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PART I INTRODUCTION

This bulletin is dedicated to a better understanding and appreciation of the 

narrow strip of land adjacent to the Great Lakes shoreline. This riparian land, 

and that associated with inland lakes and streams, are intensely developed and 

utilized throughout all of Michigan. It is these lands which provide the base for 

Michigan’s tourist industry. Michigan is faced with increasing demands on its 

recreational resources. This need has been brought about by a rising population 

density and social and economic changes, which among other things, have resulted in 

increased leisure time and the need for temporary relief from "high horsepower 

living." There is an immediate and future need to adjust the population density to 

the carrying capacity of the land, or to modify certain characteristics of the land 

in order to meet essential requirements of the population. This bulletin is a very 

small part of the vast public force concerned with the guidance, management, and de

velopment of our land and water resources in the face of these increasing demands.

It is hoped that the material in this publication will be of beneficial use to 

the general public. Complex descriptions have been avoided so as to make the infor

mation equally useful to recreationists, planning organizations, and other interests 

as well as the student or technician. In the past many activities have been under

taken in these beach areas with little or no awareness of the dynamic, ever changing 

properties of a shoreline area. Use must be planned in accordance with the natural 

characteristics and natural changes; otherwise the user may expect problems that are 

not only unpleasant, but expensive.

The shoretypes found in this county have been classified according to their 

visible, natural characteristics such as slope, type of material, configuration, 

vegetation, and evidence of erosion. A classification system based on these criteria 

can help us achieve a better use of this valuable shoreline resource.

I

The inland extent of a shoretype has an arbitrary limit, and it varies from 

locality to locality, depending on the interaction of various natural characteristics. 

For the purpose of discussion, shoretype relationships will be considered as extend

ing up to 1 mile inland from the lake shore. The width of the wet beach is the 

approximate distance from the water line to the 6 foot depth. Percent develop

ment is an estimate of the number of buildings in relation to lot size. For 

example, 52 structures on 100 foot lots would be considered 100$ development in a 

given mile; 26 buildings on 200 foot lots would also be 100$ development; 6 struc

tures on 300 foot lots would be considered 33$ development.

Shoretype Terminology

This Bulletin May Help You

The material presented here may:

1. Aid planning commissions in recreational development programs,

2. Aid the individual in locating a cottage site.

3. Help road authorities in seeking more desirable routes of travel.

k. Be of benefit to the conservationist in resource development analysis.

5. Help the tourist choose the best site for his vacation or day of 
recreation.

6. Aid the boating enthusiast in selecting the best harbor for his small 

craft o



PART II SHORETYPE DESCRIPTION
I

TRAVERSE CITY BEACH SHORETYPE

Location This shoretype occurs in four sections: (l) Across the southern end of 

the West Arm of Grand 'traverse Bay; (2) The frontage of section 21 at 

Bowers Harbor; (3) A strip along sections 35 and 36 near the Village of 

Old Mission; (k) A section along the southern end of the East Arm of 
Grand Traverse Bay.

Length Approximately 12-3A miles. The major portion of this occurs at the foot 

of the two arms of Grand Traverse Bay.

Access The entire extent of this shoretype, with the exception of a short

section along the east edge of Old Mission Harbor, is readily accessible 

from first class blacktop roads. General access to and from the beach 

is somewhat restricted by the large number of private residences developed 

along the shoretype. This shortage of general public access is com

pensated for by 13 points where individuals have free public use of the 

beach facilities (see Part IV, Public Access Points).

Use This shoretype is approximately 90$ developed. The bulk of this de

velopment is in the form of private residences, but an appreciable por

tion is utilized for various retail and service businesses, primarily 

thos$ devoted,to the tourist and resort industry. The land that remains 

value, especially along the foot of the two arms of Grand 

Travers£r'*Bay. Some land has recently sold for as much as $100.00 per 

front foot. This does not apply to the frontage at Bowers Harbor and 

Old Mission, but even here the price is somewhat higher than for other 

shoretype in the area.

Erosion There is little erosion along this shoretype, particularly by water.

The relatively narrow width of Grand Traverse Bay prohibits large waves 

from forming.

‘ Services Electricity and telephone service are available along the entire shore

type. Within the city limits of Traverse City water and sewage services 

are also available. Mail deliveries are by rural carriers with the ex

ception of Old Mission where the patron must pick up his mail at the 

Post Office. Public transportation is available from Traverse City 

which has bus, air, and rail connections tied in with national systems.

Upland The upland portion of this shoretype is composed of sandy material

deposited as shore features when the waters of post glacial Lake Nipis- 

sing receded to the present level of Lake Michigan. The vegetative 

cover on the undisturbed upland consists of white pine, red pine, jack 

pine, white cedar, oak, aspen, juniper, and maple growing in various 

associations, dependent upon available moisture and local soil fertility.

Dry beach The dry beach is composed of quartz sand with occasional small pebbles

which do not detract from its value as a bathing beach. In a few places 

there is some grass and other herbaceous vegetation, but in general, 

the beach is well suited for bathing.

Wet beach The wet beach along this shoretype is sandy with scattered pebbles. The 

wet beach slopes gently, reaching a 6 foot depth approximately 200-250 

feet from shore. In the East Ann of Grand Traverse Bay the 6 foot 

depth may be located as much as 1,000 feet from shore.

Variations There are 3 variations of this shoretype, 2 natural variations and 1 

cultural.

(1) The man-made variation extends for approximately 1 mile along 

the southeast side of East Grand Traverse Bay. This varia

tion results from fill deposited near the shore during the 

construction of U.S. Route 31 which parallels the shoreline 

in this area.
(2) This natural variation is in the form of a low sand bluff which 

parallels the shoretype at the extreme southern tip of East 
Grand Traverse Bay. A low bluff, 1 1 /2 - 2  feet high is



Location

Length

Access

Use

located approximately 30-̂ 0 feet inland from the water line.
(3) The second natural variation occurs west from the Village of 

Acme and extends to the northern limit of the shoretype in 
East Grand Traverse Bay. This variation has a much greater 
concentration of pebbles than the main shoretype. The physical 
shape of the shoreline is the same, but the dry beach and the 
landward portion of the wet beach consist of nearly 100$ pebbles 
with little sand. The slope of the wet beach is also slightly 
greater along the northern part of this variation in compari
son to the main shoretype.

NIPISSING BLUFF SHORETYPE

This shoretype occurs on the east and west shores of the Old Mission 

Peninsula and along a short stretch located on the east shore of East 

Grand Traverse Bay, north of Deep Water Point.

Approximately 30 miles.

The major portion of this shoretype is paralleled by a good, all weather 
black top road. The road generally runs so close to the shore that con

struction between the road and the lake is impossible. There are ex

ceptions to this statement —  the West Grand Traverse Bay section north 

of Bowers Harbor, a short stretch just south of Old Mission, and the 
area located north of Deep Water Point on the east shore of East Grand 

Traverse Bay. In these three areas, access is restricted by the fact 

that the few roads present are either private lanes or dead end public 

roads.

Use of this shoretype generally decreases with increasing distance from 

Traverse City. Areas near the city are 70-80$ developed, whereas north 

from the vicinity of Ford Island shoreline development for cottage 

residences drops to 30$ or less. Cottages and other residences are 

generally of a good grade of design and construction. Portions of the

Erosion

Services

Upland

Dry beach

shoretype not used for residential purposes are devoted almost exclusively 
to orchard crops. The section of this shoretype north of Deep Water 
Point is used in much the same manner as that north of Ford Island near 
the peninsula.
This shoretype is generally immune to serious shore erosion because of 
the enclosed nature of the bay and the resulting restriction of wave 
action.
Currently, those portions of this shoretype that are developed for 
residential use have electricity and telephone service. Where access 
is limited, these services are not yet available, however, their ex
tension is prevented only by the present limited demand.
In many places there is a second low bluff immediately inland from the 

shore bluff. The level land inland from the edge of each bluff represents 

wave cut terraces of Lakes Algonquin and Nipissing, two of the ancestral 

glacial lakes from which Lake Michigan evolved. The upper terrace is 

the Lake Algonquin terrace, and the lower terrace near the present lake 

shore is a result of wave action during the Lake Nipissing stage. Un

less cleared for agriculture, the upland cover generally consists of 

tree species such as red pine, white pine, white cedar, white birch, 

oak, maple, and a few ash and elm species. There is also a considerable 

amount of poison ivy scattered along the shoretype, particularly along 

the West Grand Traverse Bay region.

The dry beach of this shoretype is quite narrow and is generally com

posed of coarse textured materials, chiefly pebbles and cobbles. This 

condition greatly reduces the value of this type for bathing purposes. 

North of Bowers Harbor on West Grand Traverse Bay there are occasional 

pocket beaches that accumulate sand behind small rock points. These 

pockets of sand provide better bathing facilities than are generally 

found on this shoretype. In a few places there is some grass and other 

low vegetation growing on the dry beach.
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Wet beach

Variations

Location

Length

Access

Use

The wet beach is composed of sand, pebbles, cobbles, and a few erratic 

boulders. The beach slopes gently to the 6 foot depth, but beyond this 

point the slope is quite steep. In a few places there is some vegeta

tion growing in the water near shore.

The single variation of this shoretype occurs north of Bowers Harbor 

where there are occasional pocket beaches. In this particular area pre

vailing winds generally cause waves to strike the shore at a rather 

acute angle. This angle of wave attack and the series of rocky points 

produce along shore currents that favor the accumulation of sand.

ANTRIM LOW SHORETYPE

This shoretype is found at three locations in Grand Traverse County. A 

short section lies north of Neah-Ta-Wanta Point on West Grand Traverse 

Bay; a second portion runs northward from Deep Water Point; and the third 

extends southward from the Grand Traverse-Antrim County line. These 

last two descriptions are located on East Grand Traverse Bay. 

Approximately 5-l/2 miles..

Most portions of this shoretype are relatively inaccessible, the shore

line generally being a considerable distance from any good road. The 

portion of this type north of Neah-Ta-Wanta Point is restricted to the 

general public by a private resort association which limits its use to 

the group. The section north of Deep Water Point is accessible from a 

blacktop road that services cottages and other residences located there. 

The third portion of this type is accessible only from a couple of 

secondary roads that service a short stretch of the shoretype in the 

vicinity of the community of Yuba.

Use is restricted on the major portion of the shoretype. The section 

north of Neah-Ta-Wanta Point is utilized by a private association for 

bathing and picnicking. The portion north from Deep Water Point is 

approximately 80$ developed for cottages and other residential purposes.

Erosion

Services

Upland

Dry beach

Wet beach

Location

Length

Access

The remaining section of this shoretype is approximately 10$ developed.

The upland is used for fruit production, and bathing beaches are generally 

excellent in spite of gravel present on the wet beach.

The shoretype is susceptible to slight wave erosion.

Electricity and telephone service are available on all sections except 

the portion north of Neah-Ta-Wanta Point.

The upland area consists of a level lake plain that extends 700-800 feet 

inland where it gives way to a rolling till plain. The till plain in the 

vicinity of Neah-Ta-Wanta has slightly greater relief than is typical 

for the shoretype. This is due to drumlins that exist in this area. 

Vegetation consists of oak, red pine, white pine, hemlock, and juniper. 

There is also some beech and maple along the Neah-Ta-Wanta section.

The dry beach consists primarily of sand, but there is some gravel 

concentrated in a low berm approximately 10 feet inland from the water 

line. In some places there is a low sand dune a short distance farther 

inland from the gravel berm.

The wet beach is composed of sand, excepting a narrow band of gravel 

which extends into the lake approximately 20 feet from the water line.

OLD MISSION BEACH SHORETYPE

This shoretype is found along the northwestern and northern tip of the 

Old Mission Peninsula.

Approximately b-l/2 miles.

The northern portion of this shoretype in the vicinity of the Old 

Mission Light House is readily accessible from State Route M-37 which 

ends at Old Mission Point. Approximately l/2 mile of the southern 

extreme of this shoretype is served by a private road built to accomo

date cottages located there. That portion of the shoretype between 

these two descriptions is inaccessible except by foot traffic across 

private property.
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Use

Erosion

Services

Upland-

Dry beach

Wet beach

Cottage and other residential development have occupied about 10$ of the 

development potential of this shoretype. The tip of Old Mission Peninsula 

and Old Mission Light House are maintained as a public park which re

ceives considerable use during the summer season. Elsewhere, the shore

type is used chiefly for the production of tree fruits and berries.

There is some moderate wave erosion along this shoretype as well as some 

wind erosion on the dry beach and bluff. Neither of these are serious, 

and both can be controlled with minimum stabilization measures.

Electricity and telephone service are presently only available along 

portions of the shoretype where residential development has occurred.

The upland is an old glacial lake plain upon which subsequent wind and 

water forces have built a number of sand bars, beach ridges, and low 

dunes. These features are well stabilized, giving the upland a slightly 

irregular appearance. Vegetative cover on the upland consists of white 

birch, oak, maple, red pine, white pine, and some scattered hemlock 

and juniper.

Sand generally predominates on the dry beach. In a few places, however, 

there are appreciable concentrations of gravel, cobbles, and boulders.

The landward portion of the dry beach slopes sharply upward into a low 

bluff before leveling off into the upland. The steepness of this bluff 

is dependent upon the percentage of coarse textured beach materials pre

sent. Generally, a higher percentage of coarse material indicates a 

steeper bluff.

The general quality of the beach for bathing is good. In some places 

coarse material detracts from this value. The distance out to deep 

water varies, but it is generally greatest at the tip of zne peninsula.

WILLOW POINT BLUFF SHORETYPE

Location This shoretype occurs in two sections, both being located on the east 

side of Old Mission Peninsula. One section is located northeast from

Length

Access

Use

Erosion

Services

Upland

Dry beach 

Wet beach

the Village of Old Mission. The other is located south of Willow Point, 
which is approximately the halfway mark between the base and tip of Old 

Mission Peninsula.

Approximately 2-l/2 miles.

Access to this shoretype is poor. The section near Old Mission can be 

reached only by permissible crossing of a privately owned parcel of 

land. The section south of Willow Point, serves as the right-of-way for 

Bluff Road, a county highway.

This shoretype has little value for lake front property. The bluff is 

high and steep, and the dry beach is quite narrow. The upland portion 

of the shoretype serves as an orchard site.

There is little erosion of the beach portion of the shoretype, but the 

bluff and upland are subject to severe erosion from running water. In 

a few places the upland area shows evidence of slight wind erosion.

At the present there are no utility services available on this shoretype. 

The upland area is composed of glacial till deposited as a moraine. This 

accounts for the height of the bluff and the heterogeneous nature of the 

material composing it. The vegetation on the upland area has been re

moved, and the land utilized for agriculture. However, there is an 

abundant growth of juniper, red pine, white pine, aspen, and oak on the 

bluff.

The dry beach is composed of boulders, cobbles, and some sand. The width 

is variable, ranging from 20-30 feet. The dry beach south of Willow 

Point has been filled and elevated to serve as a road right-of-way.

The wet beach is quite wide, especially along the section northeast of 

Old Mission. Here the wet beach is approximately 500 feet wide and rel

atively shallow near the water line. The area south of Willow Point has 

a more narrow wet beach, approximately 200 feet wide. Once beyond the 

immediate shore area, the water depth increases quite rapidly on both 

sections.



Figure 1. Traverse City Beach Shoretype—  View east from Bryant Municipal Park, 
Traverse City. This is typical of the fine quality bathing beaches along this shoretype.

Figure 3. Traverse City Beach Shoretype—  View west along the beach of Traverse 
City State Park. This shows the slight sand bluff that is found along the East 
Bay portion of this shoretype.
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10* VERTICAL 
SCALE

WET BEACH DRY BEACH BLUFF UPLAND

MATERIAL
sand, in a few places some 
gravel in the swash zone

sand with some fine gravel 
in places

usually no bluff is 
present; there is a 
slight 1̂ -2 foot sand

sandy soils which represent 
old shore features of 
glacial Lake Nipissing

WIDTH
200-1000 feet out to the 6 foot depth 25-75 feet

bluff along the East 
Bay section of the 
shoretype

SLOPE generally 3-^ level to undulating

VEGETATION none
in some areas trees and 
herbaceous vegetation grow 
to the water line

jack pine, red pine, white 
pine, white cedar, juniper, 
oak, aspen, and maple

WATER clear

EROSION
occasional slight storm 
damage

HEIGHT

Figure 2

Figure 4. Traverse City Beach Shoretype—  View north from Deep Water Point on 
East Grand Traverse Bay, showing the accumulation of gravel or pebbles that 
cover the beach along variation (3) of this shoretype.



Figure 5. Nipissing Bluff Shoretype—  View showing a pocket beach such as those 
found along West Grand Traverse Bay north of Bowers Harbor.

Figure 7. Nipissing Bluff Shoretype—  View south from Lookout Point On West 
Grand Traverse Bay, showing the narrow dry beach and cobbles and boulders that 
tend to restrict recreational use in this area.

J
25' VERTICAL 

SCALE

1

6

WET BEACH DRY BEACH BLUFF UPLAND

MATERIAL
sand, gravel, cobbles, and 
glacial erratic boulders

sand, gravel, cobbles, and 
glacial erratics glacial till

old glacial lake terraces 
with some residual sand bars 
overlying glacial till

WIDTH 150-250 feet out to 6 foot 
depth, distance to 6 foot de-cth is less in East Bay

10-20 feet distance between 
bluffs is variable

SLOPE 10$ 30->+00
gentle slope between bluffs, 
rolling moraine inland from 
Algonquin Bluff

VEGETATION
reeds in a few places some beach grass in places white birch, white cedar, aspen, red pine, oak, 

maple, white pine, some elm and ash along East Bay 
section, considerable poison ivy along West Bay

WATER clear

EROSION

HEIGHT
10-12 feet (Nipissing Bluff near shore) 
13-15 feet (Algonquin Bluff farther inland)

Figure 6

GENERALIZED PROFILE of NIPISSING BLUFF SHORETYPE

HORIZONTAL SCALE 
50'

• ■ • ■ ■Algonquin Bluff found along some 
sections of the shoretype

Figure S. Nipissing Bluff Shoretype—  Typical view of the East Grand Traverse 
Bay portion of this shoretype, showing an even more predominance of coarse 
textured material than in Figure 7.



Figure 9. Antrim Low Shoretype—  View south from Deep Y/ater Point, showing the 
transition from the Traverse City Beach Shoretype to the Antrim Low Shoretype. 
Note that the concentration of beach gravel and height of the bluff are greater than along the Traverse City Beach Shoretype.

Figure 11. Antrim Low Shoretype—  View north from the vicinity of Deep Water 
Point, showing a portion of the shoretype where there are low dunes immediately 
inland from the dry beach. Note the partially buried groins in the foreground; 
few of these structures are found in the Grand Traverse region (see Climate 
under Part III, Area Information).
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20* VERTICAL 

SCALE

1
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WET BEACH DRY BEACH BLUFF UPLAND

MATERIAL
gravel up to 3 inches in dia. 
for 20, feet into water, sand 
from there to deep water

sand, low 10 foot wide 
gravel berm 10 feet inland 
from water line

sand sandy soils

WIDTH
125-150 feet out to 6 

foot depth 25-30 feet
700-800 feet across old 
beach bars and ridges to 
rolling upland

SLOPE k - % 10$ 35-k 0 °
irregular ridges, then 
rolling upland, low dunes 
in some places

VEGETATION none none
juniper, beach grass, 
and weeds on crest of 
bluff and dune

white pine, red pin;*, 
juniper, hemlock, and oak

WATER clear

EROSION
slight wave erosion

HEIGHT 3-4 feet

Figure 10

Figure 12. Antrim Low Shoretype—  View south from a point on the shoreline 
just west of the community of Yuba. The beaches of this shoretype are well 
suited to recreational use, but public use is generally restricted as shown here.



Figure 13. Old Mission Beach Shoretype—  View southward from a road ending 
along the south line of Sec. 28, T30N, R10W. This is a typical view of the dry 
beach along portions where cobbles, stones, and boulders are absent.

Figure 15. Old Mission Beach Shoretype—  View east from Light House Park at 
the tip of the Old Mission Peninsula. This particular section provides the 
best bathing facilities found along this shoretype.

GENERALIZED PROFILE of OLD MISSION REACH SHORETYPE

HORIZONTAL SCALE 
50'

M i l  r i i i..r
Alternate profile in places -

J
20' VERTICAL 

SCALE

WET BEACH DRY BEACH BLUFF UPLAND

MATERIAL
predominantly sand with some 
gravel, cobbles, glacial 
boulder erratics

predominantly sand, some 
gravel, cobbles, and glacial 
erratics

sand, some gravel, 
cobbles, and glacial 
erratics

glacial lake plain, sand 
bars, beach ridges, and 
dunes underlain by till

WIDTH
generally 200-300 feet out to 
6 foot depth-

70-75 feet along normal 
shore, ^5-50 feet along 
alternate profile

SLOPE
3$ and less, particularly 
near tip of Old Mission 
Peninsula

7-10$
variable depending on 
percentage of sand, 
generally 35°

generally level lake plain 
with irregularities due to 
presence of old shore feature

VEGETATION none
some grass on inland side 
of dry beach

alder, cherry, and 
species that occur on 
upland

white birch, oak, maple, red 
pine, white pine, some 
hemlock and juniper

WATER clear

EROSION
moderate storm wave erosion some wind erosion in 

places
some wind erosion in 
places

HEIGHT 6-8 feet

Figure 14

Figure 16. Old Mission Beach Shoretype—  View north from the south l*ine of Sec. 
22, T30N, R10W where the upland is nearer to the water line and the inland slope 
is more abrupt (see alternate profile in Figure 14).



Figure 17. Willow Point Bluff Shoretype—  View from crest of the bluff near the 
tip of the Old Mission Peninsula. Vegetation on the bluff is quite dense, and 
the height above the water is approximately 200 feet at this point.

Figure 19. Willow Point Bluff Shoretype—  View north from the south line of Sec. 
3, T28N, R10W where the dry beach has been filled to serve as a road right-of-way. 
Note the steep slope and extreme height of the bluff at the left.

WET BEACH DRY BEACH BLUFF UPLAND

MATERIAL cobbles and boulders
cobbles and boulders with 
some sand

glacial till, a mixture 
of sand, pebbles, 
cobbles, and boulders

glacial till

WIDTH
200-500 feet out to 6 
foot depth 20-30 feet

SLOPE
very shallow near shore, no 
appreciable change in depth 
for 150-200 feet

10$ 45-50° rolling morainic upland

VEGETATION none
slight accumulation of 
beach grass in places

juniper, red pine, 
aspen, oak, white 
cedar

cleared for agriculture, 
chiefly orchards

WATER clear

EROSION
negligible wave erosion considerable erosion 

from runoff some water and wind erosion

HEIGHT 150-200 feet

Figure 18

Lake Algonquin

Figure 20. Generalized succession from glacial Lakes Algonquin and Nipissing to Lake 
Michigan—  Shore features of these lakes are identifiable in parts of Grand Traverse 
County; evidence of a third level, Algoma, is sometimes found between the Nipissing bluff and Lake Michigan.



PART III AREA INFORMATION

Construction on Bottomlands - Michigan recognizes the Riparian Doctrine of water 

rights. Any person owning property fronting on a lake or a stream has a 

right to use the water. The riparian owner on inland lakes or streams 

actually owns the bottomland adjacent to his property. However, the bottomlands 

of the Great Lakes extending out as far as the inter-state boundaries are owned 

and held in public trust by the State of Michigan. A riparian owner on the 

Great Lakes has limited exclusive rights to the use of the bottomland adjacent 

to his land. Persons anticipating any kind of development involving excava

tion, f i l l ,  and building of structures on the bottomlands of the Great Lakes 

should f irs t consult with the Lands Division, Michigan Department of Conser

vation, Lansing, Michigan. I t is unlawful for anyone to alter the shoreline 
and bottomlands without permission of the State of Michigan. In the case 
of groins and other structures which would protrude some distance from the 

shore and constitute a navigational hazard, permission must also be obtained 

from the Corps of Engineers, Federal Building, Detroit, Michigan.

Lake Level - The elevation of Lake Michigan and Lake Huron is about 580.60 feet 

and the elevation of Lake Erie about 572.35 feet above sea level,-*- subject 

to seasonal, man-caused and long-term variations. The following figures indi

cate some extreme fluctuations in the water level, but new low level and high
owater level periods may always occur.

Lake Michigan High water level 583*68 feet June, 1886
and Lake Huron Low water level 577*35 feet February, 1926

Lake Erie High water level 57̂ *70 feet May, 1952
Low water level 569*̂ 3 feet February, 1936

In the pursuit of recreation, navigation, and construction* information 

pertaining to water levels on the Great Lakes is frequently desired. The U.S.

Lake Survey publishes current monthly data on the water level as related to

an annual mean. In addition they also furnish information as to predicted

levels for the coming month0 This data can be secured from the:

U.S. Lake Survey 
Corps of Engineers 
630 Federal Building 
Detroit 26, Michigan

Ice Damage - Ice damage is limited to the immediate beach area. Wood buildings 

and other wooden structures are the most susceptible to damage by ice shove. 

With ideal wind velocity and direction, floating ice is sometimes blown shore

ward. If the ice is of considerable thickness and its  area is great enough, 

a tremendous pressure or shove is present at the water line when the ice 

slides up over the dry beach. Structures of wood are sheared off and splin

tered. Steel piling, steel seawalls, and other steel structures are frequently 

bent and twisted by the force of the ice mass. Even heavily reinforced con

crete structures do not escape damage. When ice shove occurs in an unprotected 

area the loose beach material is shoved up on the shore into an ice rampart 

which is usually broken down by the firs t sizable storm.

Navigation - Navigation in the Great Lakes area should be accomplished with due

caution. Generally, the shoal region has a uniform slope from the beach to 
deeper water, but sand bars are nearly always present near the shoreline, and 
other submerged hazards may exist. Vessels larger than rowboats should consult 

the U. S. Coast Guard and the U. S. Lake Survey charts for information pertain

ing to ports, hazards, and other navigational data. Large vessels need a sub

stantial dock or pier plus a clearly marked channel to such mooring structures.

1 Figures are mean surface elevation above mean tide at New York. The average is 
for 96 years (1860-1955)* Source--U.S. Lake Survey.

2 Figures are maximum and minimum monthly elevations since i860 of the surface of 
the lakes above mean tide at New York. Source—U.S. Lake Survey.
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Near the shore remnants of abandoned or destroyed piers, jetties, groins, and 

old pilings are some features that may prove dangerous. Small boat enthusiasts 

should have sincere respect for the Great Lakes since storms of high intensity 

will sometimes blow up so quickly there is insufficient time to return to shore 

or available refuge. It is not easy to beach a small boat in rough water, so 

novices should remain close to shore until they gain ample experience.

Pollution - Pollution is a recognized threat to inland lakes and waterways, however, 

we often erroneously believe the Great Lakes are not subject to pollution 

because of their size. The dumping of trash, waste disposal, and other prac

tices which tend to contaminate or pollute the water should be avoided. 

Prevailing winds and littoral currents tend to spread such defiled water many 

miles from the source area, thereby diminishing the functional use of the water 

in regions not normally susceptible to contamination. Soil erosion, resulting 

from use of the upland area, and bluff erosion undoubtedly at times cause 

temporary turbidity along the wet beach.

Scenic Value - Theoretically, it would appear highly desirable to reserve all of the 

shoreline for recreational use. No objectionable structures or development 

would be permitted along the wet beach and dry beach; the natural geologic 
erosion would be permitted to continue unchallenged, and the beach would re

main a stimulating tourist attraction indefinitely. From a practical viewpoint 

it is quite apparent that much ill-advised development has already taken place. 

Property owners are naturally desirous of protecting their holdings, and many 

have constructed various types of protective structures. Instead of a natural 

beach of white sand and blue water, the groins and seawalls create a rough 

profusion of broken and bent surfaces. Naturalness is destroyed; beauty is 

lost. Perhaps, if people who plan on building protective structures would 

take a short trip along the beach to compare the natural appearance with the 

cultural, they might reconsider and adjust their use to the resource. The use

of Michigan’s shoreline would then be protected, its life extended, and the 

user would save money by relocating his cottage rather than investing in struc

tures that have doubtful value.

Shore Erosion Control - Numerous structures have been devised to maintain beach areas 

and safeguard against water erosion in general. These structures are composed 

of wood, steel, concrete, and fill material, and they usually take the form of 

solid and permeable groins, jetties, submerged and surface breakwaters, piers, 

bulkheads and seawalls, riprap revetment, and artificial fill. When properly 

constructed these structures are extremely expensive and usually beyond the 

means of the individual property owner. To be effective such structures re

quire an accurate engineering survey and design. Their effectiveness is 

dependent on such factors as length, spacing, height, and littoral drift. If 

the littoral drift becomes negligible and no nourishment is provided, a groin 

structure may become ineffective as a protection measure, and extreme groin 

lengths or other efforts to capture shore drift can lead to gradual starvation 

of sand accumulation at beaches farther away. As a result of these complex 

factors, many individually built structures have failed because of inadequate 

design and material. Cooperative or community participation is probably the 

best and most economical way to solve these large structure problems. Regard

less of design, construction, or cost, all these cultural methods of shore 

erosion control depreciate the natural appearance of the shore. If use is 

properly planned.in accordance with known geologic forces, individuals 

could use the shoreline without being injured physically or financially.

Turbidity - Turbidity in some places is a result of eroded silt or clay particles 

present in the water. This situation is detrimental to bathing and other 

recreational use of the shoreline. The condition may extend some distance 

along the shore as a result of littoral currents, wave direction, and the 

prevailing winds.



Land Stabilization - Various attempts have been made to stabilize the sandy shore
line region and to minimize wind erosion. In most cases these measures fail 
as a result of sudden blowouts or storms. Some measures used in the past are 
presented here only because at times they have been partially successful. 
Individuals who pursue these practices are always faced with the possibility 
of having their work suddenly demolished. It is easily seen that the laborious 
and costly task of repeatedly restoring such works can be a tiring and dis
couraging process. Stabilization has been attempted in several ways as follows:

1. Brush matting
2. Spreading gravel

3. Shrub or tree plantings
h. Leveling and grass seeding

5. Transplanting beach grass clones
6. Use of retaining structures and fences

Leveling and grass seeding are generally used on the bluffs; retaining struc

tures and fences are used to protect roads, stairways, and other cultural 

improvements; plantings and brush matting have been used as windbreaks; the 

spreading of gravel helps minimize drift in areas of bare sand; transplanting 

beach grass clones helps stabilize dune sand (the clones are single stalks 

taken from a clump and capable of producing a new clump of grass).

Water Temperature - During the summer months, the water temperature of beaches ad

jacent to the southern portion of Michigan may be slightly higher than the 

temperature of northern Michigan beaches. Bathing beaches along the entire 

lower peninsula Great Lakes shoreline may expect summer water temperatures 

ranging from 56-70 degrees Fahrenheit, with an usual range of about 61-65 

degrees.
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Climate - The climatic conditions of Grand Traverse County are constantly modified 
by the waters of Lake Michigan and Grand Traverse Bay. Along the shoretypes 
the mean monthly temperature ranges from 21-2^° F. in January to 69-70° F. in 
July. The average annual temperature is approximately M-6 F. In the summer 
months of June, July and August precipitation averages 2.5-2.9 inches per 

month. The average annual precipitation is approximately 29-30 inches. Pre
vailing winds crossing Lake Michigan and Grand Traverse Bay are warmed in 
the winter and cooled in the summer, resulting in a moderate climate along 
the shoreline and for some distance inland. Since the lake water is cool 
in the spring, it tends to retard the temperatures, thus holding back the 

development of vegetation until likelihood of frost is over. In the fall the 
waters, warmed by the summer sun, tend to temper the first cold waves until 

vegetation is mature and safe from frost. Ice damage is an important con

sideration along the shoretypes of the county. The frequency of freeze- 

over on Grand Traverse Bay is much greater than for the main body of Lake 

Michigan. Local records indicate that the frequency of freeze-over on the 

bay is k out of every 5 years, and the duration of the freeze ranges from 

5 to 72 days.1 Shore erosion control structures are not commonly found along 

the shoreline of Grand Traverse County. The enclosed nature of Grand Traverse 

Bay reduces the formation of large storm waves. Only rarely do waves of such 

magnitude occur as to effect any severe shore damage. There are a few groins 

and stone breakwaters scattered along the shoreline, but their value is 

questionable.

Services - In addition to the services discussed separately under the individual 

shoretypes, docking, tie-up, and other facilities for craft larger than out

board size pleasure boats are somewhat limited along the shoreline of Grand

^Source - Traverse City Chamber of Commerce.



Traverse County. Bowers Harbor on West Grand Traverse Bay and Old Mission 

Harbor on East Grand Traverse Bay offer anchorage but no docking or service 

facilities. These harbors are hazardous when a south storm is in progress.

In the immediate Traverse City area there are several places where pleasure 

craft can tie up or anchor. With the exception of the mouth of the Boardman 

River, these facilities are all located adjacent to the Village of Greilick- 

ville which, while part of the Traverse City environ, is actually located in 

Leelanau County. The Greilickville area offers anchorage in a public yacht 

basin, tie-up at a public dock, and a private marine base that has all dock 

and service facilities commonly needed by pleasure craft. Elsewhere along the 

Grand Traverse shoreline there is a complete absence of docking facilities or 

sheltered anchorage. Cottage and other residence owners are cautioned against 

keeping boats other than those that can be hauled out of the water since the 

hazards of open water anchorage are too high to warrant the risk.

Topography - The principal topographic feature of Grand Traverse County is the 

Old Mission Peninsula. The peninsula extends northward from Traverse City 

for a distance of approximately 17 miles, dividing Grand Traverse Bay into 

two arms —  East Bay and West Bay. The peninsula is approximately 3/^ mile 

wide at its narrowest point and about 2-l/2 miles at the widest, having a 

total relief of approximately 300 feet with reference to the water of the 

bay. The shoreline at the southern end of East Bay and West Bay slopes 

gently upward into the Manistee Moraine which lies 2-3 miles inland from the 

shore. On the east shore of East Bay the upland is comprised of a rolling 

glacial till plain with relief up to 100 feet above the bay. Paralleling 

the entire shoreline are the discontinuous remnants of the shoreline and 

beach terraces of glacial Lakes Algonquin and Nipissing* These old shore 

features are located inland at various distances, dependent upon the slope 

and topography of the upland, and they affect the utilization of the present 

shoretype. These features are mentioned in the shoretype descriptions 

wherever applicable.
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Vegetation - Vegetation on the Grand Traverse County shoretypes consists predomi

nantly of forest tree species. The few exceptions are those areas that have 

been cleared for cultural development. The forest species most common are 

red pine, white pine, red oak, white oak, white cedar, birch, beech, maple, 

and some juniper and hemlock.

PART IV PUBLIC ACCESS POINTS

The public has access to the Grand Traverse County shoreline at several points as 

follows:

1. Bryant Municipal Park, Traverse City.

2. Clinch Municipal Park, Traverse City.

3. Darrow Municipal Park, Traverse City. 

b. East Bay Municipal Park, Traverse City.

5. Light House Park at the northern tip of the Old Mission Peninsula.

6. Old Mission Township Park at the south line of Sec. 17, T28n, R10W on. the 
west side of East Grand Traverse Bay.

7. Peninsula Township Park, Old Mission Harbor.

8. Shuffleboard Municipal Park, Traverse City.

9. State Highway Roadside Park on U.S. Route 31 south of Acme.

10. State Public Fishing Site, Bowers Harbor.

11. Sunset Municipal Park, Traverse City.

12. Township Park at Yuba on the east side of East Grand Traverse Bay.

13. Traverse City State Park on U.S. Route 31 east of Traverse City.



PART V SHORELINE PROCESSES

Short Time Changes or minor characteristics which can change from day to day as the 
result of water, wind, and storm action.

1. Turbidity —  The shoal region may become turbid as a result of silt laden
water from nearby streams or from the erosion of bluffs by wave action.

2. Debris —  Seaweed, insects, driftwood, and miscellaneous debris may be
deposited on the beach by waves, currents, and storms. These same pro
cesses may also remove such debris from the beach region.

3. Stratified Deposits —  In the dry beach and wet beach area, wave and cur
rent activity may wash out the fine sand, leaving gravel. The converse 
is similarly true, as sand may be deposited, having been washed out from 
another area. In the same manner the beach may be left covered by a thin 
veneer of silt and clay.

Offshore Bars —  Waves and currents can change the number, location, and 
size of offshore sand bars in a relatively short period of time; storms 
may alter these features overnight.

5. Slope and Configuration —  Water action includes both removal and deposition. 
Within relatively short periods of time, micro-features of the beach can 
change radically. Berms may be laid down or removed, cuspate patterns can 
be formed or destroyed, and the angle of slope can be increased or de
creased .
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Long Time Changes or alterations involving features of great magnitude which are 
the result of gradual geologic processes.

1. Width of Wet Beach —  The width is related to the character of the geologic
substrata and the supply of material available for waves and currents to 
deposit.

2. Width of Dry Beach —  The width of the dry beach is closely related to the
present lake level and the height and configuration of the adjacent up
land area.

3. Lake Level -- The level of the Great Lakes may change appreciably in
certain local situations, such as artificial diversion and wind piling 
water up in a bay or moving it lakeward (see Seiche in glossary). However, 
the gradual increase or decrease in lake level occurs over a much longer 
period of time as a result of more persistent conditions.

Bays and Points —  These features are of significant size and are the re
sult, primarily, of prolonged wave and current activity. As a result, 
their appearance is not subject to overnight modification.



PART VI SELECTION OF A COTTAGE SITE

In the past many expensive homes and other buildings have been extensively 

damaged or destroyed by sand movement and erosion in the shoreline area. The 

shifting sands represent an irresistible force, but wind and water erosion can be 

controlled by proper use. Most of us recognize that we make adjustments to our ev

eryday living. Few of us find all our needs satisfied in a given locality. In the 

same manner one can adjust to a shoreline environment. Buildings should not be 

constructed near an obviously eroding bluff. Frequently, staircases are located on 

the steep bluffs, providing access to the beach area. These structures are located 

in an area highly susceptible to water, wind, and ice damage; high costs of mainte

nance and repair must be anticipated. Investigation into the history and stabiliza

tion of a given site will be a helpful aid to proposed structures and buildings.

Very fine sand will be constantly transported by wind in the beach region. Such 

particles can find their way into every nook and corner of a dwelling. This con

dition can present a persistent nuisance to fine interior furnishings. It is 

advisable to limit cottage construction in the shoreline area to a type that lands 

itself to portability. On areas subject to erosion heavy masonry work should be 

avoided. In the event of sudden, unavoidable changes in the physical landscape it 

would be possible to move a light, portable cottage to a safer area with a minimum 

of inconvenience and financial expense.

Basic Rules To Follow

1. Locate a lot on a shoretype that you like and enjoy. Do not expect to change 

the shoretype to meet your personal desires.

2. Do not build near the edge of the bluff. Ask local residents about the rate of 

erosion, and build your cottage back far enough so that it will be safe from 
erosive forces.

3. Avoid heavy construction. Portable cottages may be desirable in areas where 

the rate of bluff erosion is unpredictable.

k. Investigate the cost of access road or drive construction and maintenance.

5. Inquire about the water supply or well depth.

6. Determine if wind erosion is active. Wind driven sand can make cottage life 

uncomfortable and can bury roads and buildings.

PART VII ADVANTAGE OF THE SHORELINE

The Great Lakes have many features which attract recreational use:

1. The Great Lakes represent the largest body of fresh water in the world, and the 

climate of the land adjacent to the Great Lakes is modified by the water.

2. The Great Lakes serve as a marine highway with world wide connections.

3. The water is clear.

No dangerous fish or plants exist, and the water is almost entirely free from 

infectious organisms.

5. The summer climate is cool, and the water temperature is ideal for bathing.

6. Natural geologic processes have provided excellent beaches and other formations 

of high recreational value.

7. The tempered lake climate and the clear, stimulating air along the immense 

shoreline present a refreshing change from the commonplace.

8. Scenic and aesthetic values are numerous, for example, statuesque driftwood, 

soaring seagulls, uninterrupted horizon view, ore freighters and other ships, 

blazing sunsets, picturesque commercial fisheries, rolling dunes, and the 

romance of a history of commerce, shipwrecks, and sunken vessels.



PART VIII GLOSSARY
Accelerated, or soil erosion —  Erosion taking place on land used for crop production or on land whose 

natural condition has been modified through man's activities.
Alluvium —  Sand, mud, and other sediments deposited on land by streams.
Angle of repose -- The normal angle that material will assume when piled up or dumped from a particular 

source.
Bar -- A bank of sand and/or gravel deposited along a coast or across the mouth of a bay or river. Its 

ends may or may not be attached to the land. Some bars are produced by the union of two spits (see 
also low and ball, offshore sand bar, relict sand bars, and river mouth bar).

Bar beach —  Along low coasts beaches run virtually without interruption. In these places the beaches are 
usually very straight and commonly consist of offshore bars separated from the land by shallow water. 
This type of a beach is referred to as a bar beach.

Beach —  See bar beach, crescent beach, pocket beach, slab pavement, and transient beach.
Beach breathing -- Under ideal conditions (size and shape of sand particles, wave action, etc.) air is 

trapped in the sand. As waves or swash move over the beach, the air pressure builds up, causing 
small circular areas of sand to be pushed up momentarily in almost breath-like movements.

Berm —  A ridge-like, temporary deposit, occurring along the water line. A storm or period of uniform 
wave action will frequently deposit a berm along the landward wave action front. The dimensions of 
the resulting berm are extremely variable, ranging in width and height from a few inches to h-5 feet 
high and 15-20 feet wide.

Blowout -- An area from which soil material has been removed by wind. Such an area appears as a nearly 
barren, shallow depression.

Bluff erosion —  This is the wearing away of a bluff face by water and wind erosion. The rate of erosion 
is dependent on such factors as the character of the bluff material, wind velocity, and lake level. 
Some of the aspects of this form of erosion are illustrated in diagrams A and B.
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Boulder —  See listing under particle size.
Bulkhead —  See seawall.
Churn fill —  Sand or gravel dumped at the foot of a bluff between groins to dissipate the energy of waves, 

and thereby decrease the rate of undercutting.
Clay —  See listing under particle size.
Clay gravel -- In areas where heavy, plastic clay till is exposed to wave erosion, particles of clay may 

become molded or rounded. This material has the appearance of gravel, but it is so consolidated 
and cohesive in nature that it does not cause the customary turbidity of the water expected from 
clay particles.

Cobble —  See listing under particle size.
Cobble pavement —  A dry or wet beach area covered entirely by small, rounded cobbles, a result of wave 

and current action having removed the finer material.
Colluvium —  Mixed deposits of soil material and rock fragments near the base of rather steep slopes.

The deposits accumulate through soil creep, slides, and local wash.

Cottage -- A building of permanent construction used part-time and for recreational purposes.

Crescent beach —  Along hilly and mountainous coasts the principal beaches are found at the heads of bays 
and at the mouth of streams which enter these bays. The term crescent beach applies to most of 
these beaches because of their shape.

Current —  See littoral current and rip current.
Cusp —  A transitory characteristic of beaches which results in a scallop like appearance of the shoreline. 

The small points or cusps are the product of onshore and offshore movements of water, and they are 
separated by smoothly curved, shallow embayments.

Delta —  Where rivers empty into other bodies of water, the velocity is reduced and deposition may occur.
If the waves and currents of the body of water into which the river empties are not strong enough 
to carry away the sediment brought in by the stream, a delta is formed at the mouth of the river.

Dune —  Dunes are hills of wind-blown sand extending above the normal land surface■ (see also perched dune).
Eluviation —  The movement of material within the soil in either true solution or colloidal suspension.
Emergent shoreline —  A shoreline caused by uplift of the land or by lowering of the water level.

Erosion —  The wearing away of the land surface by detachment and transportation of soil and rock materials 
through the movement of water, wind, and other geological agents (see also accelerated erosion, eluvia
tion, leaching, normal erosion, slip, sloughing, solifluction, sorting, water erosion, and wind 
erosion).

Flats —  Rather level, extensive areas of bottomland covered by a deposit of variable thickness which is 
most frequently composed of fine sand, silt, and clay.

Frost heave —  Frost heave is the displacement of soil due to the expansion of freezing water. Frost
heaving will occur wherever there is a concentration of water in the soil near enough to the surface 
to be subjected to frost action. The concentration of water may be the result of capillary action, 
ground water table, seepage, or a collection of water in voids in the soil. The most common and 
serious type of heaving occurs where capillary action exists, the extent of heaving depending on 
the rate of capillarity.

Frost heave material —  Soils having a high capillary action, such as silts and very fine sands, cause the 
more serious frost heaves.

Fulgurite —  A linear body of sand fused by bolts of lightning. It is usually found on higher dune 
formations.

Geological erosion —  See normal erosion.
Geomorphology —  This is the branch of science concerned with the interpretation and description of the 

relief features of the earth.
Gravel -- See listing under particle size.
Groin —  A narrow structure protruding from or parallel to the shore which is constructed so as to arrest

or control the movement of sand and similar material transported by the water (see also permeable groin).
Gully erosion —  This is the most conspicuous form of water erosion. The removal of soil results from

the formation of relatively large channels or gullies cut into the soil by concentrations of runoff.
Hydrology —  The study of water, especially in relation to its occurrence underground, in streams and 

lakes, and as snow.
Ice rampart —  A ridge formed by expanding ice on a lakeshore. The weight of the ice is great enough so 

that when a sheet is forced up onto the dry beach it gouges and pushes the loose material landward.
When the ice melts a temporary ridge is left which has its steep slope facing the water.

Ice shove —  After a covering of ice has formed on a lake, if the temperature drops, the ice contracts 
and cracks open, often with a noise like the report of a gun. Water from below fills the crack and 
freezes. With the return of warmer weather, the ice expands, making the body of ice larger than 
necessary to cover the lake and causing the push or shove on the surrounding shore.

Illuviation —  An accumulation of material in a soil horizon through the deposition of suspended mineral 
and organic matter originating from horizons above.

Infiltration —  The act of water entering the surface of a soil body.
Jetty —  A solid structure, as a pier, extended into a lake or river to influence the currents or to 

protect a harbor.
Lagoon —  A shallow stretch of water which is partly or completely separated from a lake or sea by a 

narrow strip of land.
Leaching —  The removal of materials in solution by the passage of water through soil.
Limnology —  This is the branch of science concerned primarily with the biological productivity of all 

forms of surface inland waters, both moving and still.
Littoral current —  Where prevailing winds drift water against a shoreline or cause waves to break ob

liquely to a shore, there is a tendency for much of the water to move parallel with the shore.
This is the littoral current.

Low and ball —  A series of submarine bars or ridges, separated by distinct longitudinal depressions 
and lying parallel to the shoreline. The name "ball" is applied to the ridges and "low" to the 
depressions. 1



Magnetite sand —  Black particles of magnetite mineral which have a high specific gravity and which are 
sometimes deposited or left exposed by sorting action on the dry beach.

Micro-feature —  A small scaled morphological formation which is confined to a relatively minor area or 
is of an individual size which is smaller than those formations normally recognized in the various 
fields of natural science.

Normal or geological erosion —  The planation or leveling of land to base or sea level by the action of 
water, wind, waves, and ice. It us usually a slow, un-dramatic process that may not be recognized 
in the normal life span of man.

Offshore sand bar —  A ridge of sand deposited when a current carrying sediment along the shoreline meets 
calmer, deeper water which checks the current's progress and causes it to deposit its sediments.

Particle size —  Particle or grain sizes are classified under several arbitrary systems, but they generally 
correspond to the following limits, listed from the smallest to the largest size:
1. Clay —  A minute mineral particle less than .002 millimeters in diameter.
2. Silt —  A very small mineral particle of .002 to .05 millimeters in diameter.
3. Sand —  A small mineral particle of .05 to 2.0 millimeters in diameter.
^. Gravel —  A mass of pebbles not prominently flattened, whose individual diameters range from 

2.0 millimeters to 3 inches.
5. Cobble —  A rounded or partially rounded rock fragment ranging from 3 to 10 inches in diameter.
6. Stone —  A rock fragment larger than 10 inches in diameter, if rounded, and longer than 15 inches

along the longer axis, if flat.
7. Boulder —  A rounded or partially rounded rock fragment over 2 feet in diameter.

Perched dune —  A dune located on the top of a bluff, crest of a hill, ridge, or on any physiographic 
feature of older geologic age.

Percolation —  The movement of water through a soil body.
Permeable groin —  A groin that is constructed so that part of the water involved in wave or current 

action may pass through or around the individual members of the structure.
Pocket beach —  A beach located between protective land promontories or points.
Prograding shore —  A shore which by long continued deposition appears to move seaward.

Relict sand bars —  Sand bars formed by ancient glacial lakes of higher level and now visible inland as 
a result of land uplift and/or lake level subsidence.

Retrograding shore —  A shore which by continued erosion appears to retreat inland.

Rill erosion —  This is the removal of soil through the cutting of numerous small but conspicuous water 
channels or tiny rivulets. Rill erosion is an intermediate step between sheet erosion and gully 
erosion.

Riparian property —  Land having frontage on a lake or stream. The lake or stream is considered to be 
of such permanence that it drastically affects or limits vegetative growth.

Rip current —  When waves come into a shore the water must be disposed of in some way. Rip currents are 
the relatively narrow strips of water that move rather slowly seaward against the advancing waves 
for distances up to l/2 mile. The outward movement of the rip current is largely confined to sur
face water, although greater depths have been observed.

Riprap revetment —  A wall or facing thrown together without order so as to sustain an embankment. The 
facing is usually composed of natural material such as stones, branches, or brush.

River mouth bar —  A ridge of sand and other small particles formed across the mouth of a river, where 
sedimentfhas been deposited owing to a check being applied to the current carrying the sediment.

Saltation —  Saltation is the process by which very fine soil particles are rolled over the surface by 
direct wind pressure and are suddenly pushed up almost vertically from a short distance to a foot 
or more. In the air, the particles gain velocity and then descend in an almost straight line. The 
horizontal distance traveled by a particle is frequently h to 5 times the height of its jump. The 
major part of the soil transported by wind moves by this process.

Sand —  See listing under particle size; see also magnetite sand.
Seawall —  A wall built parallel to the shoreline so as to limit the shoreward movement of the water line, 

to protect the shore from wave action, and to retain backfill in place along the shore.
Seepage —  The escape of water through the soil, or water emerging from the soil along an extensive open 

surface.
Seiche t- A seiche is a relatively short, local fluctuation consisting of a periodic rise and fall of the 

water level of lakes and seacoasts; it is characterized by a rocking motion. Seiches of considerable 
size occur on the Great Lakes, and they are most noticeable in bays or sheltered areas. An influence 
which causes a local depression of the water level may produce a seiche. These influences are 
largely in the form of temporarily strong winds, sudden changes in barometric pressure, earthquakes, 
landslides, and sudden, heavy rainfall at one end of a lake.

Sheet erosion —  This is the more or less uniform removal of soil from an area without the development 
of conspicuous water channels.

Shoal —  An area of shallow water.
Shoreline -- See emergent shoreline, prograding shore, retrograding shore, and submergent shoreline.
Silt —  See listing under particle size.
Slab pavement —  A dry beach or wet beach composed of thin slabs of rock, the sorting action of waves and 

currents having removed all of the fine material.
Slip -- Slip is any movement dislocating the parts of a rock mass. It is usually a fault of slight 

displacement.
Slope -- Slope is the incline of a surface. It is usually expressed in percentage of slope, which equals 

the number of feet of rise or fall per 100 feet of horizontal distance. The slope of bluffs has been 
expressed as the angle of inclination from the horizontal as seen by the viewer.

Sloughing —  Sloughing is the act of fragments of soil or vegetal matter falling from banks, bluffs, hills, 
and other slopes.

Soil creep —  See solifluction.
Soil erosion —  See accelerated erosion.
Soil type —  Soil type names are part of a classification system used in mapping various kinds of soils 

ai~they occur in place on the surface of the earth. Each soil type possesses particular physical, 
chemical, and biological characteristics. More specific information about soil types can be ob
tained from local Soil Conservation Service representatives.

Solifluction —  Solifluction is the slow creeping of wet soil and other loose material down a slope.
Sorting —  The process whereby water or wind moving over a surface of unconsolidated material of varying 

size will pick up, transport, and deposit particles of limited diameter while leaving the larger or 
heavier particles in place.

Spit —  A bank of sand and/or gravel deposited by shore currents with one end attached to the land, the 
other in open water. Shifting currents may curve the outer point of the spit landward.

Stone —  See listing under particle size.
Submergent shoreline —  A shoreline caused by rising water level or subsidence of the land.

Surface creep —  Surface creep is the process in which relatively large soil particles (0.5 - 1.0 
millimeters in diameter), too heavy to be lifted by wind action, are rolled or pushed along 
the surface by the impact of particles in saltation.

Swash zone —  When a wave breaks at the foot of a gently inclined beach, part of the water glides up 
the slope in a thin sheet known as the swash. The area between the greatest advance of the swash 
and the water line is known as the swash zone.

Talus —  A mass of broken rocks of all sizes which accumulates at the foot of a. cliff, bluff, or other
slope, having been broken from the main body of rock or earth material by weathering and rolled down 
under the force of gravity.

Trafficability —  A rating or classification assigned to a particular area or surface which reflects 
the degree of recreational and transportational use possible or occurring.

Transient beach —  A beach of sand in the summertime, owing to low wave activity. In the winter high 
wave action erodes the sand layer, leaving the underlying cobble or other rock surface exposed.

Turbid —  Clouded or not clear, having sediments in suspension.
Undercutting —  Frequently, the material composing a bank or bluff is very cohesive. A nick may be

eroded out at the foot of such a feature by wave action and without causing the entire mass to cave 
in. When the weight of the overhanging mass becomes greater than the cohesive force of the particles 
composing it, the bluff will shear or slip off into the eroding water body.

Varve —  A sedimentary deposit which occurs in a year's time. A varve consists of a coarse, light 
colored lower part which represents summer deposition and a finer grained, dark colored upper 
part which represents winter deposition. Through their varying thickness, varves can indicate 
fluctuations in climate and stream activity.

Vegetative slump -- A mass of top soil, bound by plant roots, which gradually slides down a slope or 
bluff face. The roots hold the mass together until it disintegrates.

Water erosion —  See erosion, bluff erosion, gully erosion, ice shove, rill erosion, sheet erosion, 
undercutting, and wave stratification.

Wave stratification —  Similar to wind stratification except the agent of erosion, transportation, and 
deposition is water (see also wind stratification).

Wind erosion -- See erosion, saltation, surface creep, and wind stratification.
Wind stratification —  A process whereby alternating layers of particles of uniform size are deposited 

by the wind. If a wind of X velocity can pick up and transport all particles of a given size, 
and if these particles are deposited, they eventually become a layer. If the wind velocity 
increases to 2X, the size of the particles picked up, transported, and deposited are appreciably 
larger.
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Beach Erosion Board - Research and cooperative studies on beach erosion problems. 
Corps of Engineers 
529 Merchandise Mart 
Chicago 54, Illinois
428 Federal Building 
Milwaukee 1, Wisconsin
1900 Cadillac Tower 
Detroit, Michigan
Engineering Research Institute 
Lake Hydraulics Laboratory 
University of Michigan 
Ann Arbor, Michigan
Fish Division - Information pertaining to fisheries resources of the state.
Michigan Department of Conservation 
Lansing, Michigan
Geological Survey Division - Information pertaining to mineral resources of the state. 
Michigan Department of Conservation 
Lansing, Michigan

- Several publications dealing with beach erosion, currents, harbor studies, 
etc. Research Publication No. 1, 1950 in cooperation with the Geological 
Survey Division of the Michigan Department of Conservation is available 
(Bibliography on Beach Erosion and Related Subjects).

Great Lakes Commission - An interstate commission organized by compact to promote the cooperative study and 
Horace Rackham Building solution of problems relating to the Great Lakes (publishes a bi-monthly news letter). 
Ann Arbor, Michigan
Great Lakes Harbors As'sociation - An organization concerned with Great Lakes commerce and the maintenance and 
Box 302 improvement of harbor facilities.
Grand Haven, Michigan

Great Lakes Research Institute - An organization engaged in scientific investigations of the Great Lakes. 
University of Michigan 
Ann Arbor, Michigan
Michigan State Highway Department - Information on erosion and road stabilization in shoreline areas.
Lartsing, Michigan

• .Michigan Waterways Commission - A state agency concerned with harbor maintenance, control, and regulation of 
1302 Cadillac Square Building small boats.
Detroit 26, Michigan
U.S. Coast Guard - Information relative to maritime regulations,
3760 E. Jefferson 
Detroit, Michigan
U.S. Fish and Wildlife Service •- Information on Great Lakes fisheries.
Department of Interior 
Washington, D.C.
U.S. Lake Survey - 
Corps of Engineers 
630 Federal Building 
Detroit 26, Michigan
U.S. Weather Bureau - Data on ice formation, wind, precipitation, and other meteorological information.
Detroit, Michigan and 
other stations
Michigan Water Resources Commission - The state agency concerned with the water resources of the state,
300 E. Michigan including pollution, flood control, and beach erosion.
Lansing, Michigan

Map Sources

Bureau of Land Management - Base maps and original government surveys. 
Department of Interior 
Washington, D. C.
Geological Survey Division - Maps of surface and underground features. 
Michigan Department of Conservation 
Lansing, Michigan
U.S. Lake Survey - Catalog of charts of the Great Lakes and connecting waters. 
Corps of Engineers 
630 Federal Building 
Detroit 26, Michigan
Michigan State Highway Department - State and county road maps.
Lansing, Michigan
U.S. Dept, of Agriculture - Aerial'photographs.
Commodity Stabilization Service 
Washington, D.C.
U.S. Dept, of Agriculture - Soil type maps and soil survey reports.
Soil Conservation Service in 
cooperation with Michigan Agricultural 
Experiment Station 
East Lansing, Michigan
U.S. Geological Survey - Topographic maps.
Dept, of Interior 
Washington, D.C.

t

Publishes the Great Lakes Pilot and supplements which contain detailed descriptions of 
the Great Lakes and connecting waters and general data regarding other charted waters 
relating to physical conditions pertinent to navigation.


