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RECONNAISSANCE OF THE GROUND-WATER RESOURCES OF
ALGER COUNTY, MICRHIGAN

By

Kenneth E. Vanlier
ABSTRACT

ALlger County, in the east-central part of the Upper Peninsula, is
sparsely populated. The county is underlain by deposits of unconsolidated
clay, sand, and gravel of glacial origin, which mantle limestone, dolomite,
and sandstone of Paleozoic age. Beds of glacial sand and gravel and various
strata in the Paleozoic formations yield water to wells. Most of the county
is underlain by several aquifers. Some areas, however, are underlain by only
one aquifer. The aquifer§ yield 5 to 20 gpm (gallons per minute) of good
water in most of the county, will yield 20 to 50 gpm in much of the county,
and several hundred gpm in local areas. The water produced from wells gen-
erally is satisfactory for most uses. It ranges from soft to very hard, but
locally contains objectionable amounts of iron. The iron content and hardness
can be reduced by commonly used home water-treatment equipment. Locally in
the northwestern part of the county, the Jacobsville Sandstone yields salty
water. The salt content (principally sodium chloride) increases with depth.
In most "salt water" areas, fresh water can be obtained from wells tapping the
uppvermost beds of the Jacobsville or aquifers in the overlying glaclal drift.

Alger County is rich in water resources. Lake Superior, the surface
streams, and locally the ground-water reservoirs can be tapped to supply large
quantities of water,which should be sufficient for any foreseeable or antici-

pated economic growth.



INTRODUCTION

The purpose of the study in Alger County was to determine the general
occurrence, avallabllity, quantity, and quality of ground water in the area.
This information is needed for planning and stimulating industrial, recrea-
tional, and general economic growth of the region. This report is the sixth
of a series summarizing ground-water information in the Upper Peninsula of
Michigan.

The cooperative ground-water investigations in Michigan are directed
Jointly by O. M. Hackett, Chief, Ground Water Branch, U. S. Geological Sur-
vey, Washington, D. C., and W, L. Daoust, State Geologist, Michigan Depart-
ment of Conservation, Lansing, and are under the direct supervision of

G. E. Hendrickson, District Geologist, U. S. Geological Survey.
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County and to the State, County, and Municipal agencies whose cooperation
made this report possible. Appreciation is expressed also to personnel of
the Michigan Geological Survey, especially to members of the Geologic Names
Committee, and to members of the Michigan Basin Geological Society, who fur-

nished much valuable advice and assistance.



Previous Investigations

In the early part of this century the U. S. Geological Survey made an
investigation of flowing-well districts in the Northern Peninsula. The re-
port of this study (Leverett, 1906) provides some information on ground water
in Alger County. A later study of Leverett (1929) provides additional infor-
mation on the geology &nd shorelines of ancient glacial lakes in the county.

A more detailed study of the surface geology of Alger County was made by
Bergquist (1936). In 1949 the U. S. Geological Survey studied the probable
hydrologic effects on adjacent aquifers of proposed canals extending from

Lake Superior to Lake Michigan and Lake Huron through the eastern part of the
peninsula. Many data collected during that study are included in this report.
A study of the Cambrian sandstones in the Northern Peninsula of Michigan by
Hamblin (1958) provides considerable stratigraphic information pertinent to
this study.

Various phases of the geology and hydrology of the Northern Peninsula are
described in other reports. A rather comprehensive bibliography of these works,
which date back to 1821, is included in the report on Chippewa County by Vanlier
and Deutsch (1958a). Further information on Alger County is contained in the
publication entitled "An Index of Michigan Geology" by Martin and Straight (1956).

Information concerning the geology and ground-water resources obtained in
other counties in the eastern part of the Northern Peninsula provide an
important background for the study of Alger County. The following table‘lists

the previous reports of the reconnaissance study:



Progress Report County Reference 1/
17 Chippewa Vanlier and Deutsch, 1958a
19 Mackinac Vanlier and Deutsch, 1958b
21 Luce Vanlier, 1959
22 Schoolcraft Sinclair, 1959
24 Delta Sinclair, 1960

Well-Numpbering System

The well-numbering system used in the report indicates the location of
wells within the rectangular subdivisions of the public lands, with reference
to the Michigan meridian and base line. The first two segments designate the
township and range; the third segment designates both the section and the num-
ber assigned to the well within the section. Thus, well LON 15W 2-1 is well
number 1 in section 2, Township 49 North, Range 15 West. The 40-acre tract in

which each well is located is listed in the well records (table 2).

Methods of Investigation

This study included a review of all pertinent literature concerning the
geology and water resources of Alger County. Files of various State agencies
are searched also for useful data. Much of the time in the field was spent
checking data collected during previous years. Some additional data were ob-
tained from well drillers and local residents. Bedrock outcrops were examined
to determine the nature of the openings in the rock. Samples of water were
collected from wells, springs, and streams for chemical analysis. Samples of
glacial sediments and bedrock formations were collected and analyzed to deter-

mine permeability and other vhysical chsracteristics.

1/ See "Reference Cited at end of report.



GEOGRAPHY

Alger County is in the central part of the Northern Peninsula of
Michigan (fig.1). It has an area of about 910 square miles and includes
several islands in Lake Superior, the largest of which is Grand Island in
Munising Bay. The shoreline along Lake Superior, excluding the shoreline
of the islands, i1s about 80 miles long. The city of Munising, on the shore
of Lake Superior (fig. 2), is the county seat.

The county is served by U. S. Highway 41, State Highways 28, 67, 77,
and 94, and the Duluth, South Shore and Atlantic Railroad, the Lake

Superior and Ishpeming Railroad, and the Minneapolis, St. Paul, and Saulte

Ste. Marie Railroad.

Population and Economic Development

The population of Alger County in 1960 was about 7,500. A slight de-
crease in population had been recorded during the previous two decades.

The county is largely forested, and includes many inland lakes and
rivers, as well as several large swamp areas. The economy is related pri-
marily to forest resources and the tourist industry. The forest industries
include the manufacture of paper at Munising. Gravel and crushed dolomite
are produced.for road metal and construction aggregate. The many beautiful
lakes, streams, and the Lake Superior shoreline attract many tourists to the
county each year and the fish and wildlife resources also attract hundreds of
hunters and fishermen.

State and local governmental units are considering means of improving
the economic and recreational potential of the county. Among the plans
being considered 1s a scenic highway along the south shore of Lake Superior,
which would be part of the around-the-lake scenic highway, some of which in

Canada has already been completed.
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Figure 1.--Index map showing location of Alger County, Michigan,
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Physiogravhy

During the Pleistocene glacial epoch Alger County was covered cy
thick sheets of glacial ice and inundated by a series of glacial lakes
(fig. 3). As a result, the topographic features of the county are related,
in large part, to the erosional and depositiocnal processes associated with
the glaciers and the glacial lakes. Some of the principal topographic
features, however, relate to the configuration of the underlying bedrock
surface.

The most spectacular topographic features are the rock escarpments
along the shoreline of Lake Superior. The best known exposure of this
escarpment is the Pictured Rocks area east of Munising (fig. 4). Other
sections of the escarpment are exvosed at many waterfalls. Over much of
the county the bedrock escarpments are mantled by glacial drift. The
large hills in the Munising area are part of a glacial moraine that over-
lies bedrock highland.

The Munising moraine formsAa belt of rugged hills extending from the
area south of Grand Marais to the whitefish Valley south of Au Train
(fig. 2). Other prominent physiographic features related to glacial de-
position include the Wetmore and Kingston outwash plains. These plains
are pitted with rather large devressions, many of which are filled with
water and form most of the numerous lakes in the county. Au Train and
Zeaver Lakes occupy bays of ancestral Lake Superior. These lakes were
formed when bars, beaches, and dunes were built up across the mouths of
the bays.

The southwestern part of the county is a gently undulating plain
called the Trenary till plein (fig. 4). This plain étood above the waters

of the glacial great lakes, and the minor glacial features of the plain such
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as eskers and drumlins were not oblitereated by wave erosion or buried by
lake deposits. The drift deposits on the plain generally arﬁsquite thin,
and bedrock is exposed at some road cuts and along the bottoms of many of
the streams crossing the plain.

Bars, beaches, and wave-cut terraces mark the shorelines of extinct
glacial lakes which at one time covered much of the county. Some of these
features are many miles inland from Lake Superior. The area south and east
of Shingleton is a large swampy, lake plain, which 1s part of the Seney Com-
plex (Bergquist, 1936, p. 125).

Dunes and small deposits of windblown sand are scattered throughout the
county. Most of the inland dunes are small and are associated with the
shorelines of ancient glacial lakes. These old dunes are forested and in-
active. Many of the dunes along Lake Superior are active--that is, they
are presently being moved by the wind. The largest active dune area is the
Grand Sable dune area a few miles west of Grand Marais (Bergquist, 1935).

This dune system covers about 5 square miles.

Relief

Two highland areas in the county reéach altitudes of 1150 feet above
mean sea level. One lies west of Highway M-77 in the center of T. 48 N.,
R. 14 W.; the other is a few miles north of Sundell in the extreme western
part of the county. Several other highland areas in the western part are
nearly 1,100 feet high. Most of the highlands in the eastern part are below
1,000 feet. The greatest relief within a small area 1s at Munising; the
highest points on the hills southeast of the city, less than a mile from Lake
Superior, are more than 400 feet higher than Lake Superior, which hzs a mean

altitude of 602 feet above msl.
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Drainage

About half the county is drained by streams tributary to Lake Michigan.
The other half is drained by streams flowing to Lake Superior. Many of the
streams tributary to Lake Superior flow across one or more bedrock escarp-
ments and thus include falls, cascades, or rapids.

The county 1s poorly drained, as is indicated by the many swamps, lakes,
and ponds. There is very little surface runoff from the Wetmore and Kingston
outwash plains and the Munising and Newberry moraines, which have soils and
subsoils that are sandy and permeable, Precipitation falling in these areas
in returned directly to the atmosphere by evapotranspiration or moves to

streams by ground-water underflow.
Climate

The climate is somehwat tempered by Lake Superior, which has a warming
effect in the winter and a cooling effect in the summer. During the winter,
however, the county experiences some rigorous weather, including considerable
snowfall. Average annual precipitation at Munising is about 34 inches and
mean annual temperature is about 42°F. The average growing season extends

from June 2 to September 20.
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Table 1.--Lithology and hydrology of the rocks underlying Alger County

NAMES USED IN THIS REPORT THICKNESS
AGE LITHOLOGY (feet) HYDROLOGY
GLACIAL DRIFT The drift ranges greatly in thickness and varies
° o] greatly in permeability throughout the county.
5 In general, it is thin and not a source of water
8| Includes all the unconsolidated deposits of to in most of the extreme western and northwestern
b4 the county which range from poorly sorted perts of the county, In much of the southern
o clayey, silty, and sandy boulder tills to 200+ and southeastern parts of the county it is thick
o well-sorted sand and gravel outwash; clayey, and permeable, Although the drift deposits are
silty, and sandy lake deposits and windblown a source of water to many wells in the county,
dune sands, they sre practically untapped in many large
undeveloped areas,

TRENTON AND BLACK RIVER LIMESTONES Water is contained in and moves through zones of
interconnected openings along bedding planes
and fractures {Jjoints)., Many of these openings

Thin, irregular beds of gray to buff lime- have been enlarged by solution, Wells yleld
stone and dolomite; includes some thin beds 200+ small to moderate supplies of water suiteble
Y of shale and shaly limestone and dolomite, and adequate for domestic, farm, and other
3 needs, Zones at shallow depth are readily con-
b taminated by farm wastes, septic-tank effluents,
and other contaminants spread on the land
surface, Deeper zones are contaminated through
abandoned or poorly constructed and maintained
,?, wells,
=
2 — ORDOVICIAN AND CAMBRIAN ROCKS Water is conteined in and moves through zones of
b4 UNDIFFERENTIATED interconnected openings along fractures (joints)
o and bedding planes in the bede of dolomite and
dolomitic sandstones, Wells tapping these open-
Thinly bedded to massive, coarsely crys- 150 ings yield smell to moderate supplies of water,
ke talline to fine-grained, buff and light- The sendstone beds also yield small to moderate
o} gray to dark-bluish-gray glauconitic to supplies of water, The zones at shallow depth
= 1limestone and dolomite, sandy dolomite, are readily contaminated by sewage and other
and dolomitic sandstone, including some 200 wastes disposed of on the surface,
thin beds of "clean" sandstone, Some
beds contain as much as 35 percent
glauconite at the base of this unit,
MUNISING SANDSTONE Yields small to moderate supplies of water., May
yield large supplies to properly constructed
8 50 wells in much of the county. This is one of
3 ‘ine, medium, and coarse-grained white, the principal aquifers in the eastern part of
buff, and gray sandstone. Includes a to the Northern Peninsula,
= few feet of conglomerate at the base,
;3 225
ey
5104 JACOBSVILLE SANDSTONE* Yields water from openings slong fractures
Rl (joints), Openings tend to decrease in number
g 0 and size with depth; thus permeability tends to
«| Hard, resistant, well-cemented to quart- decrease with depth, Generally, of lovw permea-
] zitic sandstone; generally red, but to bility at depths greater than 100 or 150 feet.
b mottled and stresked with white, In- Locally, a source of saline water,
'g cludes some thin conglomeratic beds, 1000
5]
§ PRECAMBRIAN ROCKS Not a source of water,
&
g Sedimentary, igneous, and metamorphic(?) ?
& rocks.

b Accordin

g to U. S, Geological Survey usage the Jacobsville is of PreCambrisn or Cambrian age.
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GEOLOGY

Alger County is underlain by deposits of 'unconsolidated sand, gravel,
and clay which mantle a thick sequence of sandstone, limestone, dolomite,
and shale of Paleozoic age. The Paleozoic formations rest on a complex
series of Precambrian rocks.

The geologic history of the area, including a discussion of the 1ith-
ology of the various rock units, is described below. The water-bearing
characteristics of the rocks are described in the section on ground-water
and are summarized in table 1.

Geologic History

The geologic history begins in early geologic time with the formation
of masses of granite, schist, and other Precambrian crystalline rocks and
concludes with the deposition only a few thousand years ago of unconsolidated

surficial sediments of glacial origin.

Precambrian Rocks

The Precambrian basement rocks of Alger County are mantled by hundreds
of feet of Paleozolc 2nd glacial sediments. The Precambrian rocks probably
are similar to the complex series of highly folded and faulted Precambrian
lgneous, metamorphic, and sedimentary rocks that crop out in Marquette County
to the west. Thus, the basement rocks probably include masses of granite,
schist, and gneiss, and layers of highly folded and faulted quartzites, slate,

iron formation, marble, and dolomite.
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Paleozoic Sedimentary Rocks

The consolidated sedimentary bedrocks underlying the county were de-
posited in inland seas or basins which at one time covered a large part of
Michigan. Early and Middle Cambrian sediments were deposited in a basin
similar to but larger than the present Lake Superior Basin (BEamblin, 1961,

p. 8). During late Cambrian time the Michigan area included two separate
basins of deposition; one was centered in the central part of the Lower
Peninsula, the other was centered in about the center of Lake Superior.

The two basins were separated by the Northern Michigan Highland (Hamblin,
1952, p. 57, 94) which extended in an east-west direction through the
eastern part of the Upper Peninsula. This highland remained above sea level
until the closing stages of Cambrian time when the downwarping that produced
the Michigen Basin extended into the Lake Superior Basin and the two basins
were jolned together.

The Cambrian sediments of Alger County were deposited in the Lake Superior
Basin, and are thinnest along the southern boundary and thickest along the
shore of Lake Superior. The Ordovician sediments become thicker to the south,
toward the central part of the Michigan Basin. Sediments deposited in the
first Cambrian seas consisted principally of sand. The sediments deposited
in the Ordovician seas consist largely of limestone and dolomite.

Jacobsville Sandstone.--pccording to Hamblin (1958) the Jacobsville Sand-

stone is of Cambrian age.* The Jacobsville is principally a medium~grained
crossbedded sandstone, but includes beds of shale, siltstone, and coarse
grained to conglomeratic sandstone. It 1is predominantly red or reddish brown,

*According to the U. S, Geological Survey the Jacobsville Sandstone is of
Precambrian or Cambrian age.
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but is mottled with white spots, streaks, and blotches and thus can be readily

recognized. The sandstone is hard 'and resistant to erosion. It is extensively
broken and jointed in the outcrop areas, however, where it has been exposed to

weathering,

The Jacobsville was deposited in the Lake Superior Basin and, according
to Hamblin (1958, p. 51), the source area for much of the sediments was the
east-west trending Northern Michigan Highland described above. The formation
becomes thicker toward the central part of the Lake Superior Basin and thins
rapidly where it laps on the highland. Hamblin (1958, fig. 2) indicates that
the formation thins to a featheredge in the southernmost part of the county,
but is over 1,000 feet thick along the shore of Lake Superior.

In the northeastern and northwestern parts of the county and on the
islands of Lake Superior, the Jacobsville crops out at the surface or beneath
the glacial drift (fig. 5). In the remainder of the county the Jacobsville
is overlain by other consolidated sedimentary rocks. The upper surface of the
formation is rough and irregular as a result of erosion prior to deposition of

the Munising Sandstone.

Munising Sandstone.~-The Munising Sandstone of Alger County was formed

from the large quantities of quartz sand deposited over the Jacobsville Sand-
stone. The Munising is principally a white to gray, fine to medium-grained
sandstone (fig. 6), but includes beds of coarse-grained to conglomeratic sand-
stone. The cross-grained bedding of the formation indicates deposition in
shallow water. Throughout most of Alger County a bed of coarse conglomerate
is present at the base of the formation.

The Munising Sandstone of Alger County rests unconformably on the
eroded surface of the Jacobsville Sandstone and dips to the south and south-

east at about 30 feet to the mile. The formation is about 200 feet thick
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along its northern extent and less than 50 feet thick along the boundary
common to Alger and Delta Counties (fig. 7).

In general the beds of the Munising Sandstone are indurated, compe-
tent, and relatively resistant to erosion. However, some beds weather
readily and are easily eroded by wind or running water. The formation
forms the steep and overhanging cliffs of the Pictured Rocks at Munising.
The c¢liffs result from erosion, by wave action, of the beds of sandstone

at the water line.

Cambrian and Ordovician sandstone, sandy dolomite, and dolomite.--The

Munising Sandstone is overlain by a thick sequence of sandstone, sandy dolo-
mite, and dolomite. As the rocks of this sequence are exposed only at
widely separated localities and contain relatively few fossil remains, it

is difficult to separate them into distinct formations or correlate them
with known formations of the same age in other parts of Michigan or adjacent
States. The sequence can be differentiated as a single unit, however, as it
immediately overlies the distinctive Munising Sandstone and underlies the
distinctive dolomitic beds of the Black River Limestone.

The change in deposition from the "clean" sandstone of the Munising to
the dolomitic sandstone and sandy dolomite indicates a change in the source
of sediments and in the character of the sea in which the sediments were
deposited. Much of the sand deposited in these seas probably was derived
from exposed areas of the Jacobsville and Munising Sandstones.

The lower part of this sequence consists largely of dolomitic sandstone
and sandy dolomite, while the upper part 1s largely "pure" dolomite. Some
of the sandstone and dolomite in the lower part of this sequence contains a
significant amount of glauconite, a mineral commonly referred to as "green
sand". Hamblin (1958, p. 119) noted that the glauconite content in some beds

exceeded 35 percent.
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In Delta County, Michigan, and in Wisconsin, the zone of transition from
Lower Ordovician rocks to Middle Ordovician rocks is marked by beds of sand-
stone, conglomeratic limestone and dolomite, and shale. Where they are ex-
posed or penetrated by wells in Wisconsin and are penetrated in oil wells in
the Lower Peninsula, these rocks are locally called the St. Peter Glenwood
interval. Although the presence of the so-called St. Peter Glenwood interval
cannot be definitely established in Alger County at this time, beds of con-
glomeratic dolomite and beds of sandstone containing Middle(?) Ordovician
fossils locally are found below the dolomitic beds of the Black River Limestone.

Black River and Trenton Limestones of Middle Ordovician Age.--During

Middle Ordovician time the Michigan Basin sea received large amounts of soluble
minerals from adjacent oceans and land areas. Calcium and magnesium carbonate
were precipitated and were devosited on the bottom of the sea. The sediments
compacted and lithified to form the limestone and dolomite of the Black River
and Trenton Limestones. Some beds in the formations are highly fossiliferous,
and some include considerable amounts of shale.

In adjacent counties, where the entire formations are vresent, they have
an aggregate thickness of about 275 feet. In Alger County, the formations
were exposed to erosion and were worn down by wind, water, and glacial scour.
They probably have a maximum thickness of about 250 feet, in the southeast
corner of T. 44 N, R. 19 W. of Alger County. They are thinner to the north

and are only a few feet thick along their northernmost extent.

Post-Paleozoic Erosion

Thick beds of shale, dolomite, and limestone of Late Ordovician and
Silurian age that overlie the Black River and Trenton Limestones in School-

craft and Delta Counties at one time extended into Alger County. However,
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the Paleozoic Era was followed by a long period of erosion during which the
exposed Paleozoic formations were worn down and washed or blown away. As a
result of this erosion, Post-Trenton Paleozoic rocks are no longer present
in Alger County.

The bedrock surface of the county is not a flat surface (fig. 11).
Locally, it is quite rugged as a result of differential erosion that cut
down into the softer rocks and left ridges where the harder formations crop
out. The bedrock topography has been modified in more recent geologic time

by glacial scour and wave erosion along Lake Superior.

The Glacial Epoch

The most recent chapter in its geologic history is recorded in the phy-
siographic features of the area and the deposits of unconsolidated sand,
gravel, silt, and clay that underlie nearly all the county. I'ne record shows
that the county was covered by several continental glaciers. The surficial
materials (figo 8) were deposited when the last of these glaciers melted back
toward Canada. The glacial deposits are formed from rock cebris which was
scraped, scoured, and plucked from the surface over which the glacier moved.
ks the glacier moved from the north it carried along pieces of granite and
other Precambrian rocks from the Canadian shield as well as sand and pileces
of sandstone from the formations that now form the bottom of Lake Superior,
and as it moved across Alger County it picked up material from the dolomite
and limestone formations. When the glacier melted from the county thils rock
debris was left behind. The glacial devosits in the northern part of the
county are composed largely of sand, gravel, and clay with boulders of sand-

stone and crystalline rock. The glacial deposits south of the area where
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dolomite and limestone crop out consist largely of fragments and boulders of
limestone and dolomite in a matrix of sand and clay.

The glacial deposits vary not only with the source of material, but also
with the mode of deposition and can be sevarated into three main depositional
types. Materials deposited directly from the ice with little or no transpor-
tation by moving water are called "tills"; those deposited in and by moving
streams of water are called "outwash"; and those deposited in glacial lakes
are "lake deposits."

Moraines and till plains are underlain principally by till, a mixture of
sand, silt, clay, and rock which generally is not very permeable. Permeable
sand and gravel outwash underlie the outwash channels, plains, and deltas.
Lake-deposited sand end clay underlie the lake plains.

Portions of two moraines in Alger County mark the position where the
front of the glacier halted temporarily while melting back. Outwash deposits
of the county generally are assoclated with the moraines.

During this epoch the county was inundated by a large glacial lake,
which preceded present Lakes Superior and Michigan (fig. 3). The sand and
clay that washed into these lakes form the large lake plains in the eastern

part of the Upper Peninsula.

Bedrock Structure

Little is known of the configuration of the Precambrian rock surface of
Alger County. Hamblin (1958, p. 46) concluded from a study of exposures
along Lake Superior west of Alger County that "the Precambrian surface was
highly irregular at the time the Jacobsville was deposited." The Post-
Jacobsville Paleozoic sediments of the Michigan Basin were deposited in

nearly horizontal layers over the Jacobsville surface. Gradual deformation,
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subsidence, and compaction of the beds, contemporaneous with deposition and
grestest in the center of the basin, produced a bowl-shaped structure (fig. 9).
The youngest beds are exposed at the surface in the central part of this
structure in cental Michigan, and the rock units crop out in roughly concen-
tric bands. Alger County is at the north edge of the structure where the
oldest sedimentary rock units are exposed. The regional dip of the Post-
Jacobsville Paleozoic formations of Alger County is southward and southeast-
ward at about 30 to 50 feet per mile.

The bedrocks form broad cuestas across Alger County. These cuestas
generally have rather steep north and northwest-facing escarpments and
gentle slopes dipping to the south and southeast. The rock escarpments are

exposed at many of the water falls and at the Pictured Rocks near Munising.
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GROUND WATER

Principles of Occurrence and Availability

Rock strata that yield water to wells are called aquifers. Some agui-~
fers yield large quantities of water; others vield only a few gallons per
minute. The yield of an acuifer is governed by several factors, including
permeability and porosity of the aquifer materials, availability of recharge,
saturated thickness, and hydraulic gredient created by pumping.

Permeability is dependent upon the number, size, and shape of openings
in the rock material. In rocks such as soft sandstone or sand and gravel
the interstices or openings between the individual grains or rock particles
form the conduits through which the water moves. In hard, competent rocks,
such as quartzite, granite, limestorle, and dolomite, water moves through
openings along Jjoints (fractures) and bedding planes. In limestone and dolo-
mite, the openings along Joints and bedding planes commonly are enlarged by
solution.

‘Wells obtain water from interconnected water-filled openings in rock
materials. Wells penetrating rocks containing only a few small openings
yield only small amounts of water. When many large openings are penetrated,
wells yield large supplies of water,

The water level in a well depends on several factors, including altitude
of points of natural discharge of ground water, altitude of recharge areas,
permeability of the aquifer materials, and amount of withdrawal from wells in
the area.

Table 2 lists representative wells in the various areas of the county
from which the conclusions regarding source and availability of ground water

were made.



32

*Ajuno) 1abyy ur xoilem punoib yo A1ITTIqRTIRAR puUR 90INOG--°(QT 9Anbryg

*sxazInbe 21q1ssa008 axow J8yjzo
£q ureigaao sae Layjl se sTlem £q paddeq
qou axe jng ‘xsjes Jo gariddns ajeaspow
03 TTews JO sooanos TwBIjuajod aam s3oox

UBTJIQUE) PUB UBTITAODPIO PI3BTJUSIlIITPUN
pue suojspueg SUTSTUNR 8Y3 dIdYM SEIIY

*1338M JO sorT1ddns ageIspow 03 ‘M 6i°Y
Tieus JO s924n0s aI8 saogjinbe 1BTOBISZ Byjy
ATTBOOT *STT[oM 03 Jo9BmM JO adanos Tedroutad
aUy3 oJg' pue y3deop MOTTBUS 38 3JIB SOOI ¢z¢
UBTJIQWB) PUB UBTOTAODIQ Po3BIZUSI8IIIDUN 1
puB su0lsSpPuUBg JUTSTUN) SY3F SIUYM SBAIY

X r ‘Mg LY

|
:

31'13nbu'vﬂ"1

13Y¥DT00HDS
.
FeZ

*zaqen Jo sotriddns
a3BJopOoW 03 TTBWS JO $90an0s age sjisodap

1ITJIp TETOBI8 ayg ‘A1eo07 “°asITnbe
Tedtoutad ay3 st pue yijdap mMOTTBUS 3B ST
auo}spury STTTASQOOBL 83 BI2UM SBAIY

-3 .
-3

HOTLVNVIdXE

ALNTIOD

MELY

*‘ ALNNOD

Mbiy ‘MG

1NIOd
HEId ONIHONYY

IYLIHOd ONYNS

v

o_o\..o! pusly

*sxaJnbe
1ITIp-TRTOBTE Aq uTBTJI240 oa® L3yj s® STTom

£q paddes3 jou are A1Teasusd qnq ‘Iejes Jo

-3z
14V¥OTO0HDS i
JL43N0HVR

<

o =z

~I3usf) *STTom 03 Ja998A JO adanos Tedroutad o
ayq axe sitsodsp TRIOBTE ayjl aIsum seaay

SINSNIKY
ARSI TN
—\/l/\_//\_!/ ~Y
b~ NA=

ERANSAM NS

4
s20an0s Te13ua30d oIe SOUOCLSSWIT J9ATH NOBTY N o S ‘N
PUB UORUAILL 9Y3 JO SYOOI oIoUM SBIIY sv o3 St
a . x
4 M : £
ML IR =
& | D7) 459104 /
.
STIoA jSOom V) uosmBuns ‘
03 J998M JO 20an0s ay3 ags puw yadsp moTTeys mq ﬂ\\ > 5 | N
v 9v
98 9IB SOUOJSOUTT ISATY OB pUe UOUSL], | 210WIIMNFS 6 W n iy
943 JO 2UO03SaUWTT PUB S} TWOTOD SI5TM S8IIY “ Bulsunw C :
=== =7 Dt mimg 1
e | | 'S
— N | Evuuw:. ! uoyiaaq _m N
NOLLVNVIIXH m.rv _ | BA
Mp1y MGl mory _ S ¥ _ o
) B - 14VHDI00HOS | 1 L)
I , SYHODOOMOS _ g
m. 1 _ | Q _
N 0 ) ANV S|
_ | i anvao iNIOd
524 i HS13 9NIRONYT
1 | ANIOd
[ | | IVLIHOd ONVHO .
X | Mei'y MO2'Yd M2 o ‘Mm22Y
IIIIIII S SR U | U W AINRGD - .. v113g
A% ] .;/\//u. ST - £
| s 1537784 1NN NN s =
Y _ f O SN T s K i
N v ! _ NSRS IS TINRAR S Riouai ) 2
oY) AN AN N D PO T ‘N
6t o A AV A N A _m bb
o 1 ] NoVENASNMLYNN, -
ie . AN NIV AT\ S
> b4 \\//\/— /\ \l_”\///\ /\/I\II _ m
3 R VAR IR RN
< NS NN L N1 ST
o 1N10d L e ———tp e e b N —
SIDIOW PUOID  336vs v B A
mALSZ N0 \.m/\\llvx\l\/ Al !
LT i \
N o © PV_./\_M/ ,\\/\T\_\NA\\,\UV\P f N | ‘N
Gy @ m /M\ﬂ i D.l\\//\\l_\\l—/\\_///_w ! St
*Jo9BM pUNOJ8 aqejod JO 8doInos L m Hw\_\,\/\\,\\_w/\__n.u\\u\m:d_\@_ ! _ 1
. . . . ~\ L. S
ATuo ay3 s8q Avw Aoyy ‘ordwexs J0J urelL] MLy Mgy xi,\:/”\:xm\/_..(/_v,\.\_ | I
iy —— . b o = - . f— o— —
ny ‘seoeld may ® ul “*olquomrad ATojeIapOom V20,0737 AT, S i +
aI® PUB HOTUZ 399F JO SUB] TRISASS B8 W/\c:o,aaozm " |
gmoIw oSayj U sjuswipss Teloeld syjz ‘Arre N \/w\//:.\w\ﬂ,f _
|

z

bilit

N
NOLIVNY'IdXH 4
‘Mmet'd Myty MmaGi'd .Bm_Am.
_).,>.r23.n.u.0 <1 . .. S kM.(ﬂm%M_0.0IUw
A e T N SO P A B e N NN
N S0l A< RS G A5 e
o HS15 SNIROAYY
5
ER 4
)
N
6% o
18
z $37NOl B 8 z 1 ¢
- c> ANTOd 2 °
SIDJOW puoID 378vs Ny Z
: S R g
- e ; S
) - = £ 0 0
. oo a 2 ® o O A .w ord ® o .m %
o W - 4 X © 6 o @ 208 D 3
5 o & o £ 9% 8 © o= g o W & o 5 % o T
TR T T s g 2 BE OB OB 53 ° g
[a] o e [0)]
30 g & % o & M e B a w0 E ¢ b
o 0 A " R 4 « o O = O 0 ok
g ¢ D ° g & 4 ¢ o S ! =4 % & bW
6 © ¢© « e B = w O g g ¢
A ~ ot o] rm 2 v ) Q © a0 © 3 £ G4 R
o e R T SH B~ A °© ©
owoe B 8 o 8 gob o B 2 m ° ST 0 B
0 . o 9 0 o ,
£ = o o m g . %) g . e & o Gy 5 by o
o o £ o 9] I e - 0 7 [
Gq 9 Q m. 0 @ - N o qm © - 2 o S w
2 e o w oA 2 28 5 2 % 2 & 9 T8 5 s 3 % 0 9
® © ord i & —~ o8 ; - <
N o w & = E ) o B o -



33

Water-Bearing Formations

Several of the rock units underlying the county are sources of water to
wells (table 1). The various units provide at least one source of potable
ground-water supply to nearly every part of the county (fig. 10), and most
areas are underlain by several aquifers. Generally, wells draw from the
uppermost aquifers because of the higher cost of drilling deeper wells. Lo-
cally, in the northern part of the county only one aquifer is present, and in
places this aquifer is relatively unproductive or yields water of poor quality.
Fortunately, only a few small areas have such problems.

The quality of the water yielded by the aquifers of the county varies
considerably (fig. 11, table 4). Most aquifers yield water of good chemical
quality, although some yield water containing objectionable quantities of
iron, and locally the Jacobsville Sandstone yields salty water.

The water-bearing characteristics of the important aguifers in the
county are described below. The aquifers are considered in sequence from top
to bottom, or in the order that they would be encountered in drilling a well.

Glacial Drift Aquifers

The most accessible sources of ground water over a large part of the
county are the deposits of glacial drift (fig. 10). These range from clayey
ti111 and lake devosits of low permeability to highly permeable sand and gravel
outwash. The drift aquifers are tapped by relatively few wells, principally
because the best drift aquifers are in the sparsely populated areas of the
county. Locally, they provide small supplies of water for domestic use or
for motels and cottage resorts. The drift aquifers have considerable poten-

tial for additional development.
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Outwash.--The outwash deposits are composed largely of sand, but include
some gravel (fig. 12). Water moves through openings between the sand grains,
gravel, and boulders composing the outwash. Well-sorted coarse sand and gravel
contains larger openings and is more permeable than sandy outwash.

The most extensive deposits of outwash underlie the Wetmore and Kingston
outwash plains (fig. 4). The thickness of the outwash underlying the Wetmore
rlain 1s not accurately known, but it probably averages more than 100 feet.
Well 45N 19W 5-1 in the northern part of the plain reportedly penetrated 160
feet of sand and gravel outwash. No data are available concerning the thick-
ness of the outwash deposits of the Kingston plain but it probably exceeds
100 feet.

Most of the wells in the Wetmore plain are shallow driven wells equipped
with sand points. Some drilled wells are equipped with screens; others are
completed with the open end of the casing in coarse gravel. The wells furnish
small supplies of water for domestic use, parks and recreation areas, and
resort needs. Because of the small area of screen openings the maximum yield
of these wells probably is in the range of 20 gpm (gallons per minute).
Although there are no large producing wells tapping outwash in the county,
wells yvielding several hundred gpm probably could be constructed locally in
these deposits.

The water ylelded by outwash deposits generally 1s of good chemical
quality, and is soft or only moderately hard. Locally, it contsins objection-
able amounts of iron. Iron in excess of 0.3 ppm will cause staining of plumb-
ing fixtures and laundry.

The outwash aquifer is recharged directly from rain and melting snow.
Direct runoff from the outwash plains is small, as the permeable sandy soils

and subsoils permit rapid infiltration of precipitation. About 16 inches of
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the totsl annual precipitation average of 34 inches falling on the Kingston
and Wetmore plains probably recharges the ground-water reservoirs; most of
the remaining 18 inches is lost to evapotranspiration. The outwash aquifer
is discharged principally by effluent flow to surface streams. In the
southern part of the Wetmore plain the water table is close to the surface.
In this area, some water is withdrawn from the ground-water reservolrs by

evapotranspiration.

Morainal areas.--Segments of two moraines extend into Alger County

(fig. 4). The moraines can be identified by their rough, hilly topography.
The Munising Moraine trends westward through the eastern part of the county
to Munising, then southwestward to Forest Lake, and then south. Segments of
the Newberry Moraine are in Twps. 45 and 44 N., R 19 W.

The deposits underlying these moraines range from clayey tills of low
permeability to beds of highly permeable sand and gravel. Most of the de-
posits, however, consist of moderately permeable sandy till. The thickness
of the glacial materials in the morainal areas varies considerably. Where
the higher hills of the moraine overlie bedrock valleys or depressions, the
drift is over 300 feet thick. Where morainal hills overlie bedrock highs,
the drift commonly is only a few tens of feet thick. Well 45N 20W 5-2
(table 3), near Forest Lake, penetrated 219 feet of drift without reaching
bedrock. Well 46N 20W 36-1, near Stillman, penetrated 138 feet of drift.
The glacial drift probably is about 100 to 150 feet thick throughout most
of the morainal areas.

Wells tapping the glacial drift in the moraine areas produce small
supplies of water for domestic and other needs. Locally, where thick beds
of sand and gravel underlie the moraine, wells yielding more than 100 gpm

probably could be developed from properly constructed, large diameter,

screened wells,
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The aquifers underlying the moraines are recharged by local precipita-
tion. Discharge from the aquifers is to streams draining the area and to
adjacent aquifers through underground flow.

Iake Deposits.--Beds of sand that were deposited in glacial lakes also

are a source of water to wells. Glacial lake devosits underlie two main areas,
a strip along the shore of Lake Superior and a smaller area around Shingleton
(fig. 8). The lake deposits are composed principally of well-sorted fine and
medium sand, but include also clayey and silty sands (fig. 12) and lenses of
beach gravel. Locally, the lake deposits overlie other types of glacial drift.

The lake deposits vary considerably in thickness as they mantle an uneven
bedrock surface. In the northwestern part of the county, for example, they
commonly form only a thin veneer over the bedrock highs. Where valleys or de-
pressions are present in the bedrock surface the deposits are much thicker.
Well 47N 20W 32-1 penetrates nearly 300 feet of unconsolidated material, most
of which probably is lake deposit., Well 48N 16W 17-1 reportedly penetrated
262 feet of lake-deposited fine red sand. Both wells were drilled over
valleys or depressions in the bedrock surface. The lake deposits in the
vicinity of Shingleton probably average more than 40 feet in thickness, and
locally they are considerably thicker. Well 46N 18W 22-1 reportedly pene-
trated 225 feet of sand, most of which probably is laske deposit.

Lake-deposited beds of sand are sources of water for domestic and other
needs. At the present time (1960), most of the wells tapping the lake deposits
are shallow-driven wells, which commonly provide a satisfactory and inexpensive
water supply. Undoubtedly, 10 to 20 gpm can be obtained from properly con-
structed wells tapping sandy lake deposits, and where outwash or beach-deposited

sand and gravel are present wells should yield 100 gpm.
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The lake deposits commonly yield water that is soft to moderately hard,
though it contains objectionable amounts of iron. The iron content can be
reduced to satisfactory levels by commonly used home water-treatment equip-
ment.

The lake deposits are recharged by local precipitation. Discharge from
the lakebeds is chiefly to streams and directly to Lake Superior. Where the
water table is near the surface, discharge by evapotranspiration may be
dominant. Natural discharge from these deposits exceeds by many magnitudes
the amount of water discharged from wells. In areas along Lake Superior and
near other bodies of surfsce water the lake deposits would be recharged by
induced infiltration of surface water if the hydraulic gradient were reversed
by hedvy pumping.

Dunes.--The dune deposits of Alger County are related to Lake Superior
and ancient glacial lakes. The largest dune areas are near Grand Marias
(fig. 8). Other small dune areas occur throughout and adjacent to the parts
of the county inundated by the glacial lakes (fig. 3).

Dunes are composed of well-sorted, wind-blown sand (fig. 12). They gen-
erally occur above the water table and as they are not saturated, do not
yield water to wells. Most of the dunes are underlain by other glacial de-
posits or bedrocks that are a source of water.

Dune sands are very permeable, and most of the precipitation falling on

them infiltrates to recharge the underlying ground-water reservoirs.

Trenton and Black River Limestones
The Trenton and Black River Limestones are the principal source of water
to wells in the southwestern part of the county end in a small area north of

Shingleton (fig. 10). The formations are a potential source of water in other
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areas along the southern edge of the county, but are not tapped by wells
because the overlying glacial deposits are a more accessible source of water.

Water moves through openings along joint fractures and bedding planes in
the beds of limestone and dolomite comprising the Trenton and Black River Lime-
stones. OSome of the openings have been enlarged by solution. Apparently,
some beds are much more permeable than others, and those of very low permeabil-
ity act as confining layers. Where they are the principal source of ground
water the formations are at or very near the surface. The drift in these areas
is thin, generally of low permeability, and locally unsaturated. Many of the
wells tapping the Trenton and Black River in these areas are less than 50 feet
deep and most are less than 100 feet deep. The formations yield small supplies
of water to wells for domestic and farm uses. Locally, more than 20 gpm can
be developed from wells tapping these formations, especially where they are
recharged from a nearby stream.

Water from these formations is hard to very hard and locally contains
sufficient iron to cause staining. The principal guality problem, however,
is one of bacterial rather than chemical quality. The filtering action that
generally takes place as water moves through sand and gravel aquifers gener-
ally is not effective in limestone. The formations are at shallow depth, and
organic pollutants such &s barnyard wastes and septic-tank effluents infil-
trete into the upper part of the formation. If the contaminated upper part of
the formation 1s not properly sealed or closed off in deeper wells, the lower
part of the formation also can become contaminated. ECeveral wells in Trenary
and Chatham have produced contaminated water.

The formations are recharged principally from local precipitation, through

the overlying drift or, where the rocks are exposed at the surface, directly
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to the formstions. Water is discharged principslly by draincge to streams.
The amount of water discharged naturally greatly exceeds that discharged by

wells.

Ordovician snd Cembrian dolomite :nd sandstone, undifferentiated

A thick seaquence of dolomite snd sandstone underlies the Black River
Limestone and overlies the Munising Sendstone. The rocks of this sequence
yield water to wells in the western part of the area where they crop out
at the surface or beneath the glacizl drift or sre mantled by only a few
tens of feet of the Black River Limestone (fig. 10). They are an untzpped
source of water in large areas along the southern boundaries of the county
where they are overlain by glacisl drift and the Trenton and Bleck River
Limestones and are st considerszble depth. In T 44 N., R. 19 W., the upper-
most rocks of this seguence are about 500 feet below the land surface
(fig. 11).

Most of the wells thzt produce water from these rocks tap creviges and
solution openings in the beds of dolomite. Well 46N 204 36-1, for example,
taps crevices at a depth of 240 to 245 feet. The crevices are large enough
that the drill cuttings were washed into them znd were not recovered. Most
of the wells obtzining water from dolomite strata of this sequence are in
the western part of the county. They yield small supplies of water for
domestic snd farm needs. The dolomite beds might yield as much &s 50 gpm
to wells in some areas.

Some wells in Alger County produce water from sandstone strata in this
rock sequence, as do deep wells in Luce, Mackinac, Schoolcraft, and Delta
Counties. The exact thickness and areal extent of these sandstone beds is
not known. Wells 46N 17W 30-1 and 30-2 tap beds of sandstone and dolomite

which apparently lie just below the base of the Black River Limestone.
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Avparently, the sandstone beds in the upper part of the sequence become
thinner or are not present in the western part of the county. Some wells
producing water from these rocks also obtain water from the underlying
Munising sandstone, and some wells obtain part of their water from the over-
lying Black River Formation.

Wells tapping the dolomite and sandstone of this sequence yield water
of good chemical quality. Water from the dolomite tends to be harder than
that from the sandstone. Both the dolomite and sandstone yield water softer
than that from the Trenton and Black River Limestones and harder than that
from the Munising Sandstone.

The aquifers in this sequence are recharged principally from precipi-
tation falling on the area where the rocks outcrop or subcrop beneath the
glacial drift. They are recharged also indirectly from the overlying gla-
cial drift. Discharge is principally to local streams; however, some water
moves southward out of the county by underflow and is discharged through

interacuifer leakage or to wells in adjacent counties.
Munising Sandstone

The Munising Sandstone underlies nearly all of the county. It is a
potential source of water throughout its area of occurrence (fig. 10), but
it is tapped by wells only where it outcrops or subcrops beneath the glacial
drift (fig. 5). The Munising dips to the south and southeast at about 30
feet to the mile (fig. 13). The top of the formation is sbout 700 feet below
the surface in T. 44 N., R. 19 W. (fig. 11).

Water moves through openings between the sand grains of the Munising.
The formation is of moderate permeability as it is made up of well-sorted

sands (fig. 6) and is not well cemented.
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Although the Munising Sandstone forms the most extensive aguifer, it is
tapped by only a few wells. This apparent paradox is due to the fact that in
most of the area, 1t is overlain by other aguifers that can be tapped at less
cost, and the areas where it is at shallow depth are sparsely populated. The
Munising will provide small to moderate supplies of water to wells in most of
the county, but extensive development is not likely because it is overlain by
other aquifers. The formation yields water of good chemical quality. The
water is moderately hard, but can be softened by commonly used water-softening
equipment.

The aquifer is recharged by precipitation in the area of outcrop or sub-
crop. Although some recharge to the formation occurs directly on the out-

crops, most of the recharge water moves through the overlying glaclal drift.
Jacobsville Sandstone

The Jacobsville Sandstone underlies all of Alger County, though in
much of the county it has little potential as a source of water. 1In areas
along Lake Superior, however, it is at or near the surface (fig. 10) and is
important as the only source of water to wells. Most wells tapping the
Jacobsville are less than 100 feet deep, a few are much deeper. Well 49N 13W
5-4 was drilled to a depth of 1200 feet, 1100 feet of which was in the Jacobs-
ville Sandstone. It was not reported if vermeable zones were encountered in
the lower two-thirds of this well.

The Jacobsville is a well-cemented sandstone, and its primary permeabil-
ity is therefore very low. The formation is somewhat permeable as a result
of openings along joint fractures and bedding planes, and where it is exposed
or is near the surface it is extensively fractured and permeable. At depth
the openings are small because of the pressure of overlying rocks, and the

permeablility of the formation is decreased.
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Water from the Jacobsville generally is moderately hard to hard, and
locally it contains objectionable amounts of irom. The iron content can
be reduced to satisfactory levels with commonly used water-treatment equip-
ment. Wells at Deerton, Shelter Bay, and near Au Train produced salty water
from the Jacobsville. The salt water occurs in an area that is an extension of
a fault zone mapped by Thwaites (1935). A similar occurrence of salt water
in Chippewa County is also believed to be related to deep faulting (Vanlier
and Deutsch, 1958, p. 48). A fault zone would provide an avenue for salt
water migrating from the Michigan Basin. Apparently, the salt (chloride)
content increases with depth. For example, wells 47N Z21W 16-1, 3, and 4
at Shelter Bay are 110 feet or less in depth and yield fresh water. Well
7N 21W 16-2 in the same area is 144 feet deep and it yielded salty water.
Well 47N 20W 28-2 produced fresh water when drilled, but after several years
produced water containing 1800 ppm of chloride (table 4). Wells drilled in
the western part of the area where the Jacobsville 1s the principal source
of water (fig. 10) should be completed at as shallow a depth as 1s practi-
cable to prevent salty water from entering the well.

The Jacobsville Sandstone is recharged from precipitation and dis-

charges by underflow to surface streams and to Lake Superior.
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SUMMARY AND CONCLUCSIONS

Alger County is rich in water resources. Lake Superior provides a
nearly unlimited supply of water along its shoreline, several streams in
the county provide a large potential supply, and the ground-water reser-
voirs in much of the county will yield several tens to several hundreds of
gallons of water per minute. Thus, the water resources of the county are
more than ample for any anticipated or forseeable industrial or other
economic growth.

Rain and snow are the initial source of the ground water. Precipita-
tion infiltrates to the ground-water reservolirs, runs off to the streams,
or returns to the atmosphere by evapotranspiration. There is little or no
surface runoff from some large areas, as all the precipitation infiltrates
or returns to the atmosphere.

Sandy outwash plain and moraine uplands are areas of greatest ground-
water recharge. Water moves downgradient from the areas of recharge and is
discharged, via springs and seeps, to surface streams and to lakes. Stream-
flow records in the eastern part of the Upper Peninsula indicate that on the
average more than 6 inches of precipitation is recharged annually to the
ground-water reservoirs of the county.

The county is underlain by several aquifers that will yield 5 to 10 gpm
to individual wells in nearly all the county, as much as 50 gpm in much of
it, and more than 100 gpm in many small areas. Most of the ground water is
of generally satisfactory chemical quality, although most wells produce hard
or moderately hard water and some produce water contalning objectionable con-
centrations of iron. The hardness and iron content generally can be reduced

to satisfactory levels by commonly used water-treatment equipment.



Water containing undesirable amounts of chlorides (salty water) is pro-
duced from some of the wells tapping the Jacobsville Sandstone in the north-
western vart of the county. High-chloride water cannot be treated economi-
cally. Fresh water can be obtained in these areas by comoleting wells at
shallow depth, either in the upper part of the Jacobsville or in the over-
lying glacial-drift aquifers.

Water contaminated with septic tank-effluents and other pollutants is
present in a few areas of the county. In most of these areas, water of good
quality can be obteined from wells tapping deeper aquifers.

The development of water-supply systems that would produce more than
50 gpm from a well would probably call for detailed investigations at the
sites. Test drilling and aquifer tests would be needed to determine the

quantity of water obtalnable,
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Aquifer:

Use:

Depth to Water:

€3, Jacobsville Sandstone; €m, Munising Sandstone; O€u,
Black River Limestone; Ot, Trenton Limestone;
Qsg, glaclal sand and gravel,

In feet below land surface; M, measured; R, reported,

Table 2,--Records of wells and test holes in Alger County

D, domestic; I, industrial; N, not used; O, observation well; P, public supply; T, test well,

Altitude: 1In feet above meen sea level, estimated from U, S, Geological Survey topographic maps,
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rocks of Ordovician and Cambrian age, undifferentiated; Obr,
Qgd, glacial drift, undifferentiated; Qs, glacial sand; Qg, glacial gravel;

5 —
A .
w |8 T 5] ~
£ |53 = T Dl R
E 88 Owner Driller g 51 & |e 3 % 3 Remarks
= |ga vl = |4 g |5 2 3
~t = g ﬁ el -l L e 1 9 u -
T Sl E |5 (8822 28 |2
% 7 SR & [ [BI&RF |=| &% Z

o 15W
2-1 [NE SE| U, S. Coast Guard E. Anderson 1951 | -~ 210 1€y N |meoen - -

17-1 | NE SW| Mich. Dept. of Cons, Mich, Dept. of Cons,| 1960 [ 1% 75198 | P |30 R | 1960 --= | Au Sable Point Camp Ground.

LoN 14w
1-1 | MW NE| Clare Hoffman G, Pietscher ———— | -- 174 | =« | D |====- - ———

1-2 | SE SE| Forest Ostrander W. J. Rodgers 1957 {6 133 j€3 D78 R [ 1957 === | Cased to 121 feet,
11-1 {SW SW| Lake Sable Park 1927 |1} 11 |Qs | P |===u- - jommae= --- | Equipped with sand point,
14-1 [SW SW| Sayre Ostrander 1957 | 6 65 fem (D |31 R | 1957 --= | Cased to 31 feet,

Loy 13W

5.1 |SW NE| Sunset Cabins ———— 6’ 47 1Qsg | P - -
5-2 |¥WW SE| Wilkins 1946 | 2% ok | gsg| D - -
5-3 | MW SE{ Johnson 1957 G 59 { €3 D - |eccmna --- | Cased to 25 feet.
Aol foeaaa Village of Grand Marais 1900 | --] 1200 | €5 | N [--=em - [ = - i)estroyed.
6-1 |VE SE| J. C. Graham W. J. Rodgers 19ZZ g 56 (€5 | P|13.9 [ M| 7-2-57 | 610 | Cased to 25 feat,
6-2 [SE NE| Bayview Cabins | cceceescmmaceae 19 571Qs | P [-aeem - —
6-3 | SW W | Village of Grand Marais Layne Northwest 1931 | 30 8 |qsg P | & R} 1958 610 | Screened 70 to 85 feet,
7-1 |NW NE{ U. S. Air Force Hakala and Juhen 1954 | 6 150 |em | P |27 R| 1954 ——
7-2 |NE W | Oiva Ylimackie W. J. Rodgers 1957 6I 65 tem | D 21,92 M| 7-2-57 | 757 | cased tg thé‘eet,d -
8-1 {NE NE| J. E. Pleming | -emeeecmemecaao 1949 |1t 121Qs | D f----- N et ~-~ | Equipped with sand peoint,
22.1 SW | Atrport W, J. Rodgers 1948 16 158 |-- [N |57.25 | M | 8-23-60| -~
48N 16w

6 262 Pl b R | 1959 --- | Completed with open end
17-1 {SE NW | Mich, Wis,. Pipeline Co. Wm Nance 1959 Qe ot Macing in cosrse gravel,
31-1 | NE wE| Buckhill Lookout Tower ~eee |4 | 100+ [Rsg | P [62.9% [ M | 5-23-61] ---

e 15w cmee | =] e-== | Qs N |-veen R R —— ~-- | Spring, formerly used for
8-1 v i lumber camp supply.

e L5 ! — d with send point
23.1 | SE MW | John Lyons —emm (15 1k | Qs Equipped w point,

b7 224 - drock near surface,
5-1 | SE SE| Tioga Tavern 15 gg gJ ?Z? Bedrock ™
9-1 |1 NE| Peter Arsenault ;;6 _: 31 eg 725 | Bedrock near surface,
15-1 152 M%) M. G. Lines ? - 12 | € 730 | Dug into rock,

15-2 | SW NE| George Dale --:: ;g - €J 730 | Dug into rock,

15-3 | SW NE| Albert Riska ]-._58 5 %0 (_,g 730 { Bedrock at 3 feet,
15-4 | sW NE| James Volkema 9 2 2 12 | Reported to ve saity.
15-5 | SE WE| - ovedl BN 138 a .

15-6 | SE NE| Earl Sartore 1923 i; e ej -

15-7 | SE MW | Onnie Maki ——e A)

4N 214 1 8lqs |{D - 625 | Driven into sand to bedrock,
13-1|SE 88} €. C. Brown | mmeeecsosmooooces %gﬁ% }: 1%0 % D - 615 | Bedrock at 22 feet,

16-1 | SW W | Clement C. 0. Rice 8l6 | wuhley |m|eemm- R 615 | cased to 50 feet, produced
16-2 | sW W | Darrell Dhaene Wm, Nance 195 catty water.

60 615 | cased to k2 feet,
16-3 { SW NW| Pine Beach Grocery Tom Rice i9ll:7 5 g; gJ ? 1‘?___ I_{ _f?___ 61; asd to 27 feet,
16-h | SW NW| Bay View Cabins Tom Rice 19 7 g A e{% 5|51 2| 1ot 984 | Johnson Lake Lookout Tover;
32.1 | BE SW| U, S, Forest Service G. Brunner 937 cased to 27 feet.

LN 20W — : 8 71956 615 | Equipped with sand point,
28-1 [ WE SW[ Mich, State Bwy. Dept. ]1_922 — 222 2q 1}: _____ I I, 615] Yielded saline water,
28-2 | NE SW| Mich, State Ewy. Dept. 9 3 z 17| cased to 295 feet .

1960| 6 { 377|€5 [ P| 6 R| 1960
32-1 SE MWl Au Train School 1| “22les Ip] 5 | ®| 196c | 612] Equipped with sand point
32-2 | SE WW| Clarence Bonvillo ol isles [pf-l--- I 612| Equipped with sand point ,
30.% | NE NW| Mrs, Lawrence Campbell LRt R S
e 1941 610} Equipped vith 5 feet of
“28.9;’ SW NE| U. S, Forest Service G. Brunner 941 5 9§es | | 8 R| 19 oree screen’
R| 1981 613] Equipped with b feet of
28-3| sw NE| U. 5. Forest Service G. Brunner 19411 5 22]qs | P[11 9 B0 garne soreen .
615| Equipped with sand point,
29-1| SE SE Santa's Motel Henry Ames ;1.995650 l+2 N 52(;{ :‘,; 05 | B at 116 foot,
29-2 | NE SW| Louis Carr Wm, Nance 215 1% | e 630 | Flows 6 gpm.
30-1 | NE SE| Christmas Motel Wm, Nance -
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Table 2, Records of wells and test holes in Alger County.--Continued
kel
E oA R G
% ¢ g = &
I 6 6 7 b ) 8 b g
i - Owner Driller ] g ~ 1% Yo e ] k=t Remarks
- ] @ L | % L 3 &
= 5 18| 813 (.| 28|51 83| =
SO L2 &g |8 &% j=| 2% |2
% ta
b7 180
30-1 | SE NE | Cleveland Cliffs Iron Co, | -mewecoeee - 1930 == | 235 | == [T |=mem~ A 850 {Gne of 6 test wells drilled
in sections 30 and 31,
BTN 1T
15-1 | SW SE | 4. J. Campbell B 1917 |1} 30| -~ |[D - 935
15-2 | N© 3% | Melstrand School | —--=- cesmmmcecnas ——— | & 22| Qs P P I I P
bR 16U
22.1 | SW NE | Mich. Dept. Conservation |Mich. Dept. of Cons. | 1961 |2 20|Qs [P ] 7.5 [M| 6-21-61] --- |Well for public cemping
ground, Grand Sable State
Forest ,
7N 15W
11-1 | NW NZ | Mich, Dept, of Coms, Mich, Dept. of Cons, | 1961 |2 31|Qs |P |10.5 |M| 6-21-61| ~= |Well for public camping
ground, Grand Sable State
Forest ,
46N 22w
2h.1 | sW WW | Elmer Juntenen Tom Rice 1948 |6 115 | €m D |amman = | omeuna 1000 |cased to 11 feet ,
b6y 21w
15-1} N& S | Matt Rautio memmmmerm————mee 1918 |2 551 06u | D [emwwm |- {mmeamm 825 |Bedrock at 1l feet .
27-1 | VW SW | M,S.U, Experiment Station | Wm, Nance 1956 |5 90 0€u | P {25 R [1956 870 |Bedrock near surface
27-2 | SW SW | Lake Superior and Isks
peiring Railroad —emeemecceseeeaan 1948 |5 185 | Ocu {P |45 R {1949 870 |Redrock near surface
Cm
28-1 | WW SE | M.S.U, Experiment Station | Wm, Nance 1955 { 6 250 | Cm | P 870 |Bedrock near surface,
28.2 | NR SE | M.S,U, Experiment Station | cc-wreccance—cana 1926 16 961 0cu | P 870 |Bedrock near surface,
28-4 | ST sw | G, Lippinaki C. O. Rice 1952 |5 75| 0€u | D 900 {Cased to 20 feet,
29-1 | W MW | Alfred Hill C. O, Rice 1948 | 6 85| ogu |D 950 |Bedrock near surface,
20-2 | SW "W | August Lihtomaki C. 0. Rice 1948 | 6 85 ) 0Cu | D 960 |Bedrock near surfaces
29-3 | MW SE | Issac Varlti C, 0. Rice 1948 15 130 | €m D [ee==- - | mm———— 920 |Cased to 6 feet,
30-1 | NE SE | Minneapolis, Saint Paul
and S, Ste, Marie RR B LT ——- | 48 15| Qgd [N |eewme o | cocana 970 | Destroyed,
30-2 | KE SE | Eben High School = | we===- B -——-15 150 | Q€Q [P |===== - 970
<m
32-1| SW NE | Oscar Nelson C. 0. Rice 1945 |5 160 | 0€u | D |-==m=- - | m———— 940 |Bedrock near surface,
.. €m
33-1 | NE NE | Chatham Coop C. O, Rice 191%# 5 130 | 0€u | P | —=me= | = | omoean 870 |cased to 26 feet,
£m
33.2 | NE NW | A. Maki C. 0. Rice 1958 {5 690U |D |~meme [« ] ccccun 895 |cased to 17 feet,
L6 20W
5-1| E SE | Dick Perry's Resort o 22 - 615 |One of 10 similar wells,
7-1| XW SE | Dana's Resort ~——— 12— 59 - 625 |Equipped with sand point,
8-1{ SW SW | W. Krueger 1960 | 2 26 R 620 |EBquipped with sand point .
12-1| SE %W | Stanley Warcheck P B - 840 | Improved spring,
23.1| I'E NE | Logging Camp 1928 | 1} 16 - ———
31-1 | NW SE | Cleveland Cliffs Iron Co. [ e - | —————— 700%| One of several dozen
springs at Au Train Falls,
31-2 | SF SW| Cleveland Cliffs Iron CO. | -=~-=em=mc=co- ———— 6 120| €m | P |60 R | 1960 800
%6-1}{ SW FE | Lake Superior and Ish-
peming Railroad ceemcveanen 1924 | 6 259 | oeu | N | %o R | 192k 926 | Bedrock at 138 feet,
L6y 19w
2-1| SW SE | Munising Paper Company 1942 f -~ | 3| €5 | I|=-mmm -1 wm=- 615 | Yields 80 gpm,
2-2| ¥W ST| Munising Paper Company 1956 | -- | ¥13] €3 110 R} 1956 620 | cased to 378 feet,
13-1| NW NW| Gilbert Dugas Wm, Nance 1955 | 5 105 06u | D { 30 R{ 1955 860 | cased to 90 feet,
13-2| Sk SE| Otto Hammerberg Wm, Nance R 1 781 0gu [ D | ~===m B R 860 | cased to 76 feet,
s 2 | 1F 89| Terl Rembrandt Wm, Nance 1959 | 5 93] gy | P | --m=m | =] ====== | 860 ]cased to 81 feet.
N1
6-1] swW WI| Mich, Dept. of Cons. 1928 2 20| Qs | N} —cmamj o === 870 | Destroyed,
22-1| MW WW| --ceeocccoooonen .- —-a=]5 260f Ogu | N | ===-= I 860 | Abandoned €CC Camp,
22-2{ SW S¥| Lake Superior and Ish-
peming Railroad e mrme i ————— 1936 ] 6 761 s | N 35.5 | R] 1936 879
L& 1TW
S-1{ W MJ| Club Majestic -5 |35 O€u [ D ---== | mm——— - 880 | Flows, Bedrock near sur-
face.
7-1| SE ¥E| w. ¥, Crosby J. L. Nance ——en |6 132 obr | D15 R 1961 880 { Bedrock at 4 feet.
26-1| SW SE| Carroll Losh 1955 1 4 129 Obr { Pl cacun [ T - 80% | Bedrock near surface,
26-2| 3w SE| Carroll Losh e | b fT2 obr ! P o] wmeaea 803 [ Bedrock near surface,
20-1| SW SW | Shingleton 01l Co. ———- 1% 30 Qs | P R{ 1961 830 | Equipped with sand péint,
2G-2| SW SW| J, E. Blizel 1926 L |33 QSE | P | mmwuc | = | =wmeme= 830 | Equipped with sand point,
30-1| W SE| Cusino Wildlife Experi-
ment Station C. 0. Rice 1950 | 6 121 ogu{P| b R 1950 831 | cased to 60 feet .
30-2 | SW SW| Cusino Wildlife Experi-
ment Station C. 0. Rice 1950 | 6 90 |ogu|P| 4 R{ 1950 837 | Cased to 68 feet,
LSy 22w
N 36.1{ NE NE | Wm, Nance Wm, Nance ee= |5 ko | obr [ D |18 R | 1960 945 | cased to 28 feet.
SN 219
27-1| XW SW| Jacob Peterson cemrmemcee— e ———— eeeet2 |38 ObL [ D | remwm | = | voocme 920 | Bedroek at 11 feet.
28.11 NE SE | August Brazeaun C. O. Rice 195815 |50 Obr | D o] comene 920 { cased to 1b feet.
28~2 | NE SE | Charles Storm C. Q. Rice =15 55 Oby | D |=vcena =] mrrena= 920 | Bedrock near surface.
Cased to 31 feet,
29-1 | SW SW | Trounik Store J. L. Nance . Obr |D lee=e= - jemm——— 925 |Bedrock at 10 feet.
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Teble 2, Records of wells and test holes in Alger County.--Continued
L s
g |8 213 s
g g o | & ° -
= 33 Owner Drill A % pe Ty = & %
er - 3
- 8o 4 g 213 e 58 ol o £ Remarks
@ 2] s © @
£ |4 LA AIE |818% |2 2 |2
4 4
45N 20W
5«1 |NW NW| Forest Lake sSChool = | ~eccceccocaceoacan ——a| 1 50| Qs [N |eeewe
5-2 |SW SW | Forest Lake lookout tower| G, Brunner 1940 5h 219} Qsg ;’ 189 R | 1940 ??? Screened from 215 to 219
5-3 |xw W | Trudens Store 1920| 12 | 3hlas |p |-mem- - I i
hsnlfés NE SW | Arthur Addison 1959 1% 27{Qs [D ]| 10 R {1959 880 |Equipped with sand point
5-1 [NW NW | - Ry J. L. Nence 1950 6 160{qg [N ] %0 [R|19k0 960 [cased to 160 feet, plugged
and abandoned,
25-1 |SW NE | Abandoned CCC Camp | =ec==eme- ——————— - ——— 6 671qg? {0 | 13.28[M | 6-10-59 | 8b5
25-2 |NE SW | Kentucky Guard Station Geo, Brunner 1941 { 5 k7|1 Qs |N | 12 R | 8-21-41 | 845 [Equipped with k feet of no
26-1 [SE NW | U, S. Forest Service gauze soreen.
Island Lake Camp Ground mmmme———m———— -——— 19374 5 651as |P| %0 R | 1937 850 gqulpped with 34 feet of
0 gauze screeun,
26-2 |SE WW | U, S. Forest Service w405 | soles lpy 31 |r|19% 850 Equipped vith 4 ‘feet of
0 gauze screen,
26-3 |WW NE| Gene Gory | sceeemecccacan 1| 20f{qs |{P| 2 .
——ee ~——- R | 1960 840 |E: d
31-1 |{KE NE Sug;erior Foliage Preser- N % quipped With send point.
vation Ca 1k 20|qs |1 ] 10 |[R]1960 8
ik 35-1 [SE NW | Boy Scout Camp 61‘ 1251] -- P |aceae - % -?? Equipped with sand pofnt.
N 22W
1-1 {NE NE| J. L. Nance J. L. Nance i 60| Obr | D |~=em=m [ [ — 955 |Cased to 22 feet,
g-i SW NE | Mich, Bwy. Dept. Wm, Nance 5 hg obr [P | 22 R |1956 995 |Bedrock at 21 feet,
-1 feemee «- [ 398] == |T |==ew= - | o= 935 |Test well for mineral .
4y P1w exploration,
10-1 |SW NW | Robert Carlson Tom Rice 19871 6 100 Obr | D [eem-= - 880 [cased to 11 feet,
16-1 |NE SE | Minneapolls, St, Paul
and Sault Ste, Marie RR 22| obr - 860
19-2 |NE SE| Charles Maki 46| obr - | mem—— 860 |cased to 17 feet,
19-3 |NE SE| V. Davis 90| obr - 870
19-4 |NE SE| V. Davis 25] obr - 870
19-2 NE SE{ Herbs Hotel and Bar 25| Obr - 870
19-6 |NE SE | Mrs, Wm, Brown 63| obr - 870
119-7 B KE [Ed Tuomi 46| obr - 870 [ Yielded water with high
bacterial content
19-8 FE SE |Nestor Orava Tom Rice 1943 1 b L7 fobr | - | cmam= - |mm—-- 860 | cased to 21 feet,
20-1 {NW SW/| Trenary Creamery Tom Rice 1943 & o[ obr [ N - | mmm— 870 |cased to 21 feet.
20-2 | SW/| Trenary Creamery Tom Rice 1945] 8 1031 obr | N - 870
20-3 |NW SW | Frank Richmond w—memmcaecmea- womme | mcme| o= few-] ObF |- o | emm—— 870 {Yielded water with high
bacterial content.
20-4 {SW NW| W. La Combe | cemcecccemcmcmcacan e - 20} Obr | - | wemem o | mmmm—- 870 |Yielded water with high
bacterial content.
20-5 {SW NW | Mathias Twp School Tom Rice 1950| 6 103 | Obry [P | wumm= - 870 |Cased to 55 feet ,
21-1 [NE NE | Fred Lehtonen C. O. Rice 1956 6 160{ obr | D - 902 |Bedrock at b feet .
21.2 |WW SW | Foyles cwsemcemsccane 1905| -- 4o| obr [ D - 880 |Bedrock at 10 feet .
27-1 |[sw sw | John Wirtenen 19421 5 75| obr | D - 865 icased to 16 feet,
31-1 |SE SW | Mike Labrimbard 1919} 6 77] obr | D - 890 |Bedrock at b feet.
35-1 |NW SE [ Dan Reeves 1920 2 2k ot |D - 820 {Bedrock at 6 feet .
BN 204
36-1 [SW NW | Dick Mason | eese-mececcoceeooe- 1926] 2 30{ Qeg | D [ === o | m———— 800
BN 19W
1-1 |NE SE| U. S. Forest Service Geo, Brunner w1 & 35/ Qs | D|-memm N [ 8350t Equipped with 4 feet of
80 gauze screen.
1-2 [SE NE| Robert Nebel Wm. Nance 1959] -- | 102{ Qg | D |ewwm= [~ | -oowen {826
1-3 |SW NE | M. Schroeder M, Schroeder ——— 1§ 35|18 |D -- 825 |Equipped with sand point.
23-1 |SW SW|{ Chafee Log Cabins C. L. Johnson 1960 1& | 25{ Q8 |P|--=m- - [ m=—-- - ]800 |One of 10 driven vells 23
to 35 feet deep.
Geo. Brunner 19k0] 5 30{ @8 | P|=-=="m - - 800 |Equipped with bk ft of 80

2k.}

U. S. Forest Service

gauze #creen .
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Table 3,--Logs of wells and test holes in Alger County

Thickness in feet, Depth, bottom of stratum, in feet below land surface

Thick- Thick- Thick-
ness Depth ness  Depth ness Depth
LGN 15W 2-1 L7N 21W 32-1 45N 20W 5-3
Glacial drift: Glacial drift: Glacial drift:
Sand 29 29 Clay, sand, and stones 15 15 Sand, yellow 31 31
Jacobsville Sandstone: Munising Sandstone: Gravel, brown 3 3k
Shale, red, sandy 56 85 Sandstone 28 43
Sandstone, iron-stained 15 100 USN 19W 25-2
Shale, red, with lenses LN 21W 27-2 Glacial drift:
of sandstone 25 125 Glacial drift: Sand 23 23
Shale, light-tan with Soil 3 3 Sand and clay 15 38
layers of red sand 25 150 Ordovician and Cambrian rocks Sand ] 47
Shale, red, with lenses undiff,;
of sandstone 25 175 JLimestone, loose 14 17 45N 19W 26.1
Sandstone, fine to Limestone, solid 168 185 Glacial drift:
coarse 35 210 Sand 30 30
LEN 20W 36-1 Sand and clay 15 45
Lon 1bw 1b-1 Glacial drift: Sand 18 63
Glacial drift: 30 30 Sand 85 85
Munising Sandstone; Sand and small stones 15 100 45N 19% 26-2
White sandstone 35 65 Quicksand 32 132 Glacial drift:
Clay and gravel 1 133 Sand 30 30
LON 13W 5-4 Sand, coarse 1 134 Hardpan 13 43
Glacial drift: Sand b 138 Sand, coarse 7 50
Sand, gravel, clay 100 100 Ordovician and Cambrian rocks
Jacobsville Sandstone: undiff,: LuN 22W S-1
Sandstone, white and Dolomite 121 259 Glacial drift:
red 1100 1200 Green soapy rock at 259 Gravel 21 21
Black River Limestone
“QN 13W 6-1 46N 18W 22-1 Rock 24 L5
Glacial drift: 25 25 Glacial drift:
Jacobsville Sandstone: Sand 225 225 44N 22W 9-1
Sandstone, red 31 56 Ordovician and Cambrian rocks Black River Limestone:
undiff:; Limestone 20 20
LoN 13W 6-3 Dolomite, hard 10 235 Dolomite 60 80
Glacial drift: Munising Sandstone: Ordovician and Cambrian
Sand 33 33 Sandstone 25 260 rocks, undiff.,:
Clay 1 3k Dolomite, sandy 1k0 220
sand 12 46 46N 18W 22-2 Dolomite, glauconitic,
Sani and clay 9 55 Glacial drift: sandy 80 300
Clay, blue 11 66 Sand, fine 50 50 Munising Sandstone:
Sand and gravel 20 86 Sand, coarse 5 55 Sandstone 93 393
Sand and clay 5 90 Jacobsville Sandstone:
oN 130 7-1 Sandstone, red 5 398
Glacial drift: L6N 179 30-1 Precambrian:
Topsoil 11 11 Glacial drift: Metamorphic rocks at 398
Hardpan 7 18 S~nd, red 10 10
Munising Sandstone: Sand, white 30 40 Ly 21W 31-1
Sandstone, coarse, Sand and fine gravel 18 58 Glacial drift: 4 &
white 112 130 Ordovician and Cambrien rocks, Trenton Limestone:
Sandstone and shale 20 150 undiff,: Limestone, blue 46 50
Sandstone, hard 2 €0 Black River Limestone:
LBN 16W 17-1 Sandstone and limestone 50 110 Limestone, gray 27 17
Glacial drift: Sandstone, soft 11 121
Sand, red, fine 262 262 LIy 21W 35-1
Gravel, coarse at 262 4sN 21W 27-1 Glaciel drift: 6 6
Glacial drift: Trenton Limestone:
7N 22W 15-5 Sand, brown 11 11 Limestone, gray 18 2k
Glacial drift: Black River Limestone:
Sandy loem 1 1 Limestone, blue 27 38 LYN 19W 1-1
Jacobsville Sandstone: Glacisl drift:
Sandstone, brown 1hg 150 L5N 20W 5-2 Sand 27 27
Glacial drift: Sand and gravel 8 25
47N 21W 16-3 Sand 190 190
Glacial drift: Clay, red, and sand 15 205
Sand, fine jit-3 up Sand, water-bearing 14 219
Jacobsville Sandstone:
Sandstone, red 33 75




Aquifer sampled: Qs, Glacial sand; Qsg, Glacial sand end gravel; Obr, Black River Limestone;

Table 4,-.Chemical analyses of ground-water samples from Alger County, Michigan

Analyzed by:

M - Michigan Department of Health;

U - U, S, Geological Survey

rocks undifferentiated; €m, Munising Sandstone; €3, Jacobsville Sandstone,

O€u, Ordovician and Cambrian
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