxidation frees the Al, with precipitation of Al(OH)3. The precipitate adsorbs both P (as PO43-) and REEs. The P and 
REEs originated from apatite (Ca5(PO4)3(OH,F,Cl)) in the Cadillac Mountain Granite bedrock and till. In Maine lakes, 
apatite was the only important source of P, and it had a significant effect on lake chemistry during the initial post-
glacial weathering of, in this case, the granite and till.  

Concentrations and accumulation rates of Hg (from the atmosphere) and Pb (from the bedrock) (Figure 47) are 
strongly and differently influenced by the development of the forest vegetation. The canopy of vegetation enhanced 
Hg deposition rate through higher dry deposition and interception of polluted cloud moisture. Organic matter from 
the soil and lake water column diluted the Pb in sediment. The YD cooling interrupted the processes described above. 
Recent sediment shows the strong influence of human activity through elevated atmospheric deposition of Hg and 
Pb in this “pristine” watershed, followed by recovery as a consequence of the Clean Air Act of 1970 and 
Amendments.  
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Figure 46.  Psenner and others (1984) extraction values converted to accumulation rates for Al and P from the 
2007 long core (14C, AMS). Sargent Mountain Pond, Acadia National Park, Maine. 

 

Figure 47.  Accumulation rates for Hg and Pb from the 2004 short core (210Pb) and 2007 
long core (14C, AMS). Sargent Mountain Pond, Acadia National Park, Maine. 
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FOP 2018 Saturday Field Trip Stop Map and driving directions to Stop 1 

Leave the Oceanside Conference Center, turning left onto Rt. 3 (Eden Street).  At the intersection of Rt. 3 with Rt. 233 
(Eagle Lake Rd.) turn right onto Rt. 233.  Ascending the mountain side turn right into the Park Entrance Road and 
then follow the signs to the Cadillac Mountain Road.  Ascend the mountain, passing by the first parking lot on the left 
near the top of the mountain, to continue to the summit parking lot.  Walk up the trail to the summit top where 
several panels show pictures of the landscape with features labeled. 

Figure 48.  Map of Saturday, June 2, field trip with stops noted. 
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Stop 1 – Overview of bedrock and glacial geology from the top of Cadillac Mountain (weather permitting) 

GPS Location: Entrance to parking loop - UTM  19T  0561630  4911110  

Leaders:  Duane and Ruth Braun 

From the top of Cadillac Mountain one is looking out on a glacially sculptured landscape of rounded mountains and 
valleys deepened to form lake basins or ocean bays.  The islands you see are formed of more resistant rock and 
remain high points as weaker rock around them is eroded (Figure 49).  Over the last million years, several continental 
glaciers have flowed over Mount Desert Island and continued south to the Cape Cod area.  Braun worked for 30 years 
mapping glacial deposits in northeastern Pennsylvania where there is evidence for four glaciations extending back to 
800 ka.  If a glacier made it to Pennsylvania, it was sure to cover MDI and reach out into the Gulf of Maine.  The last 
glacier covered the island from 30,000 to 16,000 years ago and at its maximum extent covered MDI with as much as 
1500 m (5000 ft) of ice.  Exposure age dating of mountain top boulders and ledges indicate that the mountains came 
out of the glacier at about 15.3 Ka.  As the last glacier melted back from MDI, it left about 300 small scale grounding 
line or push moraines and several larger moraines that dam the south end of most of the lakes on the island. 

 

Figure 49.  View to the southwest of the islands south of MDI and the gentle south slope of Cadillac Mountain. 

As the ice retreated from the island, the land was depressed by the weight of the ice and local sea level was about 70 
m (230 ft) higher than present.  Only Cadillac Mountain and other areas above 70 m in elevation would have stuck 
out of the ocean as a group of smaller islands.   The land rebounded faster than global sea level rose and for a time 
sea level here was 60 m (200 ft) lower than present.  All the islands around you (Figure 49) would have been hills on 
the mainland about 12,000 years ago.  Looking to the northeast (Figure 50) Frenchman Bay would have been a fresh 
water lake.  Gradually global sea level rose, rising the last 3 m (10 ft) (present tide range) in the last 4000 years.   

Figure 50.  View to the northeast across the Porcupine Islands, Frenchman Bay, and the Gouldsboro Hills. 
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Figure 51.  View to the east across glacially sculpted Dorr and Champlain Mountains, 
Frenchman Bay, and the distant Schoodic Peninsula. 

Most of MDI is underlain by the Cadillac Mountain Intrusive Complex (CMIC), an alternating series of gabbro and 
granite intrusions.  The bedrock one is standing on is the reddish pink Cadillac Mountain granite, the largest intrusion 
of granite in the CMIC.  420 million years ago you would have been standing deep within the magma chamber that 
fed a 15 km (10 mi) diameter volcanic caldera on the surface about 3 km (2 mi) above the present landscape.  The 
flanks of the volcano would have covered the periphery of MDI and its surrounding bays and islands.  East across 
Frenchman Bay, on what is now the Schoodic Peninsula (Figure 51), another volcano was active at the same time. 

The first intrusions of CMIC were gabbro layers or sills.  The Porcupine Islands chain marks the eroded remnants of 
the upturned edge of one of the gabbro sills (Figure 50).  The initial eruptions from the first granite intrusion of this 
volcano formed the layers of the volcanic ash, lava and pyroclastic flows that make up the Cranberry Islands you see 
immediately offshore to the south (Figure 49).  The Cadillac Mountain granite was the second and largest intrusion 
and crystallized slowly in the magma chamber, forming the large crystals you see in the granite today (Figure 52).  
Pinkish crystals are potassium feldspars; smoky ones are quartz; the black mineral is hornblende.  This granite is 
resistant to erosion and makes up the mountain chain on the island from Champlain Mountain on the east to Bernard 
Mountain on the west.  The volcano experienced a catastrophic eruption about 420 million years ago from injection 
of hot mafic magma into the cooling Cadillac Mountain granite magma.  The rock surrounding the magma chamber 
collapsed into the chamber.  An arcuate belt of blocks of country rock surrounded by granite, called the shatter zone, 
marks the edge of the magma chamber and caldera at the surface (bedrock map in introduction). 

 

Figure 52.  Cadillac Mountain granite showing the grains of pink K-spar, gray quartz, and darker specs of hornblende. 

1 cm 
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After 420 million years of stream erosion, all of the surface expression of the volcano has been removed, leaving the 
formerly deep magma chamber exposed at the surface (Figure 53).  The granite has many near vertical fractures that 
were caused by later mountain building or tectonic events from 350 to 250 million years ago.  The magma chamber 
was also tilted 10 – 15 degrees to the southeast by later tectonic events.  Finally, as the rock you are standing on was 
brought near the surface by erosion of the overlying rock, it fractured along planes near parallel to the present 
ground surface, forming a slab-like structure called sheeting.   

 

Figure 53.  Schematic cross-section of the Cadillac Mountain Intrusive Complex immediately after intrusion 
of the Cadillac Mountain granite.  Swg = Southwest Harbor granite, Civ = Cranberry Island volcanic layers, 

(Braun and Braun, Figure A-9). 

As you walk around the summit area note that the coarse-grained reddish pink Cadillac Mountain granite (especially 
reddened here by heat from the 1947 forest fire) has a rough texture from granular disintegration since glaciation.  In 
places there are remnant patches of polish, sometimes only on individual quartz grains.  If there is time one can take 
the loop trail around the mountain top; it take 15 to 30 minutes.  To the east of the eastern most part of the trail, 
glacial polish and striations are evident where soil erosion has recently exposed the bedrock surface.  Also look for 
glacial erratic boulders.   

Gather back at the bus by 9:45 AM at the latest. 

We will descend the mountain and turn right onto the Park Loop road.  Where the road splits we will bear right 
continuing on the Park Loop Road toward Sand Beach  The road continues southeast around Cadillac Mountain, Kebo 
Mountain, and along the north side of Great Meadow.  From there the road goes by JAX Lab (world’s preeminent 
genetically modified mouse operation) on the left and the Beaver Pond on the right.  Continuing on, the road goes by 
a vantage point overlooking Frenchman Bay and runs under the east cliff face of Champlain Mountain.  Rock falls 
from the 2006 earthquakes show as brown patches on the cliff.  From there one goes through the Park Entrance Fee 
collection station.  That station is on the prominent beach ridge tomobolo connecting the ridge on the right with a 
ridge on the left (not visible from the road) (Stop 1, Figure 54 and 55 on the next pages). 
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Stop 2 - Sand Beach glaciomarine and Holocene deposits 

GPS at head of stairs to beach – UTM 19T 0565060  4908570 

Leaders: Joe Kelley and Duane Braun 

The Sand Beach area is an accessible place to view the marine strandlines left by the sea as the crust rebounded from 
glacial depression.  The blue dashed line on the map below (Figure 54) marks the best estimate of the high stand of 
sea level at 70 m (230 ft).  In the broad valley between the bedrock ridges there are only three large regressive beach 
berms or ridges (numbered yellow lines).  The upper two are tombolos connecting the bedrock ridges at about 58 m 
(90 ft) and 55 m (80 ft).  The lower third one at 21 m (70 ft), did not completely form a tombolo, but instead has a 
spit built to the north over underlying marine mud.  Stop 2 at Sand Beach is the present transgressive pocket beach 
between the bedrock ridges.  The strandline berms at Stop 3 are much smaller volumetrically and more numerous, 
about 10 from 18 m (60 ft) to 64 m (210 ft) elevation.  The difference in morphology is presumably related to the 
landscape geometry and sediment availability at the two sites.  Any suggestions as to how to better explain what’s 
going on? 

 

Figure 54.  Combined topographic and LiDAR image of the Surficial Geology of the Sand Beach area. 
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The Sand Beach area shaded relie LiDAR image better shows the landscape details (Figure 55).  There must have been 
much more glacial till to erode to provide beach material in the valley between the bedrock ridges (on the way to and 
at Stop 2) than in the shallow re-entrant in the face of the bedrock ridge (Stop 3).  But beach construction must have 
happened rapidly in the valley between the ridges because sea level fall was in the range of 3 -5 m (10-15ft) per century 
(Figure 21 sea level curve in the introductory section on sea level changes from Kelley and others (2013). 

 

 

Figure 55.  Sand Beach area shaded relief LiDAR image, northwest illumination, 
one meter resolution, and at low tide.  Same scale and orientation as previous 
Figure 54. 

 

  

FOP Stop 2 

FOP Stop 3 

0                        300 m 
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Figure 56. Oblique airphoto of Sand Beach at low tide and the surrounding landscape. 

Sand Beach is a pocket beach tucked between two rock cliffs on Mount Desert Island’s south-facing coast (Figure 56).  
The dominant direction of summer waves is from the south-southwest and refraction around the islands and shoals 
results in a generally swash-aligned beach (little longshore transport).   

This beach is most notable for its 
anomalously high concentrations of 
CaCO3.  Brandes (2000) and Leonard and 
Cameron (1981) each measured up to 70% 
carbonate on the beach, but the 
concentration varies spatially and 
seasonally.  Highest concentrations (70%) 
were found near the low-tide line in the 
spring and summer (Figure 57), while the 
abundance was as low as 50% in the 
winter.  The eastern side of the beach 
consistently had lower carbonate values 
than elsewhere on the beach or in the 
dunes. The lagoon had only 20% 
carbonate. 

 

Figure 57.  Beach carbonate concentrations. 

All samples were dominated by barnacles, blue mussels and sea urchins at all times (Figure 58).  Similarly, Barnhardt 
and Kelley (1995) found concentrations up to 75% in the offshore regions (Figure 60).  The explanation for the 
anomalous carbonate is: 1) there is not a lot of clastic sediment in the region; 2) there are a lot of bedrock and 
boulders offshore for organisms to attach to; 3) summer swells focus the offshore sand onto the beach. 
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Figure 58.  Beach carbonate bioclastic constituents.  Core site is noted on Figure 59. 

Vibracores were done in the dunes to see if there was any variation in carbonate concentration over time. There 
were variations in carbonate content that appeared to parallel variations in grain size attributable to storm winds or 
washovers into the dunes (Figure 59).   

 

Figure 59.  Cross-section of Sand Beach near center of Beach. 
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There is an abundance of shelly material in the offshore opposite the Sand Beach embayment (Newport Cove) and 
other embayments along the southeast MDI shore (Figure 60) that will continue to provide carbonate material to the 
beaches.  One offshore core (Figure 61) penetrated through 1.7 m of shoreface shelly layers and reached glacio-
marine mud.  It illustrates the abundance of shell material available that could be re-entrained and brought to the 
present beaches. 

  

Figure 60.  Carbonate concentrations in off shore sediments.  From sea floor 
grab samples (small red triangles). 

Figure 61.  Offshore core 
showing shelly layers 
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The future of this beach does not appear imperiled by acid rain or more acid seawater dissolving the carbonate 
sediment.  However, a ground-penetrating radar line beside the parking lot (Reddish line on Figure 54) revealed 
gently seaward dipping clinoform reflectors (40 m horizontal for 1.2 m vertical or 1.70, probably with apparent dip 
reducing dip angle somewhat) (Figure 62).  That clinoform stratigraphy is suggestive of a subaqueous fan with layers 
of coarse sand and gravel.  This material is much harder than the carbonate beach sediment and if a lot more gets 
into the beach sediment, it may abrade and ultimately eliminate the carbonate sediment.  

 

 

Figure 62.  GPR profile (right) and interpreted profile (left) along northeast side of Sand Beach parking lot showing 
reflectors dipping to the south. 

 

At Stop 2 is a rotational slump exposure of clayey silt marine mud (Figure 63), equivalent to the Presumpscot 
Formation in southern Maine.  The wave eroded 12 m (40 ft) high bluff is composed of the marine mud except for the 
uppermost 1 – 2 m (3 – 6 ft) that is sandy gravel beach sediment.  The marine mud records deeper quieter water 
deposition of the rock flour from the receding glacial ice front (we are standing 230 ft or so below sea level of that 
time).  Then with rebound, sea level fell until upslope wave activity started washing sand and gravel out onto the 
marine mud as a regressive sheet (the top of the outcrop).  Then sea rapidly fell past this elevation to a depth of 
about 60 – 70 m (190 - 230 ft) below present sea level.  At that time today’s visible off shore area would have been 
land. 

 

 

Outwash Fan 
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Figure 63. Photograph of marine mud at the toe of slump with back tilted trees.  Red dotted line 
marks the slump headwall fissure hidden behind the tilted trees.  The surface of the slope is 

covered with rounded clasts eroded from the beach cobble layer that overlies the marine mud. 

 

The dipping sand and gravel layers (clinoforms) in Figure 62 are under the northeast side of the Parking Lot, about 
500 m (1640 ft) north of the eroding bluff of marine mud.  The surface of the submarine fan must slope below the 
elevation of this site.  Future back wasting of the bluff will eventually expose the sand and gravel to the north.  Then 
bluff recession should increase with the non-cohesive sand and gravel being readily removed, under-cutting the 
overlying cohesive marine mud.   

With rising sea level of 1 m (3 ft) probable in the next century, bluff erosion should accelerate.  The recently 
reconstructed staircase to the beach on the face of the bluff probably will be gone in a few decades. 

 

We will walk to Stop 3, about 450 m (1/4 mi) to the southeast of Stop 2.  The Bus has been send on to that site.  The 
vehicles following the bus have parked either in the Sand Beach parking lot or up along the Ocean Drive road.  So 
those that don’t wish to walk to Stop 3, catch a ride with those vehicles. 

 

From the top of the stairs to the beach we will bear left and walk up the shore path to the left of the Rest Rooms.  
Using the rest rooms on the way by might be good, there is no rest room at the next stop.  Going uphill, we will bear 
left again upon reaching a parking lot to continue south beside Ocean Drive.  We will go by a vantage point for the 
cliffs along the Ocean Drive shoreline and Otter Cliff to the south.  After the vantage point, turn right into an 
unnamed Parking Lot.  From that Parking Lot we will walk on an informal “social path” uphill into the woods to reach 
Stop 3. 
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Stop 3 – Multiple small scale strandlines 

GPS Location: At Parking Lot – UTM 19T 564759  4908186 

Leaders: Joe Kelley and Duane Braun 

We will walk upslope across a series of about 10 small cobble to boulder beach strandline berms, most less than 1 m 
(3 ft) high (Figure 64A and 64B).  This one of the most accessible and open forest sites (thanks to 1947 wildfire) for 
viewing a number of small scale strandlines.  We will start at the Parking Lot at a 18 m (60 ft) elevation and probably 
stop at some of the best, most photogenic strandlines at about 55 m (180 ft) elevation(Figure 65).   

 

Figure 64.  A. LiDAR image of the flight of strandlines at Stop 3 with walking route shown.  B. Topographic and LiDAR 
image of Stop 3 with the more prominent strandlines marked in orange.  

In contrast to the large scale strandline features on the approach to and at Stop 2, here at equivalent elevations are 
many smaller features.  Kelley and others (2013) sea level curve (Figure 21, sea level changesection of guidebook) 
shows that sea level is falling at 3 to 5 m/100 years (10–15 ft).  Also of interest is that modeling and some direct 
evidence indicates that during this time the tide in the coastal Maine part of the Gulf of Maine was less than 1 m in 
height and daily rather than diurnal (Scott and Greenberg, 1983; Greenberg and others, 2005).  This maintains the 
plane of wave erosion and deposition at nearly the same elevation for a greater amount of time than does today’s 3 
m (10-12 ft) semi-diurnal tides.  From the lowest strandline at 24 m (80 ft) to highest at 64 m (210 ft) strandline at 
this site, the total time frame to form them is on the order of a 1000 years or so. 

So what do these individual small cobble – boulder strandline berms represent?   

Are they from a single exceptionally large storm in a particular decade? 

Are they from a particularly stormy year? 

Are they from a particularly stormy decade? 

Are they from a particularly stormy century? 

Stop 3 
Parking 

Walking 
route 

Stop 2 

Stop 3 

Stop 2 

B A 
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Figure 65.  Picture of an individual cobble-boulder beach berm or strandline.  View to northeast 
along the crest of the berm. 

From this site we will continue south along Ocean drive.  First we pass Thunder Hole where waves trap air under an 
overhanging ledge in a joint slot to make the thunder or thump as it is released.  The drive will rise up around 
Monument Cove with its boulder beach and sea stack.  After that, the drive will go along the top of Otter Cliff, a cliff 
only slightly eroded back since glaciation.  The drive goes around the end of Otter Point (after lunch Stop 4) and 
continues on to the Fabbri Picnic Area.  The bus will turn right into the Parking Lot for the picnic area. Rest rooms are 
to the right and the picnic tables are to the left.  Across the Loop Road is a vantage point over looking Otter Cove. 

 

After Lunch we will continue ahead and turn right on the Otter Cliff road to return back to Ocean Drive.  We will turn 
right onto Ocean Drive, go back past Otter Cliff again, and stop at Otter Point, Stop 4. 

  



57 
 

Stop 4 – Otter point - shatter zone, striations, and Cadillac Mountain rock block slide 

GPS location – Otter Point parking lot – UTM  19T 0564420  4907220 

Leaders: Duane and Ruth Braun 

At this site we will walk down to a vantage point over Otter Cove, Stop 4A, to view glacial striations and the Cadillac 
Mountain rock block slide.  Then we will take the shore path to the east to the south end of Otter point, Stop 4B, to 
examine one of the premier exposures of the Shatter Zone at the margin of the Cadillac Mountain magma chamber. 

The LiDAR image of Otter Point (Figure 66) shows a 
rough landscape texture and a smooth landscape 
texture.  The rough texture is essentially wave-washed 
bare granite ledge, the highest knob is at an elevation 
of 55.5 m (182 ft), about 14.6 m (48 ft) below the high-
stand sea level.  The smooth areas are thin cobble-
boulder beach deposits mantling the granite.  In the 
upper left area at the Fabbri Picnic area Lunch stop, 
marine clayey silt mud mantles the gravels.  The clayey 
silt thickens to the northwest along Otter Cove to as 
much as 10 m (33 ft) near where the Park Loop Road 
crosses Otter Cove. 

At Stop 4A one is standing on a Cadillac Mountain 
granite ledge where storms have in recent years 
eroded back the overlying glacial till.  The freshly 
exposed rock surface clearly displays glacial polish and 
striations, Figure 67.  Just a meter or two towards the 
sea the rock surface is weather-pitted by salt water 
attack.  Generally on MDI polish and striations has 
been weathered away on natural outcrops.  The best 
striations are on human exposed outcrops (Stop 5). 

Figure 66.  LiDAR image of Otter Point 

 

The bedrock surface here slopes ever steeper to the 
west toward the sea.  The striation direction on the 
near horizontal ledge top has an azimuth 2000 with ice 
flow to S 200 E going off shore.  As the slope of the 
bedrock surface steepens to the west the striation 
azimuth changes to 1850 with ice flow to S 050 E.  The 
face of the ledge is orientated in that same direction 
so the basal ice is readily conforming to the local 
irregularities in the bedrock surface. 

At Stop 5 we will be able to examine a much larger 
freshly exposed outcrop to see how flow direction 
changes with changes in local topography and with 
changes in ice thickness during recession. 

 

 

Figure 67.  Ledge top striations at Stop 4A 
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Figure 68.  View to north from Otter Point to Cadillac Mountain on the left and Dorr Mountain on 
the right.  The bench like feature on the right side of Cadillac Mountain is the rock block slide, 

headwall fissure marked as dashed line. 

Looking to the north, on the skyline to the left is Cadillac Mountain, to the right is Dorr Mountain, with a deep notch 
or gorge separating them (Figure 68)..  The subtle bench on the side of Cadillac Mountain is the rock block slide that 
moved a few 10 of meters to the right.  The headwall fissure, marked by a dashed line on Figure 68, can be walked 
along its top and can be approximated by a shattered rock zone extending down the slope.  The movement was 
mostly a lateral spread with a few meters of down drop along each of three slices (see the introductory text for more 
discussion and illustrations).  The movement was limited by the narrowness of the notch between Cadillac Mountain 
and Dorr Mountain.  The toe of the mass simply slid across the notch and slammed into the side of Dorr Mountain.  
All the joints in the rock face within the mass have been opened up as if the entire mass had been suddenly dropped.  
An extensive talus of large blocks, 2 – 5 m (6 – 15 ft) across, lies at the foot of the slide mass cliff on the west side of 
the notch.  A much less extensive talus of small blocks, 0.2 – 1.0 m (1 – 3 ft) is on the east side of the notch at the 
base of the Dorr Mountain cliffs.   

The most likely time for the slope to fail is immediately after glacial recession.  The glacier had just finished further 
deepening the notch between the mountains by both ice and meltwater erosion.  Fractures in the granite mountain 
side also would have been as fully saturated as they would ever be in post glacial times.  In addition the extensive 
talus suggests a period of intense frost riving during periglacial conditions as the glacier continued its northward 
retreat and after the mountain side failed. 

The Cadillac Mountain rock block slide is the largest of three that have been identified during this mapping project.  
The other slides are on the east face of Champlain Mountain and the east face of Mansell Mountain. 
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At Stop 4B the grayish crystalline rock you are standing on is Cadillac Mountain Granite that crystallized 420 million 
years ago, deep in the magma chamber of a large volcano centered to your north in the middle of MDI.  To the right, 
across Otter Cove, are large cliffs of Cadillac Mountain granite.  Looking off shore to the southwest,t are the 
Cranberry Islands where layers of volcanic ash and lava flows are exposed. 

This site was at the edge of the magma chamber.  During a violent catastrophic eruption 420 million years ago pieces 
of the surrounding rock sank into the granite magma.  The large block of rusty red to light gray rock to your right is 
layered sedimentary rock and volcanic tuff - a piece of the Bar Harbor formation completely surrounded by the 
Cadillac granite (Figure 69).  Around the margins of such blocks you can often find evidence of “cooking” or 
recrystallization.  Small fragments that sank deeply into the magma were completely recrystallized or even melted 
and incorporated into the magma. 

 

Figure 69.  The Shatter Zone where a tens of meters across block of Bar Harbor 
Formation is surrounded by Cadillac Mountain granite. 

 

 

 

Upon leaving Stop 4 we will head north up the Otter Creek valley and the glacial trough separating the line of 
mountains on the east most side of MDI and the Dorr – Cadillac Mountain massif.  We will travel through the Lunch 
stop site and turn left onto the Otter Cliff road and then right onto Route 3 to The Tarn, Stop 5. 
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Stop 5 - The Tarn - a proglacial lake - glacial striation - post glacial talus site. 

GPS Location:  Tarn parking lot – UTM 19T 0563240  4911840 

Leader:  Duane Braun and Tom Lowell 

 

Figure 70.  LiDAR image of the area around the Tarn.  Red arrow marks vantage point over The Tarn 

We will first walk along the 35 m (115 ft) elevation top of the wave-washed moraine to view the boulder surface 
(figure 70).  Then we will return to the Parking Lot and walk down to The Tarn pond – wetland.  On the right, one will 
pass an overgrown old borrow pit with a 6 m (20 ft) high scarp cut into the moraine.  The upper part of the pit is silty 
matrix till and the lower part is sand & gravel.  This material once dammed a proglacial lake to the south where The 
Tarn is today.  The proglacial lake was about 7 – 10 m (25 to 33 ft) higher than The Tarn and drained south through 
The Gorge notch to Otter Creek.  When the glacier retreated farther to the north, another proglacial lake formed in 
what is now the Great Meadow wetland.  With farther northward retrea,t the glacier opened up the Kebo Creek 
valley and the Great Meadow Lake broke out through that valley and drained out to the east.  That permitted the 
lake at The Tarn to starting draining to the north, incising its outlet in the till and sand & gravel dam and gradually 
draining the lake until only a wetland remained.   

Continue walking down to and stopping near the bridge over the outlet stream to The Tarn (Figure 71).  The wetland 
here is in the bottom of the U shaped valley between Dorr Mountain on the right and Huguenot Head on the left that 
was scoured out by the continental ice sheet.  A shallow basin remains holding the wetland that beavers have 
repeatedly dammed to form a shallow, temporary pond. 

George Dorr, the prime mover in the establishment of Acadia National Park, had a dam built to make the wetland 
into a reflecting pool for the surrounding mountain sides.  He named the pond The Tarn to emphasize the 
importance of glaciation in shaping the landscape on MDI.  Of course that name is a misnomer, the pond lies in a 
basin carved in the granite by ice flow converging into the narrows between the mountains.  

To either side of the pond are large angular block talus deposits that have accumulated in post glacial times.  Note 
that thanks to the glacially scoured, over-steepened valley sides, the sheeting joints are day-lighted on both 
mountain slopes, providing a ready source for the talus blocks.  Presumably the frost wedging was particularly active 
under periglacial conditions immediately after the glacier melted back from the area.  Frost wedging continues at a 
lesser rate under the current climate.  Also small to moderate earthquakes occur from time to time, the last time in 
2006, and they shake some blocks off the cliffs. 
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Figure 71.  View to south of “The Tarn”, the “Gorge” beyond it, and the post glacial talus deposits to either side of it. 

Return to the parking area and cross Rt.3 to examine the glacially polished and striated Cadillac Mountain granite 
ledge.  Beware of speeding traffic on the blind curve and if the outcrop is wet we will not go up on it, even when 
dry one must be careful on the polished sloping surface.  The outcrop was laid bare when Rt. 3 was widened in the 
1970’s and a series of less regular reddish scratches from excavator machines cut the glacial striations.  

Lowell did detailed measurement of the scour features on this outcrop and he stopped here on his 1991 field trip.  He 
emphasized that the entire outcrop surface was a series of asymmetric stoss & lee forms, 0.3 – 0.5 m high and 2 – 3 
m long.  Striations and “trains” of cresentic marks cross the stoss & lee forms.  The dominant striation bearing is 2030 
(Lowell, 1991) to the south - southwest.  Braun measured a similar dominant bearing with a range of 1950 to 2050 
(Figure 72) on the more gently sloping areas.  On the steeper surfaces Braun measured striations in the 2050 to 2100 
range.  For the cresentic gouge trains, Braun measured a bearing of 1650 to 1700 to the south - southeast (Figure 72).  
Probably the more southeasterly cresentic fractures formed when the glacier was nearer its full thickness while the 
south - southwest striations formed when the glacier was thinner during retreat and was more influenced by the 
local topography. 

 

Figure 72.  Glacial striations and cresentic gouges on the granite surface.  Site 
near the overall top of the outcrop. 
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Lowell (1991) has done the most detailed measurement of striations and cresentic marks at the site (Figure 73).  His 
greater number of measurements show a wider 10 to 20 degree range around the dominant 2030 direction (left side 
of Figure 73).  That wider range takes in Braun’s measurements on both the gentler and steeper slope forms.  Lowell 
measured a wide variety of striation directions from northeast and east (center and right side of Figure 73) and most 
of those cut across the dominant striation direction.  The 160 to 180 degree range features on the right most side of 
the histogram are probably the cresentic features noted by Braun above and they appear to predate the dominant 
striation direction.  Lowell inferred that the easterly cross-cutting striations were from the last phase of ice flow 
when the ice was thinning and was most strongly converging into the valley.  Presumably this was when the 
retreating ice front was approaching the site.  

 

Figure 73. Trend of striations at the Tarn outcrop.  Most striations in the 60 – 120 range cut the 0 – 40 degree 
dominant striations.  Striations do not give a unique ice flow direction so the measurements were assigned a 
direction between 0 and 180 degrees. (Lowell, 1991, Figure 10). 

 

 

This is the last field trip stop of the day and the vehicles will now return to Bar Harbor by turning left onto Rt.3 going 
north.   

 

Remember the FOP social gathering begins a 6:00 pm at the Atlantic Oceanside Conference Center in the same room 
we had the reception in on Friday night.  Banquet starts at 7:00 pm and George Jacobson’s talk about Sargent 
Mountain pond follows at 7:45 pm.  Finally there will be a short business meeting starting at 8:30 pm. 
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FOP 2018 Sunday Field Trip Stop Map and directions to Stop 6 

We will leave the Oceanside Conference Center, turning left onto Rt. 3 (Eden Street).  At the intersection of Rt. 3 with 
Rt. 233 turn right onto Rt. 233 (Eagle Lake Rd.).  Go past the Park Road entrance and continue on Rt.233.  At the T 
intersection with Rt. 198 (Sound Road), turn right onto Rt. 198.  At the traffic light at Rt. 102, turn left into the village 
of Somesville.  There we will disembark from the bus and walk down a private access road to the Somesville Landing 
Corporation’s landing ramp and dock facility at Somes Harbor to view the moraines there. 

 

Figure 74.  Field trip stop map for stops 6 and 7 on Sunday, June 3. 
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Stop 6 – Small scale annual grounding line or push moraines at Somes harbor. 

GPS Location:  at the Landing ramp parking lot – UTM  19T 0553332  4912220  

Leader: Duane Braun 

This site is one of the few on MDI where there is a several 100 meter wide unobstructed view of the small grounding 
line moraines or push moraines that are present all across the island.  We walked in from Rt. 102 over the crest of 
one moraine (Figure 75, upper red line), crossed another modified one at the parking lot, and continued to the crest 
of a third one at our view point (Figure 75, red star).  In map view the moraine crests are often a series arcuate 
segments.  The moraine crests here are 50 – 100 m (150 – 300 ft) apart; there is a much closer spacing at the next 
stop at the Jordan Pond moraine.  The crests are typically 3 to 5 m (10-15 ft) high and are often sitting on an 
underlying bedrock high.  At this site one can see that the moraine is only 3 m (10 ft) thick sitting on a granite ledge.  
At a few locations on MDI exposures in the moraines show interlayered and thrusted till and glaciofluvial materials, 
as would be expected in such grounding line moraines.  There is marine mud between the ridges and in places the 
mud overlaps onto the ridges.  The moraines are wave-washed, often with a veneer of rounded beach material on 
their lower flanks. 

 

Figure 75.  LiDAR image of Stop 6 area with geographic features labeled. 

A wider view of the small moraines in the Somesville area is shown below in matching LiDAR (Figure 76) and Surficial 
Map (Figure 77) images.  Most of the small moraines are discontinuous across the entire area due to the extent of 
water bodies, wetlands, and bedrock knobs.  A single more prominent moraine is visible near the top of the images.  
That moraine is a much as 10 m (33 ft) high and makes it across some intervening wetlands and is draped over some 
of the bedrock knobs.  That moraine is traceable across much of the western part of the island.  The question is: Does 
it represent a particularly large push in a single year or is it a composite push of several years marking a short still 
stand in the glacial recession? 
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Figure 76.  LiDAR image of the Somesville area showing the numerous small moraines and one more 
prominent moraine near the north edge of the image.  Red rectangle is area on Figure 75. 

 

Figure 77.  Surficial Map (Braun and others, 2016) of the same area as Figure 76.  Note that in places marine mud (Pp) 
is between or even overlaps the moraine ridges.  af = artificial fill, Hw = wetland, Pp = marine mud, Pt = till, Red lines 
= moraine crests, rk or gray color = bedrock at or within 2 m of surface.  Red rectangle is area on Figure 75. 
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The pictures below are provided to make sure you actually see the features.  The area could be fogged in for the trip. 

 

Figure 78. View to the west along the crest of the moraine ridge towards Somes Pond 

 

Figure 79.  View to north to the next moraine crest, wetland in intervening swale. 

From here we will retrace the route back towards Bar Harbor. After passing under the granite arch bridge for the 
Park Loop Road, turn left onto the entrance to the Loop Road and immediately turn left onto the Loop Road itself.  
Follow signs to Jordan Pond.  You will pass a couple of view-points to the west, the Bubble Pond parking lot, the 
Bubbles knobs parking lot, and continue south above Jordan Pond.  Finally turn right into the Jordan Pond parking 
lots, going to the west end lot for the boat ramp down to Jordan Pond.  We first walk down to the boat ramp, have 
some discussion, and then take foot trails over to the east side of the Pond to examine the lateral moraines there. 
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Stop 7 – Jordan Pond moraines, cosmogenic exposure dating, and longevity of the pause in glacial recession that 
built the moraine complex. 

GPS Location:  Boat launch ramp - UTM  19T  0559460  4907780  

Leaders: Duane Braun and Thom Davis 

 

Figure 80.  View north across Jordan Pond to the Bubbles.  Red dashed line is the approximate pre-
glacial landscape profile.  View is to the north in the direction of the white arrow on Figure 81A. 

The view north across Jordan Pond shows a prime example of a glacially sculpted landscape (Figure 80).  The once 
broad V-shaped saddles between the hill tops (Red dashed line in Figure 80) have been scoured and deepened into 
more of a U shape.  The hill tops have been rounded, smoothed, and stream-lined by glacial scour.  Jordan Pond, like 
all lakes on Mount Desert Island, lies in a valley deepened into a basin by glacial scour.  Jordan Pond immediately 
south of the glacially plucked Bubbles is 45 m (150 ft) deep with an unknown sediment thickness under that.   

Jordan Pond is dammed on its southern end by a moraine complex (Figure 81A and 81B).  Most moraines on MDI are 
minor ridges a few meters (5–15 ft) high that formed as a grounding line moraine during a single winter’s pause 
during glacier retreat.  The thickness and volume of material here and at the south end of other lakes like Long Pond 
suggests that the ice here either slowed markedly or even paused for decades in its retreat across the island.  It 
should be noted that the moraines here are above the marine limit and are not grounding line moraines per se.  But, 
the individual closely spaced small moraine ridges are of similar scale to push moraines and were probably built by 
the same process of winter season push back. 

Thick glacial deposits block the probable pre-glacial Jordan Stream valley that originally drained southeasterly to Seal 
Harbor along the prominent 3400 lineament that runs across most of MDI (Figure 81A and 81B - red arrow).  When 
the glacier was slowly retreating north across the Jordan Pond moraine series, meltwater drainage was south-
southeasterly down the pre-glacial valley (Figure 81A - blue dot-dash arrow, Figure 81B - solid blue arrow).  The floor 
of the meltwater channel is only about 1 m higher than the present level of Jordan Pond.  That meltwater drainage 
deposited a large glaciomarine delta (Figure 81B, Pmd unit).  That delta’s topset–foreset contact marks the 70 m (230 
ft) marine high stand elevation for the south side of MDI (Thompson and others, 1989).  Marine strandlines and a 
wave cut scarp mark the south edge of the delta (Figure 81A lower right corner, shadowed scarp; Figure 81B lower 
right corner, thin line with ticks).   

Today Jordan Stream (Figure 81A - solid blue arrow) drains slightly southwesterly, initially through a bedrock gorge, 
to Long Pond and Bracy Cove.  That valley does not contain glaciofluvial deposits but rather till on top of bedrock and 
then marine deposits farther downstream.  So the question is, when and how did the present southwest drainage 
develop?  Maybe a large ice block was buried in the moraine at the southwest corner of the proglacial lake that was 
slightly higher than Jordan Pond.  As the ice block melted out that area became slightly lower than the meltwater 
channel on the southeast corner of Jordan Pond and it captured the drainage from Jordan Pond.  Other suggestions? 
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Figure 81.  A. LiDAR image of the Jordan Pond Area.  Curved red lines mark the southern outer and northern inner 
ridges of the Jordan Pond moraine series.  Straight red arrow = pre-glacial Jordan Stream valley.  Dot-dash blue line = 
meltwater drainage.  B. Surficial geology map (Braun and others, 2016) of the Jordan Pond area.  Ha = alluvium, Hw = 
wetland, Qta = talus, Pms = marine beach deposits, Pmd = marine delta, Pp = marine mud, Pgi = ice-contact sand & 
gravel, Pt = till, blue dashed line = marine high stand limit, blue arrows = meltwater channels, thin blue line with tick 
marks = scarp cut into delta face. 

As illustrated on Figure 81A and 81B, the Jordan Pond moraine is not a single large moraine but rather a closely 
spaced series of smaller moraines.  The moraine crests are only 10 – 30 m (30-100 ft) apart and tend to merge into 
one another on the broad high top in the center of the valley.  The moraines are most distinct as a series of separate 
lateral moraine ridges on the east side of the valley (shown in more detail on Figure 82).  This close spacing of the 
small moraines, both above and below the marine limit, is seen elsewhere on MDI where the glacier is backing north 
off the north flanks of the mountain “range” and the northern parts of the glacial troughs. As noted in the 
introductory section on the MDI moraines, this close spacing of moraine ridges can be traced 75 km (45 mi) to the 
northeast to the Pineo Ridge complex.  Also in the introductory section on moraines it was noted that the just 
completed cosmogenic exposure dating of the Jordan Pond moraine ridges shows that they are in the same age 
range of around 15.3 ka as the Pineo Ridge complex and the MDI mountain peaks becoming clear of ice. 

 

A B 
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Figure 82.  A more detailed LiDAR image of the Jordan Pond moraine and delta complex.  

An enlarged LiDAR image (Figure 82) shows the very subtle, broad-crested, arcuate moraine ridges to the south and 
north of the Jordan Pond House restaurant.  As noted by Lowell (1991) the Jordan Pond House area overall is a 
rounded hilltop with two glacially streamline elongate knobs (orientation indicated by the yellow arrows on Figure 
82).  The knobs are both oriented at around 3400, the direction of most of the more prominent bedrock ridges and 
linear valleys on MDI.  On the westward of the two elongate knobs there are a series of small bedrock ledges that 
project out of the glacial till cover.  The till and in places ice-contact sand and gravel is probably only a few meters 
thick on the crests of the streamlined bedrock knobs and thickens abruptly to either side of each knob.  So the Jordan 
Pond moraine around the Jordan Pond House is actually a series of very subtle, closely spaced moraine ridges draped 
over streamlined bedrock knobs rather than a single large moraine.  

At the lower right corner of Figure 82 is the marine delta built by the meltwater from the Jordan Pond moraine.  The 
delta’s southwest edge has been eroded by spring sapping at the head of Stanley Brook and the southeast edge is an 
abandoned gravel pit.  To the northeast are strandline features, some of which are a meter or two higher than the 
flat delta surface to the southwest; this suggests sea level was falling as the delta was prograding southward. 

We will return to the vehicles and head back north to return to the Atlantic Oceanside Conference center.  Have a 
safe trip home or stay in the area and enjoy Acadia National Park! 

0                      300 m 


