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Bluffs of glacigenic sediment exist along 53% of the tidal shoreline of Maine. 

Under the current regime of rising sea level, waves, groundwater, and subaerial processes 

easily erode these materials. The hazardous nature of the bluffs is not widely recognized 

by the public, and new homeowners are often shocked to find out that their property is 

disappearing. To better educate the public, the Maine Geological Survey is mapping the 

stability of coastal bluffs. This report utilizes that database along with other available data 

to determine what controls the relative stability of bluffs. 

A geographic information system (GIs) was used to relate the external forcing 

mechanisms (bluff orientation, exposure, and nature and width of the intertidal zone) and 

the internal characteristics (degree of human development in the upland, and the surficial 

geological materials that compose the bluffs) that contribute to erosion of coastal bluffs 

in the Freeport, ME 7.5' quadrangle. 
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Chapter 1 

INTRODUCTION 

The coast of Maine is commonly referred to as "rockbound" (Figure 1-1). 

While this distinction is true for many kilometers of the coastline, there are portions that 

consist of unconsolidated sediment that was deposited during the retreat of the Late 

Wisconsinan continental ice sheet (Kelley et al., 1989; Thompson and Borns, 1985). At 

numerous locations along the coast, these sediments form high bluffs and are subject to 

erosional processes when they come in contact with the sea (Kelley and Dickson, 2000). 

Bluffs are also subject to slope failure by blockfalls, slumping, mudflows, and erosion 

fiom groundwater seepage and surface water runoff. Often, areas where bluffs are 

located serve as prime oceanfront real estate as more people move to the coast of Maine 

each year. There is often a great risk to life and property when residences are 

constructed on top of bluffs. For example, in April of 1996, two houses along the north 

shore of Rockland Harbor were destroyed as a steep, 15m-high bluff slumped in a series 

of discrete landslide events (Berry et al., 1996). 

Slope failures have historically occurred at many locations on the coast of Maine 

(Novak, 1987) in the manner similar to the Rockland event. In addition, slow, but 

chronic, bluff retreat occurs along many portions of the coast that are not subject to 

fiequent mass-wasting activity. The hazardous nature of bluff retreat is not widely 

recognized by the public, and new homeowners are often shocked to find that their land 

is disappearing. Unfortunately, the public does not generally become aware of bluff 
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~ i ~ u r e  1-1: Location map of ~ a i n e  with accornpanyin~ coastal geomorphic' compartments 
(modified from' Kelley, 1 987). 



retreat or slope failure unless there is a threat to, or damage of property. At that point, 

what would otherwise be thought of as a natural process becomes a geologic hazard. 

To better educate the public, the Maine Geological Survey (MGS) has created a 

series of maps that classifies the relative stability of coastal bluffs (h~ghly unstable, 

unstable, stable, and no bluff) and the intertidal shoreline type (armored, bedrock, salt 

marsh, and tidal flatheach) at the bluff toe (Kelley and Dickson, 2000). They are 

intended to inform a property owner of the risk of developing on top of a coastal bluff. 

Although bluffs are mapped according to their apparent stability, little is known of the 

factors that control the retreat rate of bluffs (Amos and Sandford, 1987). At the most 

general level, it is not h o w n  whether bluff-retreat rates are controlled by characteristics 

internal or external to the bluff. On one hand, bluff retreat may be dependent solely 

upon the degree of exposure, its orientation, and other external factors. On the other 

hand, internal factors such as surficial geology and land use may be considered the 

primary causes of retreat. The principal goal of this work is to evaluate the influence of 

various internal parameters and external forces on bluff stability in Maine through the 

use of the MGS maps and a geographical information system (GIs). 



Chapter 2 

BACKGROUND AND PREVIOUS WORKS 

2.1. Deglaciation and Sea-Level Changes in Coastal Maine 

Many features of the landscape of coastal Maine and the inner continental shelf 

of the Gulf of Maine are a result of Wisconsinan glaciation, deglaciation, and 

accompanying fluctuations in relative sea-level. At the last glacial maximum between 

20 and 18 kya, the Laurentide Ice Sheet extended into the Gulf of Maine to Georges 

Bank. It became a floating ice shelf by 16 ka, and a calving embayment with a 

tidewater margin by about 15 ka (Hughes et al., 1985, Belknap et al., 1989; Schnitker et 

al., 2001) (Figure 2-1). By 14 ka, the ice margin was located well inland of the present 

Maine coastline @orion et al., 2001 ; Shiver and Borns, 1975). Retelle and Weddle 

(2001) provide a detailed chronology of deglaciation and sea-level changes based on a 

number of radiocarbon dates of marine fauna in the Casco Bay Lowland in south- 

central Maine. They concluded that deglaciation of southern coastal Maine occurred 

between 14 and 13 kya, accompanied by marine submergence of the isostatically- 

depressed region. By 12.8 kya, relative sea-level began to drop as isostatic rebound 

dominated the sea-level signal (Retelle and Weddle, 2001). 

The isostatic loading and subsequent unloading, caused by the weight of glacial 

ice, resulted in large fluctuations of the relative sea level in the area since -14 kya and 

have caused major shifts in the shoreline and changes in the location of and processes in 

sedimentary environments (Belknap et al., 1987; 1989; Barnhardt et al., 1997) (Figure 

2-2). Because ice retreated in contact with relatively deep water, the sea transgressed 

up to the inland marine limit (Figure 2-3) (Thompson and Borns, 1985), allowing 



~i~ure.2-1:  Deglaciation of New England and the Canadian Maritimes from 18 kya 
to the present (modified from Hughes et al., 1985). 
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~ i ~ u r e '  2-2: Relative sea-level changes in Coastal Maine subsequent to Wisconsinan 
deglaciation (modified from Barnhardt et al., 1997). 



Figure 2-3: Inland marine limit during the sea-level highstand ca. 12.8 kya (modified from 
Belknap et al., 1989; after Thompson and Borns, 1985). 



deposition of a locally thick layer of glaciomarine sediments, formally named the 

Presurnpscot Formation by Bloom (1960) distal fi-om the ice margin in areas now 

exposed above present sea level. 

As a result of rapid rebound fiom the unloading of glacial ice, the present 

coastline emerged fiom the sea between 12 and 1 1 ka and deposits of the Presumpscot 

Formation were raised above sea-level (Thompson, 1982). At approximately 10.8 ka, 

the local relative sea-level dropped to an elevation of about 55m below its current level 

(Figure 2-2) (Barnhardt et al., 1997). Evidence for this lowstand exists offshore as of 

submerged shorelines and glaciomarine deltas near the mouths of major rivers such as 

the Kennebec and Menimack. After reaching the lowstand, isostatic rebound slowed 

and eustatic sea-level rise and marine transgression dominated the sea-level record fiom 

about 9.2 ka to the present (Barnhardt et al., 1997). 

2.2. Maine Coast 

2.2.1. Coastal Compartments. 

The configuration of Maine's 5564 lan-long tidally influenced shoreline (Kelley, 

1987) is a result of a complex mix of intrusive, metasedimentary, and metavolcanic 

rocks that crop out along the coast (Osberg et al., 1985). Four individual coastal 

compartments are identified based on this variation (Figure 1-1) (Kelley, 1987; Kelley 

et al., 1989). The southwest (S W), or arcuate embayrnents compartment extends fiom 

the Maine-New Hampshire border to Cape Elizabeth, Maine. It is underlain by 

northeast-striking metasedimentary rocks with several isolated intrusive bodies that 

form resistant headlands. These headlands separate arcuate bays with abundant sand 



beaches and extensive salt marshes. The south-central (SC), or indented shoreline 

compartment, is one of northeast-trending peninsulas with intervening deep estuaries in 

glacially scoured strike-aligned bedrock valleys. It extends for 1627 km from Cape 

Elizabeth to the western margin of Penobscot Bay. The north-central (NC) 

compartment, also called the island-bay complex, is the longest compartment on the 

Maine coast. The total length of this compartment from the western margin of 

Penobscot Bay to the east of Machias Bay is 2448 lan. It is characterized by broad 

estuaries containing numerous granitic islands. The northeast (NE), or cliffed 

compartment, is composed of high cliffs of metavolcanic rocks along the Atlantic coast, 

with a highly indented estuarine region in the Cobscook Bay area. It extends for 677 

lan from the eastern margin of Machias Bay to the Canadian border. 

2.2.2. Indented Embayments Shoreline. 

Deep, narrow, elongate estuaries that lie parallel to the strike of bedrock 

peninsulas characterize the physiography of south-central Maine's Indented 

Embayments Shoreline. High-grade Ordovician metavolcanic rocks underlie the 

western portion of the compartment, where the bedrock of the eastern portion is hlgh- 

grade metasedimentary rock of the same age (Osberg et al., 1985). The bedrock 

framework in this compartment is the primary control on the orientation of coastal 

environmental settings. The north-northeast strike (mean azimuth N 55' E) of the 

elongate peninsulas results in shoreline environments facing WNW and ESE and is 

probably a result of deep glacial scouring in the pre-existing bedrock valleys (Kelley, 

1987). Extensive mudflats and small salt marshes are the principal coastal 



environments in this compartment. They result fi-om the erosion of bluffs that supply 

fine-grained sediment to the flats and provide a substrate for colonization of salt marsh 

vegetation. In areas where salt marshes exist, bluff erosion rates are reduced due to the 

dampening effect the vegetation has on incoming waves (Smith, 1990). The marshes 

themselves, however, can erode as sea level rises and once again lead to increased wave 

attack at the toe of the bluff. Mudflats and salt marshes comprise 49% and 26%, 

respectively, of the compartment's tidally influenced shoreline (Kelley, 1 987). The 

smaller rivers entering Casco Bay provide minor amounts of mud to the intertidal zone 

as they flow through the finer-grained Presumpscot Formation, but are less important 

than bluffs as a sediment source (Hay, 1988; Kelley et al., 1989). 

2.2.3. Estuarine Zonation. 

A generalized model for the sedimentary characteristics of Maine's estuaries 

arose from a number of studies that considered the effects of relative wave energy on 

coastal environments. In a study of the controls and zonation of geomorphology in 

Gouldsboro Bay, Maine, Shipp et al. (1 987) found that the three controls of coastal 

geomorphic distribution within an estuary are the underlying bedrock framework, the 

distribution of glacial sediment, and the present-day coastal processes within the 

embayment. They also were able to show that Gouldsboro Bay displays three distinct 

zones of intertidal coastal geomorphology in accordance with the generalized model of 

Maine's estuaries defined by Dalrymple et al. (1991), Kelley (1987), and Belknap et al. 

(1986) (Figure 2-4). In the most landward zone (Zone I), contributions of sediment 

from rivers, where they exist, are the greatest and the exposure to waves is minimal. 
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Figure 2-4: Generalized model of tripartite zonation in a representative Maine estuary 
(modified from Kelley, 1987). 



This combination allows sediment to accumulate rapidly and permits the establishment 

of wide salt marshes. Wave exposure is greater in the central portion (Zone 11) of the 

estuary. Here, episodic bluff erosion provides most of the sediment to the extensive 

tidal flats of mud or of mixed texture that dominate in the intertidal zone. The exposure 

of bedrock outcrops and small pocket beaches are the most abundant geomorphic 

environments in the seaward portion of the estuary (Zone El). Here, wave energy is the 

most intense, and all but the coarsest sediment has been stripped away. 

2.3 Bluff Erosion Studies 

2.3.1. In Maine. 

In 1983, a landslide in Gorharn, ME raised public awareness of land failures 

within the state (Novak, 1987). Subsequently, a proposal was submitted to the United 

States Geological Survey (USGS) with three major goals: 1) to develop a more 

extensive survey of literature describing Maine landslides, 2) to provide an inventory of 

landslides within the state by means of a questionnaire that was distributed to the 

public, and 3) to acquire geotechnical data of landslides that occurred in the 

Presurnpscot Formation (Novak, 1987). Novak (1987) provided the information 

required for the first two goals. The report generated from the results of the 

questionnaire concluded that the most dominant slide types were earth flows/soil flows 

(36%) and slumps (28%). The report also concluded that the principal material 

involved in the landslides was glacial-marine mud. 

The third goal of the USGS proposal was fulfilled by Amos and Sandford 

(1987). Their report included geotechnical information about two specific slides that 



occurred in the Presumpscot Formation. The first slide was a relatively small rotational 

slide that occurred along the coast, and the second was an extensive retrogressive slide 

that occurred inland, adjacent to a small river (the Gorham, ME slide mentioned 

previously). The intent of their study was to develop "predictive indicators of imminent 

sliding." Through field investigations, field mapping, field and laboratory testing, and 

data analysis, they concluded that 1) the rotational slide occurred in a thick deposit of 

the Presumpscot Formation and was caused by oversteepening fiom wave erosion at the 

toe of the bluff, and 2) low shear strength caused by high pore pressure, and a high 

water content in the clay were the primary factors that caused the inland retrogressive 

slide. 

In his M.S. thesis, Hay (1988) applied the cycle of bluff erosion as a function of 

rising sea-level developed by Kelley and Hay (1986) to the Casco Bay area and 

provided specific locations as examples for each stage (Figure 2-5). The first stage (A) 

shows a steep, unvegetated face of a glaciomarine bluff whose toe is undergoing active 

marine erosion during mean high water. Second, (B) the oversteepening of the face 

leads to a bluff failure in the manner of a rotational slump. The next stage (C) involves 

the colonization by Spartina alterniflora of the landslide debris as it is inundated during 

high tide. In the fourth stage (D), the marsh reaches maturity as Spartina patens 

flourishes and the bluff exhibits a period of stability. With continued sea-level rise, the 

h g i n g  marsh is eroded (E) by wave and tidal action until the toe of the bluff is again 

subject to marine erosive processes and susceptible to failure (Hay, 1988). The time 

fiame for each of these stages is unknown, but is presumed to be on the order of 

decades to centuries (Kelley, pen. comm.). 



Figure 2-5: Stages of bluff erosion and development of a fringing marsh. See text for 
a description of each stage (modified from Kelley and Hay, 1986). 



Smith (1990) examined the characteristics of eroding bluffs in three Maine 

embayments and developed a model that divides and embayment into inner, middle and 

outer zones based on sedimentary environments, energy conditions, and dominant 

processes occurring within each zone (Smith, 1990). She found that the zonation of 

each embayment is dependent upon the bedrock framework, type and abundance of 

glacial deposits, and relative energy conditions within the embayment in terms of the 

degree of exposure to incoming waves (Smith, 1990). 

Kelley and Dickson (2000) introduced a series of maps published by the Maine 

Geological Survey with a 1 :24000 scale that establish where eroding bluffs are located 

along the coast and inform property owners of their relative stability. The nature of the 

intertidal zone directly seaward of the bluff and the relative stability of the bluff were 

the two main variables mapped. These maps are the primary topic of examination in 

thls work and are discussed in greater depth later. 

2.3.2. Outside Maine. 

Many studies of coastal bluff erosion outside Maine focus on bedrock cliffs as 

well as bluffs of unconsolidated sediment. It is important to realize that many of the 

same processes act upon both types of materials, but at different rates. Therefore, 

studies that focus on rock cliffs may be applicable to bluffs. 

In a study of sea-cliff processes and classification along a portion of the 

California coast, Emery and Kuhn (1982) found that varying combinations of marine 

and subaerial erosion, along with the degree of homogeneity of materials that are 

eroded, shape the profiles of sea cliffs. They also determined that sea cliffs undergo 



three main stages: (1) active cliffs are continuously retreating under the influence of 

marine and subaerial erosion; (2) inactive cliffs have talus slopes at their bases that 

commonly support vegetation; and (3) former cliffs are removed from the influences of 

marine processes, and subaerial processes now dominate (Figure 2-6) (Emery and 

Kuhn, 1982). 

Sunamura (1 983) stated that marine erosion at the toe of a cliff is essential for 

continual cliff retreat to occur and that cliff recession is an intermittent and localized 

process (Figure 2-7). The average retreat rate of cliffs or bluffs may appear slow, as 

represented by the straight line in the figure. This behavior, however, is rarely seen. 

Instead, the actual retreat occurs in a series of specific erosion events, either a landslide, 

or the movement of a small block over a short period of time. Until wave or tidal action 

clears the debris that results fiom the event, there is little retreat of the bluff and a 

period of stability is observed. 

In a study of the geological factors that control bluff recession rates along the 

Lake Erie shoreline in Ohio, Mackey and Haines (1 998) found that long-term recession 

rates are controlled by shoreline orientation, bluff composition, and the elevation of 

bedrock with respect to lake level. Because the prevailing winds in their study area are 

ftom the southwest, erosion is enhanced on those bluffs facing west. Bluffs composed 

of glacial-lacustrine sediment exhibit the greatest long-term recession rates, followed by 

glacial diamicts and bedrock. Mackey and Haines (1998) also found that short-term 

recession rates (superimposed upon the long-term rates) are controlled by changes in 

beach width at the toe of the bluff, intensity and direction of individual storms, 

precipitation, and changes in lake-level. 
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EPISODIC BLUFF RETREAT THROUGH TIME 

-- - TIME 

Figure 2-7: Schematic representation of episodic bluff retreat through time (modified 
from Sunamura, 1 983). 



Other studies relating to the processes effecting erosion of sea-cliffs and bluffs 

exist for the Great Lakes (Dawson and Evans, 2001; Bryan and Price, 1980; Carter and 

Guy, 1988), Cape Cod, MA (Geise and Aubrey, 1987), California (Kuhn and Shepard, 

1983; Everts, 1991; Kuhn and Osboume, 1987; Thornton et al., 1987), Oregon (Komar 

and Shih, 1 99 1 ; Shih and Komar, 1994), and Northern Ireland (McGreal, 1 979a; 

1979b). Because sea-cliffs and bluffs occur along -80% of the ocean coasts of the 

Earth (Emery and Kuhn, 1982), in addition to those occurring along the shores of large 

lakes, there are a large number of studies relating to the processes affecting erosion of 

cliffs and bluffs, but to list them all here is beyond the scope of this work. Two 

excellent summaries are Trenhaile (1987) and Sunamura (1992). 

2.4. Erosion of Bluffs by Subsurface Water 

Erosion of bluffs by subsurface water, both above the water table and below, 

occurs in several ways. Spring sapping is a process in which the flow of water that 

emerges on the bluff face undermines portions of the bluff, mechanically loosening 

sediments and causing intermittent landsliding or gullying of the bluff face. Similarly, 

piping occurs when water from rain, irrigation, or septic tanks penetrates into interstices 

in unconsolidated sediment, animal burrows, dessication cracks, or channels left by 

decayed tree roots. These natural drains may enlarge, lengthen, and coalesce and 

significantly contribute to the erosion of the bluff face (Norris, 1990). 

When natural forest cover is removed and replaced with lawns, parks, sports 

fields, and pastures that commonly accompany an increase in suburban or agricultural 

development, the amount of precipitation that infiltrates into the subsurface may 

increase and lead to an acceleration of erosive processes on the bluff face. In a study of 



the environmental performance of land cover types for urban planning in Munich, 

Germany, Pauleit and Duhrne (2000) found that out of 950 rnm of annual precipitation, 

21.4% contributed to infiltration in natural wooded areas. That percentage rises to 

34.3%, 39.0%, and 43.9% when woodlands are replaced with grasslands, arable fields, 

and construction sites, respectively (Pauleit and Duhme, 2000). The effects of watering 

lawns and gardens adds the equivalent of 1800 to 2000 mmlyr of precipitation for 

incorporation into the subsurface water system in communities on the California coast 

(Noms, 1990). In addition, coastal communities are commonly not on sewer lines, and 

considerable quantities of wastewater are disposed of in septic tank systems. Up to 

3000 Vday of wastewater per residence may be discharged into the subsurface, 

contributing to accelerated bluff erosion (Norris, 1990; Lahousse and Pierre, 2003). 

In Maine, rates of groundwater recharge for the major types of surficial geologic 

materials were determined by Gerber and Hebson (1 996). In areas overlain by sand and 

gravel, surface water runoff and subsurface flow are insignificant, and 50-60% of the 

average annual precipitation is incorporated into groundwater aquifers. On the other 

hand, areas overlain by till and glaciomaxine mud is dominated by surface runoff and 

subsurface flow (Figure 2-8) and precipitation is less likely to be available for 

groundwater recharge. Subsurface flow and surface runoff in till and glaciomarine mud 

accounts for about 27-40% and 60% of the average annual precipitation, respectively 

(Gerber and Hebson 1996). 



Figure 2-8: Evidence of subsurface water flow in a highly unstable bluff composed of 
Presurnpscot Formation. Alternating dark and light color layers show a difference in 
water content accociated with differences in grain size. Bunganuc Bluff, Brunswick. 



Chapter 3 

PHYSICAL SETTING 

3.1. Location. 

The Freeport, Maine 7.5' Quadrangle (Figure 3-1) was selected as a study site 

for several reasons: 1) the stability of the bluffs in thls area have been mapped (Bryant 

et al., 1998); 2) it contains a variety of orientations, surficial-material types and bluff- 

stability types; 3) Smith (1990) and Novak (1987) worked here and developed a 

database of bluff-retreat rates and hlstoric landslides; and 4) digital data sets for many 

different parameters exist for this area and are easily obtainable for use in a 

geographical information system (GIs). 

3.2. Climate. 

The humid, north temperate climate of coastal Maine has an average annual 

temperature of 7" C and an average precipitation of 1 12 cm (Lautzenheiser, 1974). The 

prevailing winds in the summer come fiom the southwest and are relatively light. In the 

winter, the winds are generally fiom the northeast (Belknap et al., 1988; Fefer and 

Schettig, 1980). Historical wind speed data fiom the NOAA Portland Buoy 44007 

show that average sustained winds range fiom 15-25 kmlhr for the period fiom 

February 1982 to December 1993 with the highest sustained wind speed of 89 km/hr 

(NOAA, 2002). Tropical storms and hurricanes are rare. Winter storms produce the 

strongest seasonal winds, typically out of the northeast during the passage of an 

offshore low pressure system (Davis and Dolan 1993; Heinze 2001). These winds, 
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Figure 3-1: Location map of study area. Freeport, ME 7.5' Quadrangle. 



greater than 100 kmh,  have the greatest potential for creating large, destructive waves 

(NOAA, 2002; Barnhardt, 1992; Dolan and Davis, 1992). 

3.3. Bedrock Geology. 

The study area is underlain by a complex sequence of metasedimentary and 

metavolcanic rocks of Precambrian to Silurian age (Osberg et al., 1985; Hussey, 1981). 

These rocks primarily include the Casco Bay Group of Precambrian to Ordovician age 

and minor exposures of the Vassalboro Formation of Late Ordovician to Silurian age. 

The Casco Bay Group was regionally metamorphosed and deformed during the Acadian 

Orogeny of Early Devonian time and possibly by a previous Early Ordovician event 

(Hussey, 1981). The portion of the Casco Bay Group observed in the study area 

includes the Cushing Formation, Cape Elizabeth Formation, Scarboro Formation, 

Spurwink Limestone, and Jewel1 Formation (Hussey, 198 1, Osberg et al., 1985). 

3.4. Surficial Geology. 

Till and thin glacial drift, though patchy in their distribution, represent the base 

of the Quaternary section. The fine-grained glaciomarine mud of the Presumpscot 

Formation overlies till or bedrock and is the thickest and most dominant surficial 

deposit in the region (Figure 3-2) (Thompson and Borns, 1985, Weddle 1999a). The 

Presumpscot Formation is composed primarily of silt, clay, and minor amounts of sand 

and gravel. It commonly crops out along the Casco Bay shoreline as high bluffs and is 

thus subject to erosion by marine and subaerial processes. 
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Figure 3-3: Surficial geology of the Freeport, ME 7.5' quadrangle (modified from 
Weddle, 1999b; data courtesy of the Maine Geological Survey). 



3.5. Intertidal Environments. 

The predominant intertidal environment in the study area is mudflat, with minor 

amounts of gravel flats, beach deposits, and salt marshes (Figure 3-3). There are also 

numerous rocky outcrops scattered throughout the region. The mudflats are 

characterized by low-relief deposits of sand, silt, and clay deposited by tidal currents 

and are highly valued for their populations of the soft shell clam Mya arenaria (Timson, 

1983). Gravel flats are composed of coarser-grained sediments and occur along 

shorelines that are exposed to greater tidal and wave energies than finer-grained flats 

(Timson, 1983). Beaches can occur as sand, mixed sand and gravel, or gravel deposits 

that are exposed to higher wave energies and are only partially submerged at mean high 

water. Salt marsh environments consist of peat, mud, or sand flats that are densely 

overgrown with salt-tolerant vegetation such as Spartina aIternij7ora between mean low 

water and mean high water, and Spartina patens situated at or slightly above mean high 

water (Timson 1983). They commonly occur along the mouths of rivers or streams in 

sheltered estuaries. 
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Figure 3-4: Coastal marine geologic environments for the Freeport, ME 7.5' 
Quadrangle (modified from Timson, 1976; data courtesy of the 
Maine Geological Survey). 



Chapter 4 

METHODS 

4.1. Bluff Stability Mapping. 

For the Maine Geological Survey (MGS) bluff stability mapping project (Kelley and 

Dickson, 2000), two features that were mapped along the shoreline were the relative 

stability of bluffs: highly unstable (H), unstable (U), stable (S), or no bluff (N); and the 

nature of the bluff-toe shoreline type: non-vegetated (N), vegetated (V), ledge (L), or 

armored (A). In addition, bluffs exceeding 6.1 m (20 ft.) in height were noted as having 

landslide potential (circled L's on field map (Figure 4-1) (Kelley and Dickson, 2000). 

Mapping took place in a small boat that was able to operate close to shore within a few 

hours of high tide. USGS 7.5' topographic quadrangles were used as a base. 

Boundaries between units drawn on the field map (Figure 4-1) are based on visual 

inspection of the shore fiom the boat and were determined using the following criteria 

fiom Kelley and Dickson (2000): 

Highly unstable bluffs (Figure 4-2) are very steep and sediments are exposed on 

their faces. Often, dead and dying trees are found on the slope and at the toe of 

the bluff. 

Unstable bluffs (Figure 4-3) have gentler slopes and are partially vegetated. 

There are commonly slump scars on the face of the bluff where sediments and 

tree roots are exposed. Mature trees on the slope are bent fiom soil creep. 

Stable bluffs (Figure 4-4) have very gentle slopes with mature vegetation 

completely covering the bluff face. 



Figure 4-1: (A) A portion of the Sargentville, ME field map used for bluff stability mapping. 
(B) Completed bluff map for the corresponding area (Keblinsky et al., 2002). See text for 
descriptions of abbreviations (scale 1 :24,000). 



Figure 4-2: Typical highly unstable bluff with an abundance of exposed sediments and 
unvegetated shoreline. Bluff height approx. 12 m. Bunganuc Bluff, Brunswick. 



Figure 4-3: Typical unstable bluff with patches of exposed sediments and tree roots and 
a mixed eroding salt marsh and unvegetated shoreline (photo courtesy of J.T. Kelley). 



Figure 4-4: Typical stable bluff, with mature trees and grass on the face and an 
unvegetated shoreline. Bluff height approx. 3 m. West shore of Maquoit Bay, Freeport. 



Any area that had only bedrock or less than lm of unconsolidated material was mapped 

as "no bluff." In order to be visible on the map at a scale of 1:24000, each map unit had 

to crop out for at least 45m (Kelley and Dickson, 2000). 

Once the field data were transferred to a clean map, the MGS digitized the field 

data into ArcView GIs. A buffer was created and colors and fill patterns were used to 

represent stability and the shoreline type, respectively (Figure 4-5) (Kelley and 

Dickson, 2000). The final product of this project is a series of 70 x 90 cm sheets, 

including the color map, which takes up approximately 50% of the sheet, a legend 

describing in detail each map unit, color photos depicting examples of the more 

common map units in the study area, and a table of the length of shoreline and stability 

type for each town in the map area (Kelley and Dickson, 2000). In addition, the digital 

Coastal Bluffs and Landslide Hazards (CBLH) dataset was created and made available 

to the author for analysis by the MGS. 

4.2. GIs Analysis. 

The primary methods of data collection, manipulation, and analysis for this 

study involve the use of ArcView and ArcAnfo Geographical Information Systems 

(GIs) produced by Environmental Systems Research Institute (ESRI). Sample points 

were created by Arc/Info DENSIFY command. This program generated points at 

regularly spaced intervals along the coastline to produce an unbiased sample set. The 

new point theme was spatially joined to various data sets (Table 4-1) to assign attributes 

to each data point. The ultimate goal was to create a spreadsheet that tabulated 

measurements for a number of parameters for each sample point (Appendix). The 
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Figure 4-5: Portion of the completed bluff stability map for the Freeport, ME 7.5' 
Quadrangle (Bryant et al., 1998) (scale 1 :24,000). 



measured parameters were: bluff stability, intertidal environment type, intertidal width, 

bluff orientation, exposure, upland type, and surficial geology (Table 4-1). 

High-resolution digital aerial photographs provided by the Maine Department of 

Marine Resources were analyzed in order to create the "upland type" data set. The 

photographs were imported into ArcView and georeferenced to the coastline. A mosaic 

was created for the entire quadrangle (Figure 4-6). The shoreline was then segmented 

according to type of vegetation (forest, grass/agricultural, unvegetated) and degree of 

development (buildings, or no buildings) (Figure 4-7). 

Table 4-1: Sources of GIs Data 

Measured Parameter GIs Coverage used* Source Of Coverage 

Intertidal Zone C M G E ~  It 

-nature I1 I t  

-width 11 11 

Shoreline Orientation Coastline MOGIS(~) 
Shoreline Exposure !I )I 

Upland Type Aerial Photographs MDMR(~) 
Surficial Geology Surficial Geology MGS 

(1 )  Coastal Bluffs and Landslide Hazards 

(2) Coastal Marine Geologic Environments 

(3) Maine Geological Survey 

(4) Maine Office of GIs 
(5) Maine Department of Marine Recources 
* All data were projected to UTM zone 19, NAD 27. 

The width of the intertidal zone, the shoreline orientation and, the degree of 

exposure to incoming waves (fetch) was generated in ArcView using the Coastline 

dataset from the Maine Office of GIs and the Coastal Marine Geologic Environments 



Figure 4-6: Airphoto mosaic of the Freeport, ME 7.5' Quadrangle. (Photos courtesy 
of Maine Department of Marine Resources. Photos taken in the 
spring of 1996). 



Figure 4-7: Examples of upland units shown on aerial photographs. (A) Forest; (B) Forest 
with house; (C) Grass/agricultural; (D) Grass with house. (Photos courtesy of Maine 
Department of Marine Resources.) 



(CMGE) dataset fi-om MGS (Figure 4-8). At each data point (A), a vector was 

constructed normal to the shoreline that extended to the mean low water line (MLW) 

(B). This length was recorded as the intertidal zone width. The vector was then 

extended beyond MLW until it intersected another shoreline or the quadrangle 

boundary (C). This length was recorded as the exposure. The orientation of the bluff at 

the data point was given as the vector's bearing. 

Once all of the data were collected in ArcView for each sample point, a 

spreadsheet was created in Microsoft Excel, and a chi-square statistical analysis was 

performed for each of the measured parameters, as discussed in more detail below. 



Figure 4-8: Cartoon illustration of the steps taken to measure bluff orientation, 
exposure, and intertidal zone width. See text for a description of the individual steps. 



Chapter 5 

RESULTS 

5.1. Bluff Stability Mapping. 

The completed map for the Freeport, ME 7.5' Quadrangle (Bryant et al., 1998) 

was published by the MGS in 1998 and is included at the end of this document. It 

provides not only the bluff stability and shoreline type for the entire study area, but also 

gives the total lengths of each bluff stability type for each town represented within the 

quadrangle boundary (Table 5- 1 ). 

5.2. GIs Analysis. 

The primary result of the GIs portion of this work is the creation of the data 

table provided in the Appendix. Manipulation of that spreadsheet in MS Excel provided 

the results of the statistical analyses that are provided below. 

Table 5-1: ~engthd') of bluff types in the Freeport, ME 7.5' ~uadrangle(~) . 
~ o w d ~ )  

B m c k  
Cumberland 

Freeport 
Harpswell 
Yarmouth 

v 

Total 
71) Lengths are in rmles. 
(2) From Bryant et aL, 1998. 
(3) Distances are only for the portions of the towns that are within the 
quadrangle boundary, not for the entire town or unmapped locations. 

Highly 
unstable 

bluff 
0.9 
0.1 
4.9 
1.2 
0.4 

7.5 

Unstable 
bluff 
2.2 
0.5 
7.2 
4.9 
2.3 

17.1 

Stable 
bluff 
5.8 
1.2 
16.9 
11.4 
1 .O 

36.3 

No bluff 
shoreline 

0.3 
0.5 
7.1 
11.8 
2.3 

22 

Unmapped 
shoreline 

0.1 
0.1 
5.8 
0.9 
0.1 

7.0 



5.3. Statistical Analysis. 

A chi-square ( x ~ )  statistical analysis was used to look for significance within the 

various measured parameters. The purpose of this test is to compare observed counts of 

particular cases to expected counts. For example, if each bluff type (stable, unstable, 

highly unstable, no bluff) were equally likely to occur at any given place in the study 

area, the probability for the likelihood of each category would be 25%. If the null 

hypothesis (Ho) is that out of 403 data points, each stability category were equally 

likely to occur, then the expected value for each category is 100.8. The X2 value is 

calculated using the following formula: 

(observed - ~xpectedy x2 =x 
Expected 

To reject Ho with 95% confidence, the calculated value of X2 must be greater than the 

critical value given in the table of cumulative distribution of X2 at a particular degree of 

fi-eedom value. The critical value for 3 degrees of fi-eedom is 7.81 (Snedecor and 

Cochran, 1967). Using equation 1, the X2 value for the observed occurrence of bluff 

stability types (Figure 5-1) was calculated: 

x2 = (149 -100.8)~ (64 -100.8)2 (36- 100.8)~ (1% - 100.8)~ + + + = 106.3 (Eq. 2) 
100.8 100.8 100.8 100.8 

Here, the null hypothesis that each stability category is equally likely to occur in the 

study area is rejected (i.e., the obtained fi-equencies differ fi-om the expected fi-equencies 

more than would be predicted by chance). As a result, the following proportions for 

stability types were considered the proportions of the population of bluff types and were 

used in each subsequent chi-square tests: S=37%, U=15.9%, H=8.9%, N=38.2%. If the 
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Figure 5-1: Occurrence of bluff stability types in the Freeport, ME 7.5' Quadrangle. 
Data points whose bluff stabilities were not mapped are not included in any of the 
statistical analyses. 



null hypothesis is rejected for any of the categories within each test, then there is some 

unique quality about that particular category that would cause the observations to be 

significantly different fiom what is expected 

5.3.1. Orientation. 

A X2 test was performed for each 45-degree sector of compass bearing to 

determine whether bluff stability categories showed any preferred orientation. The 

critical value of 7.81 was exceeded for three sectors, ranging fiom due east (90') to 

southwest (2250) (Table 5-2; Figures 5-2 & 5-3). In each of these three sectors, higher 

than expected counts for stable, unstable, and highly unstable bluffs were compensated 

for by lower than expected counts for no bluff. 

5.3.2. Exposure. 

The calculated X2 values exceeded the critical value of 7.8 1 for two exposure 

ranges (table 5-3). A higher than expected count for stable bluffs in the 0-1000m range 

and a higher than expected count for highly unstable bluffs in the 2000-3000m range 

Table 5-2: Chi-square test results for bluff orientation. 
&: The total observed population for each orientation category is distributed according to the following 
proportions: ~=37%,  U=15.9%, H=8.9%, N=38.2%. 
Orientation 

(degrees) 
0-44 

45-89 
90-134 
135-179 
180-224 
225-269 
270-3 14 
315-359 

5.19 
2.34 
9.80 
14.52 
19.52 
3.68 
0.29 
0.65 

Observed 

S U H N Total 
11 4 3 3 2 1  
12 5 1 6 2 4  
22 7 5 6 4 0  
27 16 7 9 59 
16 3 8 3 3 0  
6 3 3 3  15 

2 1 8 4 22 55 
19 9 4 16 48 

Expected 

S U H N *  
7.8 3.3 1.9 8 
8.8 3.8 2.2 9.1 
14.8 6.4 3.6 15.3 
21.8 9.4 5.3 22.5 
11.1 4.8 2.7 11.5 
5.6 2.4 1.3 5.7 

20.4 8.7 4.9 21 
17.8 7.6 4.3 18.3 



Ill Observed 

0-44 45-89 90-134 135-179 180-224 225-269 270-314 315-359 
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Orientation (degrees) 
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Figure 5-2: Observed vs. expected results for bluff orientation. (A) Stable bluffs; (B) Unstable bluffs; (C) Highly unstable bluffs; 
(D) No bluff. 



Figure 5-3: Orientations of bluffs expressed as percentages of the total number of 
observations for each stability category. (A) Stable bluffs, n=134; (B) Unstable bluffs, 
n=55; (C) Highly unstable bluffs, n= 35; (D) No bluff, n=68. Dotted lines represent 
expected percentages in each sector. 



(Figure 5-4) suggests that bluffs have a tendency to be more unstable the less they are 

sheltered from incoming wave energy. 

Table 5-3: Chi-square test results for bluff exposure. 
Ho: The total observed population for each exposure category is distributed according to the following 

Exposure (m) 1 Observed 

I S U H N Total 

5.3.3. Width of the Intertidal Zone. 

The critical value of 7.81 was exceeded for three ranges of intertidal zone width 

(Table 5-4). Higher than expected counts for unstable and highly unstable bluffs in the 

narrower ranges are seen along with a higher than expected count for stable bluffs with 

intertidal zone widths greater than 400 m (Figure 5-5). 

Table 5-4: Chi-square results for intertidal zone width. 
H,,: The total observed population for each intertidal zone width category is distributed according to the 
following proportions: S=37%, U=15.9%, H=8.9%, N=38.2%. 

10.83 
11.95 
6.88 
2.93 
10.54 

Expected 

S U H N x 2  
70 30 16.8 72.2 

16.3 7 3.9 16.8 
7.4 3.2 1.8 7.6 
4.4 1.9 1.1 4.6 
9.6 4.1 2.3 9.9 

Intertidal Width (m) 

0- 100 
101-200 
20 1-300 
301-400 

>400 

Observed 

S U H N Total 
73 40 23 53 189 
26 6 5 7 4 4  
12 2 3 3 2 0  
5 3 2 2 1 2  
17 4 2 3 2 6  
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5.3.4. Nature of the Intertidal Zone. 

Higher than expected counts for highly unstable bluffs and no bluff are seen for 

ledge environments, while observations of stable bluffs are much higher than expected 

for salt marsh environments (Table 5-5; Figure 5-6). Although the critical value for 

95% confidence was not exceeded for the beach or mudflat categories, higher than 

expected counts for highly unstable bluffs are seen for both of these environments. 

5.3.5. Upland Type. 

The critical value was exceeded for four out of the five categories that were 

analyzed (Table 5-6; Figure 5-7). The higher than expected number of highly unstable 

bluffs for forested bluffs with a house built upon it suggests that building a house on a 

previously undisturbed portion of the shoreline promotes bluff instability. There is also 

a much higher than expected count of stable bluffs in areas that are developed with 

houses and lawns. 

Table 5-5: Chi-square results for intertidal environment. 
I&: The total observed population for each intertidal environment category is distributed according to the 
following proportions: S=37%, U=15.9%, H=8.9%, N=38.2%. 
Intertidal Environment 

Beach 
Mudflat 

Salt Marsh 
Ledge 

Observed 

s u H N ~ o t a l  
5 1 4 11 21 
15 5 4 7 31 
17 1 1 4 23 
24 19 17 67 127 

Expected 

s U H N X *  
7.8 3.3 1.9 8 
11.5 4.9 2.6 11.8 
8.5 3.7 2 8.8 
47 20.2 11.3 48.5 

6.05 
3.77 
13.59 
21.27 







5.3.6. Surficial Geology. 

Table 5-6: Chi-square results for upland type. 
Ho: The total observed population for each upland type category is dutributed according to the following 
proportions: S=37%, U=15.9%, H=8.9%, N=38.2%. 

Because there were many observations of zero for the more specific surficial 

Upland Type 

Forest 
Forest w/ house 

Grasdagricultural 
Grass w/ house 

UnvegetatedhocWother 

geologic units, the categories were condensed into glaciomarine deposits, which 

includes the Presurnpscot Formation and subaqueous fan deposits, and glacial driW 

beach deposits, which includes thin drift, till, and sand and gravel beaches. In both 

9.16 
22.17 
5.26 
22.2 
51.78 

Observed 

S U H N Total 
73 49 22 72 216 
7 2 8 4 2 1  
18 5 3 7 3 3  
32 6 2 6 4 6  
19 2 ' 1 65 87 

categories, the critical value was exceeded (Table 5-7). 

Expected 

S U H N *  
80 34 19 83 
7.8 3.3 1.9 8 
12.2 5.2 2.9 12.6 
17 7.3 4.1 17.6 

32.2 13.8 7.7 33.2 

Table 5-7: Chi-square results for surficial geology. 
a: The total observed population for each intertidal environment category is distributed accordmg to the 
following vrovortions: S=37%, U=15.9%, H=8.9%, N=38.2%. 
I Surficial Geology 1 Observed 1 Expected I I 

I Glacial driftheach 1 61 47 18 67 193 1 71.4 30.7 17.2 73.7 1 10.8 1 
Glaciomarine deposits 

5.3.7. Averages. 

Average values for exposure, intertidal width, and orientation were calculated 

for each bluff stability type (Figure 5-8). Stable bluffs have an average exposure of 

1140 m (* 1434 m), 170 m (* 225 m) intertidal zone, an orientation of 184" (south) (5 

S U H N Total 
68 14 13 9 104 

S U H N *  
38.5 16.5 9.3 39.7 48.2 



~ i ~ u &  5-8: . cartoon ill~stratio~ depicting average' values of exposure,' intertidal' width, 
and orientation.' ' (A)' Stable bluffs;' (B)' unstable' bluffs;' (c)' ~ighly' unstable bluffs;' 
(D)'NO' bluff' (Vertical' axis not to scale). 



96'). The average unstable bluff has 1596 m (* 147 1 m) of exposure, 1 17 m (* 174 m) 

intertidal zone, and an orientation of 187' (south-southwest) (* 97'). Highly unstable 

bluffs average 2054 m (* 1924 m)of exposure, 1 13 m (* 146 m) intertidal zone, and are 

oriented at 191' (south-southwest) (* 90'). Areas with no bluff have an average 

exposure of 1456 m (* 1534 m), 87 m (* 167 m) intertidal zone, and an orientation of 

233' (west-southwest) (* 103'). 



Chapter 6 

DISCUSSION 

6.1. External controls on bluff stability. 

Several authors discuss the importance of external forces that affect the stability 

of coastal bluffs and cliffs (Griggs and Savoy, 1985; Carter et al., 1987; McGreal, 

1979a) and agree that the primary external mechanism for decreasing the stability of 

bluffs is erosion at the base by direct wave attack. Along the coast of California, Griggs 

and Savoy (1985), state that bluff and sea cliff retreat is a result of the removal of 

protective beach material at their bases by highly energetic winter storm waves. Carter 

et al. (1987) also believe that beach width is critically important for the protection of 

bluffs along the coast of Lake Erie, and that wave energy (wave height) is crucial 

because the magnitude of wave energy in their study was proportional to the severity of 

erosion along the shore (Carter et al., 1987). The magnitude of wave energy at any 

given point along the coast is a function of the intensity, duration, and fetch of the 

winds. The orientation of the shoreline with respect to prevailing and storm wind 

directions is, thus, also an important factor in determining the amount of wave energy 

that is able to attack a particular portion of the coast. 

Interpretation of the chi-square results reveals a strong tendency for higher 

instability for bluffs facing towards the south and east, and more stability (or no blufl) if 

the coastline faces towards the north and west. Approximately 40% of highly unstable 

bluffs face between 135" and 225" and almost 30% of unstable bluffs face between 135" 

and 180" (Figs. 5-2,5-3). These observations are explained by a combination of 



prevailing and storm wind directions, and by the orientation of the shoreline as a result 

of bedrock framework. Prevailing winds in the summer and winter are from the 

southwest and northwest, respectively (Belknap et al., 1988; Fefer and Schettig, 1980). 

However, the strongest winds occur during northeast storm events. These easterly 

winds have the greatest potential for generating large, destructive waves. It is 

reasonable to conclude that a bluff is more likely to be unstable or highly unstable, 

rather than stable, if it is exposed to greater incoming wave energy. The observed vs. 

the expected samples of bluff exposure (Figure 5-4) show a significantly greater 

percentage of stable bluffs with exposures less than 1 km (65%), while unstable and 

hghly unstable bluffs have greater than expected percentages in all categories greater 

than 1 km (55% and 66%, respectively). 

Although bluffs that face to the east are relatively sheltered as a result of the 

northeast-southwest trending peninsulas in the study area, the larger waves generated 

during northeast storms have sufficient energy to increase erosion at the bases of these 

bluffs and decrease their stability. In the Freeport Quadrangle, the average exposure of 

bluffs facing towards the east is approximately 1 km. If the average wind speed during 

a typical northeast storm is 74 kmlhr (40 knots), the maximum wave height generated is 

0.8 m (Komar, 1976). There are, however, 27 sample pointsthat face in an easterly 

direction that have exposures greater than 1 km, with a maximum exposure of 4.6 km. 

Here, the maximum generated wave height is 1.2 m. Sixteen of these samples have 

ledge shorelines, indicating that marine processes have removed the sediment in the 

intertidal zone as a result of the elevation of the bedrock with respect to sea-level. 

There is also one stable bluff with an exposure greater than 4 km that faces to the east, 



however, it is armored with an engineering structure at the toe of the bluff, indicating 

instability prior to the construction of the structure. 

The bluffs that face in a southerly direction are subject to more fiequent wave- 

attack as a result of the longer-duration, though slower speed southwest winds during 

the summer months. The average southerly exposure in the Freeport Quadrangle is 1.5 

km, with a maximum exposure of 7.4 km, and an average wind speed of 28 lan/hr (1 5 

knots) out of the southwest in the summer generates an average of 0.3 m waves, and a 

maximum of 0.45 m waves. While these wave heights may appear small, they do have 

a high potential for bluff erosion, especially when the duration of wave attack is taken 

into consideration. For example, if the toe of a bluff is in contact with the water surface 

for a large portion of the tidal cycle, the constant battering of the bluff surface by these 

smaller waves decrease the bluff stability. 

The width of the intertidal zone and the type of intertidal environment each play 

an important role as external controlling factors for bluff stability. Unstable and highly 

unstable bluffs both have greater-than-expected percentages (73% and 66%, 

respectively) for intertidal widths less than 100 meters, while 17 out of 23 bluffs with 

intertidal widths greater than 400 meters are stable (Figure 5-5). There were no 

observed highly unstable bluffs with intertidal widths greater than 600 meters, while 

only stable bluffs have intertidal widths greater than 1 kilometer (Appendix). This 

suggests that that the shorter the width of the intertidal zone, the more susceptible a 

bluff is to erosion by marine processes because the width and elevation of the intertidal 

zone determines the wave height and duration of wave attack over a tidal cycle, 



respectively. This also suggests that sediment eroding fiom highly unstable bluffs does 

not remain on an adjacent tidal flat (Smith, 1990). 

There are several correlations between intertidal environment and bluff stability 

(Figure 5-6). The lack of a salt marsh in the intertidal zone leads to greater instability of 

bluffs. Unstable and highly unstable bluffs are more likely to have an unvegetated 

intertidal zone such as ledge, mudflat, or low-energy beach deposits. An abundance of 

salt marsh vegetation, such as Spartina alternzfora and Spartina patens, on a flat slope 

near MSL to MHW, has a tendency to dampen the effects of wave action on the shore. 

The absence of such vegetation at the base of a bluff allows more energetic waves to 

attack the toe of the bluff. The presence of a mudflat or other unvegetated intertidal 

zone in front of an eroding bluff is associated with greater instability due to accelerated 

erosion by wave attack, therefore reducing the stability of the bluff. 

6.2. Internal controls on bluff stability. 

Several studies are concerned primarily with internal processes that cause 

increased erosion rates on coastal bluffs (McGreal, 1979b; Terich, 1987), and others 

that examine a combination of both internal and external characteristics (Kuhn and 

Shepard, 1983; Griggs et al., 1985; Carter et al., 1987). In a bluff erosion study in 

Northern Ireland, McGreal(1979b) concluded that increased slope instability is a result 

of the reduction of the strength of geologic materials caused by elevation of the 

groundwater table during times of increased rainfall. Terich (1 987) concluded that, in 

Puget Sound, WA, bluff instability is most influenced by the geologic material, and the 

water within and on the surface of the bluff, while wave erosion is less important due to 



the relatively sheltered nature of the Sound. Bluffs in this area are more stable when 

they are dry than when saturated with groundwater and by human activities such as 

watering lawns, cutting and clearing natural vegetation, and diverting water onto the 

surface of the bluffs fiom rooftops, pavement, and sewers, increase the amount of water 

in the bluff and promote slope instability. 

Two internal characteristics of bluffs that were examined in this study are 

human activities on top of bluffs in terms of land use in the upland, and the surficial 

geological materials that comprise the bluffs. The initial hypothesis was that the more 

intense the development, in terms of clearing natural vegetation and building structures 

on top of a bluff, the greater tendency for instability. This assumed that a forested 

upland is the natural state of bluffs and would tend to be more stable. The chi-square 

results, however, reveal that slightly higher-than-expected percentages of unstable and 

highly unstable bluffs have forested uplands. Seventy-six percent of unstable bluffs and 

61% of highly unstable bluffs were observed to have forested uplands while the 

expected percentages were 53% for each (Figure 5-7). Houses on bluffs without cleared 

vegetation show significantly more highly unstable bluffs than expected (22% observed 

versus 5.3% expected), while stable and unstable bluffs show no strong association. 

Land that is cleared of trees, yet remains vegetated with grass or crops, tends to show 

greater stability, but this trend is not very significant. In fact, the "grass/agricultural" 

category was the only land-use category in which the null hypothesis was not rejected 

for upland type. There are an anomalously large number of stable bluffs associated 

with the grass-with-house category, which is the opposite of what was initially 

hypothesized. Further investigation, however, revealed that 19 out of the 32 stable 



bluffs in this category were armored at the shoreline with some type of engineering 

structure (Appendix 1). The presence of armoring suggests that these shorelines were 

once subject to erosion and would probably have been mapped as unstable or possibly 

highly unstable had the structure not been present at the time of mapping. Field 

inspection (Figure 6-1) further supports the suggestion that armored but stable bluffs 

were once subject to an unstable period before the engineering structures were 

emplaced. The significantly higher than expected percentages of no bluff (42% 

observed versus 22% expected) in the "unvegetatedlrocWother" category is a result of 

the numerous rocky outcrops scattered throughout the study area. 

The types of surficial geologic material that were examined in this study are 

glaciomarine deposits as characterized by the Presumpscot Formation, and glacial 

drWbeach deposits, which include thin drift, till, and sand and gravel beach deposits. 

The bluffs that are composed of glaciomarine mud were expected to exhibit the same 

distribution of stability types that was used for each chi-square test. The results, 

however, show that there is a significantly greater number of stable bluffs observed than 

what was expected (38.5). Out of 104 observations of bluffs composed of glaciomarine 

mud, 68 of them are mapped as stable. Bluffs of the Presumpscot Formation may 

appear to be stable for long periods, and then fail with little or no warning by slumping 

or blockfalls. It is easy for grass and shrubs to grow on the faces of these bluffs and 

give the appearance of stability at the time of mapping. The April 1996 landslide that 

occurred in Rockland, ME Perry et al. 1996) occurred in an area that was mapped as 

unstable (Kelley and Dickson, 2000). There were mature trees and shrubs growing on 

the face of the bluff, however, there was evidence of soil creep occurring in this area. 



Figure 6-1: Newly constructed shoreline armoring on a developed bluff. This bluff was 
originally mapped as highly unstable. Now, the bluff face is completely armored and 
would be mapped as having no bluff present. Flying Point Neck, Freeport. 



The top portion of the Presumpscot Formation is often vertically jointed because 

of desiccation. If a buildup of water pressure in these joints occurs after rainy periods 

or snowmelt, then the probability of failure can increase significantly (Amos and 

Sandford, 1987). Bluffs composed of the Presumpscot Formation also tend to be more 

susceptible to erosion by a combination of wave action at the toe and groundwater 

seepage, as opposed to subarea1 erosion such as surface runoff (Kelley et al., 1987) 

There were a significantly higher number of bluffs made of glaciomarine deposits that 

were mapped as highly unstable than were expected. It is common for this type of 

material to exhibit steep, unvegetated faces, and to have very high tops that are at risk of 

landsliding (Dickson, 2001). 

Bluffs composed of glacial drift such as till, thin drift, and beach deposits, are 

often likely to show signs of instability. These deposits have higher sand, gravel, and 

cobble contents, tend to erode in a "grain-by grain" fashion, and appear more 

susceptible to erosion by subarea1 processes such as rain spatter and surface runoff. In 

addition, it may be difficult to establish mature vegetation on these bluffs because of the 

higher porosity and lower cohesiveness of this material (Kelley, pers. cornrn.). The 

number of unstable bluffs observed in the "glacial driftheach deposits" category was 

greater than expected (Table 5-4). 

6.3. Extreme cases of bluff erosion. 

There are several portions of the shoreline within the Freeport Quadrangle that 

are significant because they represent areas in which the bluffs are unusual compared to 

the average bluffs. With the exception of one of the following bluffs, (Little Flying 



Point north) there are some similarities associated with these bluffs in that they are all 

oriented in generally the same direction (southeast to southwest), they are each well 

exposed to incoming waves because they face almost directly down the axes of the bays 

in which they lie, they all have narrow intertidal zones, and they are all composed of the 

Presumpscot Formation. The degree of development on each bluff varies, but they are 

all affected by human activities to some extent. 

6.3.1. Bunganuc Bluff. 

Bunganuc Bluff is located on the northeastern comer of the Freeport Quadrangle 

near the head of Maquoit Bay in the town of Brunswick (Figures 6-2,6-3). It is 

approximately 12 meters high and 670 meters long with a nearly vertical face (Devin 

and Sandford, 1990). This bluff is subject to fiequent slumping and blockfalls, and is 

one of the most highly unstable bluffs in Maine (Kelley et al., 1989). The short-term 

average annual erosion rate measured over 3 years by Smith (1990) is 0.45 m/yr * 0.16 

and the long-term rate for the period from 1940 to 1986 is 0.58 m/yr * 0.15 (Smith, 

1990). It has approximately 7.4 km of exposure with an orientation of 201'. It has a 

110 m intertidal zone that is composed of low-energy beach deposits at the toe of the 

bluff with a mudflat farther seaward. Development on top of this bluff consists of low- 

density residential housing with some cleared trees and lawns. The only portion of this 

bluff that exhibits evidence of stability is armored with riprap that was accidentally 

emplaced after mapping (Figure 6-4). Rocks were placed at the top of the bluff for 

landscaping purposes, and then their weight caused a landslide. They were then piled 

up at the toe of the bluff as armor (Kelley, pen. comrn.). Because the toe of the bluff is 
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Figure 6-2: Location of Bunganuc Bluff. 



Figure 6-3: Eroding bluff at Bunganuc Bluffs, Brunswick, ME. 



Figure 6-4: Eastern end of Bunganuc Bluff. This portion of the bluff is stable due to 
the presence of riprap armor at its base. 



in contact with water at MHW, it is subject to continuous marine erosion and 

oversteepening due to undercutting, thus resulting in slumping (Smith, 1990). 

Groundwater seepage is evident during wet periods through springs on the face of the 

bluff, which cause significant subaerial erosion (Figure 2-8). This bluff has all of the 

ingredients associated with high instability, and both internal characteristics and 

external forces play major roles in keeping this bluff highly unstable. It is also exhibits 

the step-wise retreat pattern demonstrated by Sunamura (1 983) (Figure 2-6) for the 

erosion of cliffed and bluffed coasts with periods of rapid erosion separated by periods 

of little or no retreat when landslide deposits protect the bluff (Smith, 1990). 

6.3.2. Little Flying Point. 

Little Flying Point is located on the western shore of Maquoit Bay in the town of 

Freeport (Figure 6-5). It is a peninsula that is attached to a small island by a causeway 

constructed of granite blocks. Both the north (Figure 6-6) and south (Figure 6-7) 

portions of Little Flying Point are experiencing active bluff erosion that may be 

associated with the construction of the causeway and the development of a campground 

on the point (Smith, 1990). Although the southern portion has a greater exposure (3.8 

lun) than the northern portion (2.1 km), the bluff on the north side exhibits a greater 

short-term erosion rate than the south. In fact, the bluff on the north side of Little Flying 

Point had the greatest short-term erosion rate (1.08 mlyr * 0.25) in Casco Bay as 

measured by Smith (1 990). Because of the presence of the causeway and because the 

bluff faces to the ENE, waves generated during northeast stoms tend to be focused on 

the north side of Little Flying Point, thus decreasing the stability of the bluff. 
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Figure 6-5: Location of Little Flying Point. 



Figure 6-6: Eroding bluff on the north side of Little Flying Point, Freeport. 



Figure 6-7: Eroding bluff on the south side of Little Flying Point, Freeport. 



The bluff on the south side of Little Flying Point also exhibits high instability, 

however the short-term retreat rate is considerably less than the north (0.01 m/yr * 0.02) 

(Smith, 1990). The orientation of this bluff is to the SSE (175") with an exposure of 3.8 

km and a 18 1 m wide mudflat in the intertidal zone. There are some minor areas of an 

eroding salt marsh in the intertidal zone and those portions of the bluff landward of the 

marsh exhibit signs of stability (Smith, 1990), suggesting that the nature of the intertidal 

zone is a controlling factor of the stability of the bluff in this area. However, this marsh 

rests on a landslide deposit (Kelley, pers. comm.) and therefore the bluff is in a stage of 

stability as demonstrated by the evolutionary cycle of bluff erosion as demonstrated by 

Kelley and Hay (1 986) (Figure 2-5). Increased erosion fiom surface runoff is a result of 

the construction of the campground which cleared off most of the trees, established 

lawns, and emplaced subsurface drainage pipes that discharge onto the bluff face 

(Smith, 1990). Human activities on Little Flying Point appear to have had the greatest 

influence on the stability of the bluffs in this area, although contributions to instability 

fiom orientation and exposure also play a major role. 

6.3.3. Little River. 

The bluff at Little River is located to the west of the mouth of the Little River in 

Freeport and is at the head of the bay bounded to the west by Wolf Neck and to the east 

by Flying Point Neck (Figure 6-8). It is fionted by a 32 m eroding salt marsh with 

wide, shallow mud flat seaward of the marsh (Timson, 1983). The upland portion of 

this bluff is farmland and has been so since at least 1940 (Smith, 1990). The presence 

of a scarp and shrub vegetation on the face allowed for it to be originally mapped by 
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Figure 6-8: Location of the bluff at Little River. 



Bryant et al. (1 998) as unstable, but as a result of a recent slumping event, is now highly 

unstable (Figure 6-9). The short-term erosion rate for the slump deposits at the toe of 

this bluff is 0.82 mlyr * 0.25 (Smith, 1990). Because the toe of this bluff is occupied by 

a salt marsh, and is not as prone to rapid undercutting at the toe by marine processes 

(except possibly during spring tides or as a result of storm surge), it is reasonable to 

conclude that internal characteristics and processes occurring in the upland, whether 

natural or human influenced, are primarily responsible for the instability of this bluff. 

6.4. Application to the Remainder of Maine's Coast. 

The procedures used in this study for measuring the different parameters that 

contribute to instability of bluffs in the Freeport, ME 7.5' Quadrangle are applicable to 

the remainder of the coast of Maine. The coast has a variety of orientations and 

exposures in each of the coastal compartments (Kelley, 1987). In the SW and the NE 

compartments, bluff erosion is of less importance than in the SC and the NC 

compartments. In the remainder of the indented embayments (SC) compartment to the 

east of Casco Bay, the estuaries and embayments become narrower, more irregular, and 

more elongate and the orientation of the bedrock strike becomes more north to south. 

Here, the coastline is more sheltered and it is likely that erosion by marine processes is 

of less importance than subaerial erosion. In the island-bay complex (NC), the highly 

exposed nature of the shorelines in the large bays and islands results in the likelihood of 

greater marine erosion of bluffs as well as subaerial erosion fiom surface water runoff 

and subsurface flow of groundwater. Subaerial erosion in the NC compartment may be 



Figure 6-9: Eroding bluff on the west side of the mouth of the Little River, Freeport. 



most significant compared to marine erosion in areas where there are protected harbors, 

such as in Rockland on the southwestern shore of Pencobscot Bay. 



Chapter 7 

CONCLUSIONS 

The goal of this work was to determine the characteristics of bluffs that would 

cause them to be stable, unstable, or highly unstable. External characteristics, such as 

shoreline orientation, degree of exposure to incoming waves, width of the intertidal 

zone, and the type of intertidal environment, all contribute to determine the magnitude 

of marine erosion at the base of a bluff. Internal characteristics, such as the type of land 

use on top of a bluff, and the type of geologic material that it is composed of, contribute 

to the severity of subaerial erosion of the bluff as they affect how water moves on the 

surface and through the subsurface. 

The average orientation of highly unstable bluffs in the Freeport quadrangle is to 

the southwest (191') with an average exposure of 2054 m. These bluffs are commonly 

located at the heads of bays, formed by the orientation of the elongate peninsulas in the 

region, or anywhere there is a high degree of exposure to incoming wave energy. The 

average width of the intertidal zone is 1 13 m and it is most commonly unvegetated 

ledges, mudflats, or low-energy beach deposits. The relatively narrow, unvegetated 

intertidal zones allow more energetic waves to attack the bases of highly unstable 

bluffs. The uplands are commonly forested, but partial clearing of vegetation and the 

construction of houses contributes to higher instability. 

Unstable bluffs have some similar characteristics of highly unstable bluffs, but 

to a lesser degree. On average, they, like highly unstable bluffs, also face to the 

southwest (1 87'). However, many unstable bluffs face to the southeast. Their average 



intertidal width is 11 7 m with rock ledge or mudflat as the most usual type of intertidal 

environment. An undeveloped forested area is the most common type of land cover on 

the upland portion of unstable bluffs. 

Stable bluffs have a variety of orientations, with an average orientation to the 

south (1 84'). Stable bluffs are more sheltered than unstable and highly unstable bluffs 

with an average exposure of 1 140 m. Wide intertidal zones (1 70m average) composed 

of salt marsh vegetation are typical and result in less erosion by wave attack at the toe 

of stable bluffs. Stable bluffs are often forested or have grassland or agricultural fields 

in the upland. There are many bluffs mapped as stable that have houses and lawns in 

the upland, however more than half of them have some type of shoreline armoring 

structure at their bases, indicating a period of instability prior to the emplacement of the 

structures. 

Areas where no bluffs exist are most commonly bare rock outcrops on the 

seaward ends of the peninsulas and on outlying islands. In these areas, wave energy is 

greatest as a result of high degrees of exposure. Any sediment that has accumulated in 

the past has been stripped off the ledges and removed fi-om the coastal system. 

The procedures used in this work are applicable to any portion of coastline, 

particularly in areas where there are a variety of orientations and exposures. Further 

work is needed to apply these procedures to the remainder of the coast of Maine in 

order to build a model that can be used to predict where chronic bluff erosion is and will 

continue to be a problem, and to use this information to assist in the creation of 

legislation to regulate development in these areas. 
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Appendix 

DATA TABLE GENERATED BY GIs ANALYSIS 



Appendix 1 : Data table generated by GIs analysis. 

SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (deg) 
1 S V 10 Presumpscot Formation 

Mudflat 
Mudflat 

Salt Marsh 
Subtidal 

Salt Marsh 

Salt Marsh 

Salt Marsh 

Beach deposits 
Salt Marsh 

Man-Made Land 
Ledge 

Salt Marsh 
Salt Marsh 
Salt Marsh 

Ledge 
Salt Marsh 

Mudflat 
Subtidal 
Mudfiat 
Subtidal 

0 

Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Salt Marsh 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot FmlMarine Fan 
Presumpscot Formation 
Presumpscot Formation 
Salt Marsh 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Artificial Fill 
Presumpscot Formation 
Salt Marsh 
Salt Marsh 
Salt Marsh 
Presumpscot Formation 
Salt Marsh 
Rock 
Salt Marsh 
Presumpscot Formation 
unknown 
Presumpscot Formation 
unknown 
Salt Marsh 
Thin Drift 

off edge of map 

off edge of map 

rock 

off edge of map 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATiO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

Salt Marsh 
Ledge 

Subtidai 
Subtidal 

Salt Marsh 
Mudflat 

Mudflat 

Mudflat 

Mudflat 
Mudflat 

0 
Ledge 

Salt Marsh 

Mudflat 
Ledge 
Mudflat 

0 
Ledge 
Mudflat 

Thin Drift 
Sait Marsh 
Presumpscot Formation 
Salt Marsh 
Salt Marsh 
Presumpscot Formation 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Presurnpscot Formation 
Thin Drift 
Presumpswt Formation 
Presumpscot Formation armored 
Salt Marsh 
Presumpscot Formation 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation 
Presurnpscot Formation 
Rock rock 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation endpoint 
Presumpscot Formation off edge of 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Sait Marsh 
Presumpscot Formation 
Thin Drift 
Presumpscot Formation 

' map 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (dW) 
71 S V 151.60 151.60 31.57 1 Coarse-grained flat Presumpscot Formation 

Presumpscot Formation 
Ledge Presumpscot Formation 

Salt Marsh 
Salt Marsh 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Salt Marsh 

Salt Marsh Artificial Fill 
Salt Marsh Presumpscot Formation 
Salt Marsh Artificial Fill 

Thin Dn'ft 
Artificial Fill 

Beach deposits Rock 
Salt Marsh Artlflclal Fill 

Presumpscot Formation 
Mudflat Salt Marsh 

Thin Drift 
Ledge Thin Drift 
Mudflat Salt Marsh 

Thin Drift 
Ledge Presumpscot Formation 
Ledge Thin Drift 

Salt Marsh 
Mudflat Presumpscot Formation 

Artificial Fill 
Salt Marsh Presumpscot Formation 
Salt Marsh Artificial Fill 

Mudflat Rock 
Coarsegrained flat Salt Marsh 

Beach deposits Thin Drift 
Thin Drlft 

Ledge Thin Drift 

off edge of map 

not mapped 
off edge of map 
armored 
duplicate see 82 

armored 
rock 
armored 

not mapped 

not mapped 

armored 
not mapped 

armored 

armored 
rock 

endpoint 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (deg) 
106 115.10 115.10 147.87 1 Salt Marsh 

Ledge 

Ledge 
Mudflat 

Coarsegrained flat 
0 

Beach deposits 
Beach deposits 

Ledge 

Ledge 
Ledge 
Ledge 

Beach deposits 

Mudflat 
Salt Marsh 

Mudflat 
Man-Made Land 

Mudflat 
Ledge 

Thin Drift 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation 
Thln Drift endpolnt 
Presumpscot Formation 
Presumpscot Formation 
Rock 
Thin Drift off edge of map 
Presumpscot Formatlon 
Thin Drift 
Presumpswt Formation 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Rock rock 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Thln Drift 
Thin Drift endpoint 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Thin Drift 
Presumpscot FmlMarine Fan 
Presumpscot Formation 
Thin Drift 
Presumpswt Formation armored 
Rock 
Presumpscot Formation 
Salt Marsh 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORIENTATIO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

Ledge 
Ledge 

Ledge 
Ledge 

Salt Marsh 

Salt Marsh 
Mudflat 

Ledge 

Mudflat 

Ledge 

Ledge 

0 
Salt Marsh 

Ledge 
Ledge 

Salt Marsh 
Ledge 

Salt Marsh 
Ledge 

Rock rock 
Rock 
Presumpscot FmlMarine Fan armored 
Thln Drift 
Rock 
Thin Drift 
Salt Marsh 
Thin Drifl 
Thin Drifl 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Rock 
Thln Drift 
Salt Marsh 
Thin Drift 
Rock 
Thln Drift 
Presumpscot Formation 
Presumpscot Formation 
Salt Marsh 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation 
Rock 
Thin Drift 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Salt Marsh 
Thln Drift 

rock 
endpoint 

off edge of map 

armored 
rock 

rock 
rock 

rock 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE 
176 H L 
177 N L 
178 S N 
179 U N 
180 S A 
181 U L 
182 U L 
183 U N 
184 H L 
185 N L 
186 N L 
187 U V 
188 N X 
190 H L 
191 U L 
192 N X 
193 H L 
194 S N 
195 U L 
196 H L 
197 S V 
198 H L 
199 U L 
201 H L 
202 N L 
203 H L 
204 N X 
205 N X 
206 N X 
207 N L 
208 N X 
209 N X 
210 U L 
21 1 U L 

2 Beach deposits 
1 
1 
4 
4 
1 
1 
1 
1 Ledge 
1 
1 Ledge 
4 Mudflat 
9 Ledge 
1 Mudflat 
1 
9 Ledge 
1 Ledge 
4 
4 
9 Ledge 
2 Subtidal 

2 Ledge 
1 
1 
1 Ledge 
1 
2 Subtidal 
9 Ledge 
9 Subtidal 
9 Ledge 
9 Mudflat 
9 Ledge 
3 
3 Ledge 

Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Thin Drift 
Rock 
Rock 
Thin Drift 
Rock 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Rock 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Rock 
Rock 
Rock 
Rock 
Rock 
Rock 
Presumpscot Formation 
Presumpscot Formation 

armored 

off edge of map 

rock 

off edge of map 
rock 

rock 
rock 

rock 
rock 

duplicate 21 0 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORIENTATIO UPLAND-CODE INT-TYPE SURFlCiAL GEOLOGY COMMENT 

TYPE (m) (m) (deg) 
9 Subtidal 

Mudflat 

Ledge 
Ledge 
Ledge 

Ledge 

Ledge 
Ledge 

Salt Marsh 

Ledge 
Salt Marsh 

Mudflat 
Ledge 
Ledge 
Ledge 
Ledge 
Ledge 
Ledge 
Ledge 

Ledge 

Ledge 
0 

Rock 
Presumpscot Formation 
Rock 
Presumpscot Formation 
Thin Drlft 
Thin Drifl 
Thin Drifl 
Rock 
Thin Drlfl 
Thin Drlft 
Presumpscot Formation 
Thin Drlfl 
Rock 
Presumpscol Formation 
Presumpscot Formation 
Salt Marsh 
Thin Drift 
Presumpscot Formation 
Salt Marsh 
Thin Drifl 
Presumpscot Formation 
Rock 
Rock 
Thin Drift 
Rock 
Rock 
Thin Drift 
Presumpscot Formation 
Thln Drlfl 
Rock 
Presumpscot Formation 
Thin Drlfl 
Thin Drift 
Thin Drift 

rock 

duplicate 218 
rock 

rock 

rock 
rock 

rock 
rock 

armored 

rock 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORIENTATIO UPLAND-CODE INT-TYPE SURFICIAL GEOLOGY COMMENT 

TYPE (m) (m) (deg) 
248 381.97 2159.72 155.79 4 Presumpscot Formation 

Ledge 
Beach deposits 

Ledge 
Ledge 

Ledge 
Ledge 
Ledge 

Ledge 
Ledge 

Ledge 

Ledge 
Ledge 
Ledge 
Ledge 

Mudflat 
Ledge 
Ledge 

Mudflat 
Ledge 
Ledge 

Ledge 

Ledge 

Ledge 

Rock rock 
Rock rock 
Presumpscot Formation endpoint 
Rock rock 
Thin Drift 
SandlGravei Beaches 
Thln Drift 
Thin Drift 
Thin Drift endpoint 
Rock rock 
Thin Drift 
Thin Drift 
Thin Drift 
Rock 
Rock 
Thin Drift 
Rock 
Rock 
Rock 
Thin Drift 
Thln Drift 
Pleistocene Nearshore 
Thln Drift 
Thln Drift 
Rock rock 
Rock rock 
Thin Drift 
Rock rock 
Pleistocene Nearshore endpoint 
Thin Drift 
Thin Drift 
Thin Drift 
Rock rock 

rock 
rock 

rock 
rock 
rock 
off edge of map 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (ded 
283 U 31.10 3499.36 75.84 1 Thin Drift off edge of map 

Beach deposits 
0 

Ledge 

Subtidal 

Ledge 

Ledge 
Ledge 

0 
Beach deposits 

Ledge 
Beach deposits 

Ledge 
Beach deposits 

0 
Ledge 

Ledge 

Ledge 

Ledge 
Ledge 
Ledge 

Pleistocene Nearshore 
SandlGravel Beaches 
Thin Drlft 
Rock 
SandlGravel Beaches 
Rock 
Thin Drift 
Rock 
Thin Drift 
Thin Drift 
Thin Drift 
Rock 
Thin Drift 
Rock 
Thin Drift 
Thin Drift 
Thin Drift 
Rock 
Rock 
Thin Drift 
Thin Drift 
Rock 
Thin Drift 
Rock 
Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 
Rock 
Thin Drlft 
Thin Drift 

endpoint 

rock 

rock 

rock 

rock 

rock 

rock 
rock 

endpoint 
rock 

rock 



SAMPLE# STABILITY SHORELINE INT-WIDTH EXPOSUREORiENTATiO UPLAND-CODE INT-TYPE SURFiClAL GEOLOGY COMMENT 

TYPE (m) (m) (ded 
319 N 22.49 6778.75 254.10 1 Ledge Thin Drift 

Ledge 
Beach deposits 
Beach deposits 

Beach deposits 

Subtidal 

Ledge 

Ledge 

Mudflat 
0 

Ledge 
Ledge 

0 

Ledge 

Beach deposits 

Ledge 

Ledge 
Ledge 

Rock 
Thin Drift 
Rock 
SandlGravel Beaches 
Thin Drift 
Thin Drift 
Thin Drlft 
Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 
Tlll 
Thin Drift 
SandlGravel Beaches 
Rock 
Thin Drift 
Rock 
Rock 
Thin Drift 
Thin Drift 
Rock 
Rock 
Rock 
Rock 
Rock 
SandlGravel Beaches 
Rock 
Thin Drift 
Rock 
Thin Drift 
Thin Drift 
Rock 
Thin Drlft 

rock 

rock 
off edge of map 

off edge of map 
off edge of map 

off edge of map 

rock 
endpoint 
rock 
rock 

endpoint 
rock 
rock 
rock 
rock 
rock 

rock 
endpoint 
rock 

rock 
rock 
off edge of map 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORlENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (deg) 
9 Ledge 

Ledge 

Ledge 

Ledge 

0 

0 
0 

Ledge 
Ledge 

Ledge 

Ledge 
Ledge 
Ledge 
0 

Ledge 

Mudflat 

Rock 
Rock 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Thin Drift 
Till 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Presumpscot Formation 
Presumpscot Formation 
Thin Drift 
Thin Drift 
Rock 
Till 
SandlGravel Beaches 
Thin Drift 
Presumpscot Formation 
Thin Drift 
SandlGravel Beaches 
Presumpscot Formation 
Rock 
Rock 
Rock 
Thin Drift 
SandlGravel Beaches 
Thin Drift 
Presumpscot Formation 
Till 
Thin Drift 
SandlGravel Beaches 
SandlGravel Beaches 
SandlGravel Beaches 

rock 
rock 

armored 

armored 
endpoint 

rock 
off edge of map 
off edge of map 

off edge of map 

rock 
rock 
rock 

armored 
endpoint 
off edge of map 

endpoint 
endpoint 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORiENTATlO UPLAND-CODE INT-TYPE SURFlClAL GEOLOGY COMMENT 

TYPE (m) (m) (ded 
392 S 28.32 6413.30 292.87 0 

0 
Ledge 

Salt Marsh 
0 

0 
Beach deposits 
Beach deposits 

Beach deposits 

Beach deposits 
Ledge 
Mudflat 

Mudflat 
Ledge 
Ledge 

Ledge 

Ledge 

Thin Drifl 
Thin Drifl 
Till 
Thin Drifl 
Presumpscot Formation 
Thin Drifl 
Thin Drifl 
SandlGravel Beaches 
Presumpscot Forrnation 
SandlGravel Beaches 
Salt Marsh 
Rock 
Thin Drifl 
Thin Drifl 
Thin Drifl 
Thin Drifl 
Presumpscot Formation 
Presumpscot Formation 
Thin Drlfl 
Thin Drifl 
Rock 
Thin Drifl 
SandlGravel Beaches 
Presumpscot Forrnation 
Thin Drifl 
Rock 
Rock 
Thin Drifl 
Thin Drifl 
Rock 
Thin Drlfl 
Thin Drifl 
Thin Drlfl 
Rock 

armored 

endpoint 
off edge of map 

rock 

off edge of map 

endpoint 
endpoint 
rock 

off edge of map 

endpoint 
endpoint 

endpoint 
rock 
endpoint 

rock 



SAMPLE # STABILITY SHORELINE INT-WIDTH EXPOSURE ORiENTATlO UPLAND-CODE INT-TYPE SURFICIAL GEOLOGY COMMENT 

TYPE (m) (m) 
437 N L 13.67 4703.53 323.89 3 Ledge Thin Drift 

Ledge Thin Drift 
Beach deposits Thin Drift 

Ledge Thin Drift 
Thin Drift 
Thin Drift 
Thin Drift 

Subtidal Thin Drift 
Thin Drift 
Thin Drift 
Presumpscot Formation 
Thin Drift 

endpoint 
endpoint 

endpoint 
endpoint 
endpoint 
endpoint 
endpoint 
endpoint 
endpoint 
endpoint 
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