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RECONNAISSANCE OF THE GROUND-WATER RESCURCES OF

DELTA COUNTY, MICHIGAN

By

William C. Sinclair

ABSTRACT

Delta County is on the north shore of Lake Michigan in the south-
central part of Michigan's Northern Peninsula. The county is sparsely in-
habited, except for the Escanaba-~Gladstone area along the west shore of
Little Bay de Noc. large areas of the county are forested,

The county 1s in the northwestern part of the Michigan basin,
where Paleozolc rocks of Ordovician and Silurian age form the bedrock
surface., During the Pleistocene epoch, a discontinuous mantle of glacial
drift of varying thickness was deposited on the bedrock surface.

Most of the ground-water supplies of Delta County are derived
from various bedrock aquifers. Several deep and relatively large-capacity
wells tap the sandstones of the Munising and Au Train formations in the
western part of the county. About half the wells in the county, however,
obtain small to moderate supplies at shallow depth from limestone of the
Black River and Trenton formations. Shale of the Collingwood formation
and the basal members of the Richmond group yield small amounts of highly
salline water. Limestone and dolomite of the Richmond group locally are a
source of frest ground water on the Stonington Peninsula and northeastern

part of the county. The Cataract formation yields small to moderate



supplies of water fo %ells in tﬁéléogpheastern part of the county, but the
water is very hard and has a high éulfate content, On the Garden Peninsula,
the Burnt Bluff and Manistique formations are sources of hard to very hard
water, which is otherwise of good chemical quality. In many parts of the
county, the glacial drift is a sourcé of small supplies, These deposits
have considerable potential as a source of moderate to large supplies in
the presently undeveloped northeastern part of the county.

Although adequate quantities of ground water are available
throughout Delta County, adequate supplies of good quality may be difficult
to obtain”in various areas. Fresh-water aquifers tapped at depth must be
protected from vertigal leakage of saline water through uncased wells
penetrating shales of the Richmond group and Collingwood formation or
saline-water-bearing zones in other aquifers. Pumping from various parts
of fresh-water aquifers may result in ldcal changes in ground-water regimen
and may cause migration of water of inferior chemical quality from adjacent
aquifers. In this manner, water of high sulfate content from the Cataract
formation has entered tasal members of the Burnt Bluff formation. Lastly,
the shallow limestone and dolomite aquifers of Delta County, which are
readily recharged through fractures and crevices, are highly susceptible

to contamination from surface scurces.



INTRODUCTION

Purpose and Scope of Study

A ground-water reconnaissance of the eastern part of tite Northern
Peninsula on a county-unit basis was begun in 1955 as péft of the continuing
cooperative investigation by the Michigan Department of Conservation and the
U. S. Geological Survey to determine the general occurrence, availability,
quantity, and quality of ground water. Basic ground-water information
pertaining to this part of the State is needed for anticipated economic
and population growth after completion of the St, Iawrence Seaway and the
Mackipac Straits bridge.

This report is the fifth in the}series of interim county-recon-
nissance reports, and it summarizes the ground—water data obtained in
Delta County during the 1958 field season. ‘The first four reports of the
series, describing in general the ground-water resources of theveastern
part of the Northern Peninsula, have been published by the Michigan Geo-
logical Survey and are listed below, Pertinent data from those reports

are used freely herein.

Progress County Reference 1/
_report
17 Chippewa Vanlier and Deutsch, 1958a
19 Mackinac Vanlier and Deutsch, 1958b
21 - Luce Vanlier, 1959
22 Schoolecraft Sinclair, 1959

1/ See "References Cited", at end of report.



Cooperative ground-water investigations in Michigan by the
U. S. Geological Survey are directed jointly by P. E. LaMoreaux, chief
of the Ground Water_Branch, U. S. Geological Survey, Washington, D. C.,
and W. L. Daoust, State Geologist, Michigan Geological Survey, lansing,
Michigan, and are under the direct supervision of Morris Deutsch, district

geologist of the Federal Survey, in lansing.

Previous Investigations

‘Various phaseé'of the geology and hydrology of Delta County
are described in several reports of investigations made in the Nérthern
Peninstula of Michigan. An investigation of flowing-well districté in
the eastern end ‘of the Northern Peninsula was made by Leverett (1906),
who also described the glacial features of the region and their signifi-
cance (1929). A reconnaissance of the probable effects on ground-water
levels of 'a Lake Superior-level canal from Munising, in Alger County, to
Rapid River was made by the U. S. Geological Survey for the Corps of Engi-
neers in 1949, Some of the data used in this report were collected during
that survey. Hussey (1936, 1950, 1952) studied the Ordovician rocks under-
lying most of the county and Ehlers and Kesling (1957) described the Silurian

rocks of the Garden Peninsula and adjacent areas.
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Michigan Geological Survey and Michigan Department of Health, who furnished

valuable data and assistance.

Well-Numbering System

The well-numbering systém used in this report indicates the
location of the wells within the rectangular subdivisions of the public
lands, with reference to the Michigan meridian and base line. The first
two segments of a well number designate the township and range; the third
segﬁent designates the section and the serial number assigned to the
well within the section., Thus, well 43N 23W 4-1 is well number 1 in section
Ly, Tovnship 43 North, Range 23 West. The locations of wells to 4O-acre
tracts within the section are given in table 3. See also figure 13, -
which shows the distribution of--and also serves as an index for--Delta
County well records, water-level information, logs, and chemical analyses

referred to in the text and listed in tables 3, 4, and 5.
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GEOGRAPHY

\beifa County is in the south-central pért of the Northern
Peninsula along the north shore of Green Bay (fig. 1). It is bordered
on the west by Menominee and Mar@uette Counties, .on the nbrth by Marquette,
Alger, and Schoolcraft Counties, and on the east by Schooleraft County.
It has an area of 1,180 square miles’and a shoreline along Big Bay de Noc,
Little Bay de Noc, and lske Michigan about 260 miles long . Escansba,
on the west shore of Little Bay de Noc,’ is the county seat. The county
includes a chain of small, uninhabited islandé lying between Green Bay
and Iske Michigan ana extending from the tip of the Garden Peninsula
toward the Door Peninsula of Wisconsin (fig. 2). Two small islands are

located in Big Bay de Ncc.

Population and Economic Development

The population of Delta County in 1957 was 31,920, about two-
thirds of whom reside in the ﬁscanabafGladstone area. The city of Escanaba
serves as the major center of State Government for the Northern Peninsula.
Large areas of the county are sparsely populated.

Ore large manufacturer of industrial equipment and several
smaller metalworking concerns are located in the Eséanaba—Gladstone area.
The tourist industry is of growing importance to the economy of the
county. The remaiﬁing industry iﬁ Delta Couﬁty is largely related to the
county's natural resources; production of lumber, pulpwood, paper, and

other forest products constitutes a major industry. Some of the limestone



in Delta County is used for road metal and aggregate (Smith, 1916).
Building stone has been quarried from the Manistique dolomite in the
vicinity of Fairport. Sand and gravel for consfruction is produced
from glacial deposits fhroughout thé county.

Férms consti£ute 22 percent of the land area of the county,
and most of the farmland is used for the production of dairy products.
In 1954 there were about 900 farms in Delta County, most of which were
in the Western part of the county, but by 1960 the number of farms
declined to aﬁéﬁt 600, The only known irrigator in the county is

located on the Garden Peninsula and pumps water from Big Bay de Noc.

Transportation

The county is served by the Chicago and North Western; the
Escanaba and lake Superior; and the Minneapolis, St. Paul and Sault Ste.
Marie Railroads (fig. 2).

U. S. Highway 2 links the area with Sault Ste. Marie and
Micnigan's Southern Peninsula by way of the Mackinac bridge, U, S. 2
and 41 provide access to Michiganis iron- and copper-mining regions and
to the North-Central and Nofthweétern States, These roads, along with
State Highway M-35, U. S. Forest Highway 13, and several county roads,
provide é network of hard-surfaced roads in the county.

Delta County is served by North Central Airlines through the
Escanaba Airport and by interstate bus and truck lines. The harbor at
Escanaba is an important shipping point for iron ore and, along with
docking facilities at Gladstone and Kipling, receives much of the petro-
leum, coal, and other products shipped to‘the area by way of the Great

Iakes Waterways and St. lawrence Seaway.



L4VYII00HIS

- <>
~o mezy 1104130 aNvAst
/ \/ wNd

'yoiw ‘Aunog p4jag 40 dow ‘'z aunbiy

o
anNvasi
SHIBNVHD
diysumoy (621ydosboab jo woaboig SIANNY M [+
_lw'nllnnlenl |nn| ..mn[l“nl_ '
L |
" s2 |92 | ¢z | 82| 62 oL_ \
i 1 7
1 vz | sz |22 | 2|0zl e i ‘N
; 1'% g
— 11l il 1l 9l ral 81 _ 1 Y
N\
| &
2 It O (3 L] 3 _ > 0/4
_ | O
| 1 >
! z £ 1 s 9
N U TR U E M N

anNvsi

/
/
9,98
kS,
QSA /7 aNvst 9
/ NOLONIHS VM
~ > / >
~ /
/ oz«._w_a \ \w
~ Y
~
Q N / »
\ \
aNvS) aNvIs
q1n9 371114 NILUVN 1§
aNvIsI
,N, The Q
ANvIsl aNvIs! ®
>._.¢u>oao AT3AVED
\ 4
r =
aNvTsl
o HIANNNS M
2
A N NZ
£ cm
1 ONYIS 1 m
YIANWNS A
‘W ERFYE] A %
=
j40daiod &
7R |
> ! _ ©
& N
w_m o JoniY paod _ ozn
1 NP | e
REYYI'H
ER 4 _ 409
© |
& -,
T ~ s § 2 = |
AR g ® @ N e 258
4 | 3 - _ ~ b Z
\ ™ @
9 Y] m L
_ aNv1sI aNnoY o _ 0qounds3
N £9¥ 09 So
mm_ , 48 =z “ Wed ~¢ ds " < o
! t » 0
_ uapio9 _ SIIOM %o ﬂ
i 0 aNVTS)
_ ? Tveia 18
. N
e
_ v »
T} gult oo owyoN R
_ N
O _ v _
\4 *~
wv Gl
*l AR |
_ & |
: 4 Bui|diy
_.. I D PN Mnozy _ MIZH ~ w2z y
’ ; Z SN
11eqos| mo% _ WSS B dS N i
" _ nc:omeano S i _
] uimo
: | A G i,
iy ! |
3 _ PELL-]
<
g H h
- © ;
ﬁ ) I_l suiyJed A“T. woq s|jod Kauog Yy
- . _ J ‘09 3L1INDUYN
< ~
=z S
= _ 7
“07
.%q mo = 000 _ mzv
1 = 3 * 1
|
y _
_ ¥ooy
31 R
L 2, _ R\
N b _ he N
£y * _ RN m.._.c
* _ | =
9
_ dod
M8y : Moy MoZY Mz M2 I MEZY
‘00 14VHOTO0HIS | 0D ¥4391v (09D L13NDEVAN

rgZ



Physiography and Relief

The shoreline and much of the sufface configuration of Deita
County resulf from differences in resistance to erosion of the underlying
bedrock formations, as illustrated by figure 4. The formations crop
ocut in roughly parallel bands trending southwest-northeast and dipping
gently to the southeast.

The bluffs, which form the west shore of Garden Peninsula
and outlying islands, are part of the prominent Niagara Escarpment, a
major physiographic feature which may be traced across the northern rim
of the Michigan basin, from the type locality at Niagara Falls, N. Y.,
to the Door Peninsula of Wisconsin. The bluffs and islands ére composed
of hard, resistant limestone and dolomite formations of the Niagara
series. The soft gypsum and shaly dolomite members of the Cataract
formation, which have been eroded to about 100 feet below lake level,
form the trough occupied by Big Bay de Noc. The Stonington Peninsula
is fofmed by a resistant limestone ridge of the Richmond group. The lime-
- stones of the Richmond éroup are underlain by shale, which also has been
eroded to .gbout 100 feet below lake Michigan level and forms the trough
occupied by Little Bay de Noc. West of Little Bay de Noc, the limestone
and dolomite of the Black River and Trenton formations form the bedrock
surface, which rises rather evenly toward the northwest and attains an
elevation of 1,000 feet above sea level (420 feet above Lake Michigan)
in the vicinity of Lathrop in the northwest corner of the county.

Delta County was glaciated during the Pleistocene epoch~-a time
when many of its physiographic features were formed; In the northeaétern

part ¢f the county, glacial deposits form highlands and ridges of considerable



relief, West of the valley of the Whitefish River, the land surface
generaily fefiecfs thé configuraiion of the underlying bedrock and is
more subdued. Extensive swamps cover much of the lowlands of the county
as well as poorly drained areas in the uplands, A large part of the
county Was.covered by the waters of early glacial lakes, as indicated
by lake plains, beaches, and sand dunes, which are important physio-

graphic features in some areas.

Drainage

... The surface drainage of Delta County is divided into several
narrow watersheds all draining to Lake Michigan by way of Big Bay and
Little Bay de Noc. Natural drainage in much of the county, however, is
in an early stage of development, as indicated by numerous and extensive
swamps. The drainage divides in some areas are obscured by low relief
and the extensive swamps. In the western part of the county, the streams
follow the dip slope of the underlying bedrock, but the Whitefish, Sturgeon,

and other rivers to the east flow along old glacial drainageways.

Climate

Delta County receives an average of 29.2 inches of precipitation
a year, Temperature ranges and precipitation totals at Escanaba for
5-day periodg ffém July 1958 through December 1959 are sbown in figure;
9, The annual nmean temperature is 41,9°F, Recorded temperature extremes
range from -31°F.to 100°F, The average date of the last killing frost in
the spring is estiﬁated to be May 12, and that of the first killing frost

in the fall, October 5.
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GEOLOGY

The sedimentary rocks of Paleozoic age including the Jacobsville
sandstone of possible Precambrian age that underlie Delta County rest upon
Precambrian igneous, metamorphic, and sedimentary rocks and are mantled
discontinuously by glacial deposits of Pleistocene age. The areal dis-
tribution of the Paleozoic rocks is shown in figure 3 and that of the
glacial deposits in figure 5. The lithology and hydrology of the various
rock units underlying the county are outlined in table 1 and are described

in the section on ground water.

Summary of Geologic History

The Paleozoic rocks that underlie Delta County consist of
limestone, dolomite, shale, sandstone, ana gypsum. These rocks were
deposited in the shallow seas that covered the Michigan basin during
most of the Paleozoic era, The wide diversity of the sediments deposited
is evidence of fluctuating sea levelé, oscillating shorelines, and a
variety of sediment sources,

During the Mesozoic and most of the Cenozoic eras, the Paleozoic
sediments were subjected toherosion, which resulted in the creation of
some of the major physiographic features of Michigan. These features,
later modified by Pleistocene glaciation, include the Niagara Escarpment
and the major valleys now largely odcupied by the Great Lakes.

A period of glaciation (the Pleistocene epoch) followed the
long interval of erosion. During this epoch, ice migrated southward

from accumulation centers in Canada during the course of at least four
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Figure 3. Bedrock geology of Delta County.



Table 1.--Lithology and hydrology of the rocks underlying Delta County. 15

NAMES AND SYMBOLS USED IN THIS THICK-
AGE REPORT NESS HYDROLOGY
LITHOLOGY (feet)
Glacial drift In most of the southern and western
Undifferentiated (Qgd) parts of the county, the drift is thin
ol & & Sand (Qs); Gravel (Qg) 0 |and discontinuous, and hence is a source
ale s Sand and gravel {Qsg) to |of very small supplies of fresh ground
=l 8 : 200+ jwater, The thickest and most permeable
s ‘g - Varied deposits of poorly sorted till drift deposits, which have considerable
© & hd ranging in composition from clayey to potential for future development, are
o bouldery; sand and gravel outwash, saniy in the northeastern part of the county.
lake deposits, and dune sand, all of
which are relatively well sorted,
Not an important source of water because
Engadine dolomite (Sm) 10t {of its small areal extent and thickness.
Massive hard bluish-white dolomite
Manistique dolomite (Sm) Potentially important as s source of
o . 150 |water in the sparsely inhabited eastern
L1 Thinly bedded to massive light-buff to half of the Garden Peninsula,
=1 8 % |brown and gray cherty dolomite,
o Ralhal .
E == Burnt Bluff formation (Sb) Important aquifer in the Garden Peninsula,
A Yields moderate to large supplies of water]
2 Thinly bedded to massive light-gray to = | 250t {Of good quality, although generally hard.
buff calcitic dolomite., Basal strata connected hydraulically with
the underlying Cataract formation.
Yields moderate supplies of water of poor
o Cataract formation (Scl) quality--very hard, and high in calecium
o~
K Buff to gray dense cherty, shaly dolo- 2sqt |and sulfate content.
= mite and gray shale interbedded with
thin layers of gypsum,
5 Limestone and dolomite of Yields small amount of hard, but generally
8 Richmond group {Or) not objectionable, water to large-dia-
S 300+ |meter shallow wells, Locally yields water
~ Thinly bedded shaly limestone and dolo- high in sodium and chloride content.
£ mite interbedded with shale and a few
8 massive beds of limestone,
K| Shale unit of the Richmond group 135 Permesbility low, Contains highly saline
and Collingwood formation (Orc) to water,
] Gray to dark-brown shale interbedded 300
-.3 with limestone,
-t
b4 Trenton and Black River Yields moderate amounts of hard, but not
b+ Y limestones (Otb) objectionable, water throughout the
o o] western part of the county. Locally
A Thin, irregular beds of gray to buff 300 contains saline water
= limestone and dolomite interbedded with 4
thin shale layers or lenses,
© Au Train formation (Oat) These rocks are connected hydraulically
fir i and form a single squifer which will
§ £7F | Thin- to medium-bedded sandy dolomite 300 |yield moderate to large supplies of water
2 = | and dolomitic sandstone with many thin of good quality in much of the county.
lenses of quartzose sandstone, Salinity mey increase basinward, The
% Munising sandstone (€m) 50 water is under considerable pressure and
2 & te |¥ill flov from wells in low areas along
»§ j Fine- to medium-grained white to gray 200+ the Great Lakes shoreline,
S sandstone with lenses of silt and shale,
.
Precambrian Jacobsville sandstone (€3) Of small areal extent in county, if
or Red and white quartzose sandstone, ? present at all. Not a potential source
_ Cambrian of water,
Precambrian Metamorphic and igneeus rocks ? Not a source of water,
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major glacial stages. The glaciers scoured and abraded the surface and
transported vast amounts of material'plupked from the surface, With melting
of the ice Sh€€£S, this material was deposited over the eroded Paleozoic
rocks.

The glaciallfeaturés of Delta County resulted largely from the
Green Bay Tobe of the last of the'majbf continental ice sheets (Wisconsin
glacier) that covered the Northern Peninsula. The Green Bay lobe invaded
the afea now éccﬁpied by Delta County along a general north-south axis
marked~b§'theivalieys of the Au Train (in Alger County) and Whitefish
Rivers.v Dgring ﬁeriods of relative stability while the Green Bay lobe
-waé méiﬁipg,»large moraines were deposited iﬁ the county along the ice
_ufrOQt;;lMpst:¢f the moraines are segments of the Marquette and Sturgeon
.ﬁoréinic'systemé (Martin, 1957), althoggh not enough field work has been
done to distinguish between them in Delta County. A portion of the New-
bérry'moraine that extenés into Delta County from Schoolcraft County
(Sinclair, 1959) probably is correlative with the Sturgeon moraine.

At the close of the Pleistocene epoch, a succession of glacial
lakes covered much of Delta County, and at one stage water flowed directly
into the Lake Michigan Basin from the Lake Superior Basin along valleys
presently occupled by the Au Train and Whitefish Rivers., Uplift of the
land, which had been depressed by the ice, changed dralnage patterns,
lake eleﬁations, and shoreline positions (Leverett and Taylor, 1915,
and Hough, 1958). The result of thesé chaﬁges was a succession.of glacial
upper Great Lakes. Lakes Superior,. Huron, axd Michigan represent the

modern stage of this succession., Bars, beaches, wave-cut terraces, and
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dunes, which are present throughout the county, mark various shorelines

of this succession of lakes.

Bedrock Structure

The Precambrian surface upon which the sedimentary rocks of
Delta County are deposited slopes generally southeastward toward the
center of the Michigan basin. The Paleozoic rocks of the basin were
deposited in nearly horizontal layers, but gradual subsidence and compac-—
tion of the beds, which was contemporaneous with deposition and greatest
in the center of the basin, produced a bowl-shaped structure. The youngest
beds are exposed at the surface in the central part of this structure in
the center of the Southern Peninsula, and the older formations crop out
in roughly concentric bands. Delta County is near the northwest edge
of the basin, where the oldest sedimentary rocks are exposed. The
regional dip of the formations in Delta County is to the southeast at
about 40 feet per mile. The formations tend to become thicker toward the
center of the basin,

Although the structure of the faleozoic rocks throughout the
county has not been studied in detail, Hussey (1950, 1952) described

several small east-west-trending anticlines in the Stonington Peninsula.






GROUND WATER

A rock formation, part of a formation, or group of formations
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that yields water in usable quantities is called an aquifer. The imaginary

surface consisting of all points to which water would rise in wells tapping

an aquifer is called the piezometric surface. Aquifers may be classed

as water-table or artesian. In a water-table aquifer, ground water is
unconfined; its surface 1s termed the "water table" and may be considered
to be the piezometric surface of that aquifer. The zone of saturation

is that portion of the formation in which openings are filled with water,
In an artesian aquifer, ground water is confined under pressure between
relatively impermeable strata, Under natural conditions, the water in a
well that is finished in an artesian aquifer and is tightly cased through
the overlying confining bed will rise above the béttom of'that bed, and
therefore the piezometric surface is above the top of the aquifer. In
topographically low areas, wells tapping artesian aquifers may flow at
the surface. An artesian aquifer is full of water at all times, even
when water is being removed from it, although an artesian aquifer may

be dewatered locally by heavy pumpiné.

Porosity 1s the ratio of the volume of open spaces in a rock to
the total volume of the rock. Porosity is generally described as primary
or secondary. Primary porosity is that present in rocks when they are
first formed. Secondary pofosity is developed by processes that affect
rocks after they are formed. The porosity of unconsolidated deposits is
generally greatest where they are well sorted, and least where they are

poorly sorted. In consolidated rocks, the extent of fracturing and
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solutional openings and the degree of cementation and mineral encrusta-
tion around primary and secondary openings are generally the most
important factors determing porosity.

The capacity of a material to transmit water under pressure
is called its permeability. The degree of permeability depends on
the size and shape of the openings and the extent to which they are
interconnected. The coefficient of permeability (P), as used herein,
is reported in meinzers and is defined as the number of gallons of
water per day that will move through a cross-sectional area of 1 square
foot under a hydraulic gradient of 100 percent at a temperature of
60°F. The field coefficient of permeability is the same except that
it is measured at the prevalling temperature of the water. Coeflfi-
cients of permeability of most important water-bearing materials are
greater than 10 meinzers. The permeablility of some sand and gravel
samples collected in Delta County was as high as 5,000 meinzers (fig. 8).

The ability of the aquifer to yield water to a well is
related also to its thickness and extent, A measure of the capacity
of a given aquifer to transmit water is called its transmissibility.
The coefficient of transmissibility (T) is defined as the number of
gallons of water per day, at the prevailing temperature, that will
move through a vertical strip of the aquifer 1 foot wide and of a
height equal to‘the thickness of the aquifer under a hydraulic
gradient of 100 percent, or 1 foot per foot. Hence,‘the transmissi-
bility of an aquifer is the average fleld permeability of the rock

multiplied by the thickness of the aquifer in feet.
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The yield of a‘well is a function of the transmissibility
of the aquifer and the efficiency of the well. It is commonly expressed
in terms of the specific capaciﬂy-uthe yield of water ih gallons per
minute for each foot of drawdown in water level caused by pumping of
the well. The specific capacities of 14 wells tapping some of the
bedrock aquifers in the county are given in table 2.

The aquifers underlying Delta County consist of a variety
of consolidated and unconsolidated rocks. The chief consolidated rock
aquifers are composed of strata of sandstone, limestone, or dolomite.
In sandstone aquifers, water may move through both primary openings
between individual sand grains and secondary openings along fractures
and bedding planes, Water in limestone and dolomite aquifers moves
predominantly along fractures and bedding planes and other permeable
zones developed by weathering and solution,

Shale interbedded with limestone and dolomite commonly is
of low permeability and yields very little water to wells. Shale is
important, however, as a confining bed in an artesian system and
because the contact zones between beds of shale and limestone or
dolomite commonly are paths of ground-water movement.

Aquifers in the glacial drift are the most accessible source
of water in some parts of the county. The water is contained in the
spaces between rqck particies, and the permeability of the drift varies

with the size, shape, and degree of sorting of the —articles.
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Table 2.--Specific capacities reported for wells in Delta County
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LoN 23W 31-1 Otb Limestone 45 2.5 - 0.06
41N 22W 23-1 Oat Sandstone 100 165 36 1.65
LON 22w 22-2 | €m do. 180 Loo 720 2.2
LON 18w L-3 Sc Limestone 25 20 1 .8
39N 22W 6-5 Otb do. 35 8 12 .2
6-7: | Otb do. 5 10 .1 2.0
29-1 £m Sandstone 100 300 - 3.0
.30-2 | €m do. 12 | 660 - 2/ 5.5
30-3 £m do. 230 560 - 2.4
31-1 £m do. 160 590 - 3.7
39N 18w 7-6 Sc Limestone 5 17 5 3.0
38N 23W 14-1 oOtb do, 21 10 1 .5
16-2 €m Sandstone 150 k2 - .3
16-2 €m do. 90 26 - 3

l/ See table 1.

g/ Average of several tests,



23

Ground Water in Consolidated Rocks

Precambrian Rocks

Precambrian igneous, metamorphic, and sedimentary rocks
underlie all of Delta County but are everywhere mantled by consolidated
Paleozoic sedimentary rocks of varying thickness. (See figs. 3 and 4.)
The depth to the Precambrian rocks near the village of Rock in the
northwestern part of the county was logged at 610 feet in well 43N
23W 35-1 (table 4), but well 4IN 19W 20-1, at the Flowing Well Camp-
ground in the eastern part of the cQunty, drilled to a depth of 1,160
feet, failed to reach the Precambrian rocks. There is little doubt,
however, that the total range in depth to these rocks in Delta County
is greater than indicated by the above information.

The composition of these rocks is known only at a few
scattered areas where test holes for iron ore have been drilled.
Future development of Precambrian rocks in the county as a source of
water is unlikely because of their depth and probable low permeability

and because they lie beneath two relatively permeable sandstone formations.

Jacobsville Sandstone of Precambrian
or Cambrian Age
The Jacobsville sandstone is a red and white quartzose
sandstone, which overlies the Precambrian rocks along the south shore
of Lake Superior. Although the Jacobsville sandstone attains a thick-
ness of more than 1,000 feet in Alger County, it thins rapidly to the
south and has not been identified in any wells in Delta County. Hamblin
(1958, fig. 2) shows the formation pinching out along the northerm

boundary of the county., Hence, the Jacobsville sandstone cannot be
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an important potential source of water in Delta County, although it

is tapped as a source of supply in Alger and Marquette Counties.

Munising Sandstone of late Cambrian Age and
Au Train Formation of Early and Middle Ordovician Age

The Munising sandstone and Au Train formation form extensive
aquifers and are potential sources of fresh water throughout Delta
County. Because they have similar lithologic characteristics and in
some areas may be hydraulically connected, and because subsurface
data necessary to distinguish between them is sparse, they are treated
bherein as a single aquifer, The Munising is composed of fine- to
medium-grained white to gray sandstone and includes some lenses of
shale and siltstone. The sandstone commonly is cemented with silica.
The Munising ranges in thickness from 50 to 200 feet in the county.

A 300-foot sequence of thin- to medium-bedded sandy dolomite
and dolomitic sandstone with lenses of quartz sand overlies the Munising
sandstone., Van Hise and Bayley (1900) proposed the term "Hermansville"
for this sequence of rocks. More recently, Hamblin (1958, p. 115)
suggested that this term be abandoned and replaced by the term “Au Train®,
as the thickest sections and best exposures known are at Au Train Falls
in Alger County and because no type section for the "Hermansville" was
given by Van Hise and Bayley. The name Au Train formation is therefore
accepted for use in this and subsequent repérts of this series of studies
and hence supersedes the term "Hermansville® used in previous reports

of the series.
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The Munising and Au Train formations crop out in adjacent
areas of Alger and Marquetté Counties, at elevations of about 1,000
feet above sea level, but dip beneath the younger consolidated rocks
in Delta County. In ﬁﬁe Escanatz-Gladstone area, the top of the Au
Train formationk is about 275 feet below the level of lake Michigan.
Wéter in this aquifer is confined by overlying beds of dense dolomite
and shale of the Black River limestone. In many parts of the county,
wells tapping théléaﬁdstoﬁe flow at the surface, énd yilelds as great
as 250 gpm‘(gallons per minute) have been reported (table 3). The
sandstone beds of boﬁh the Munising and the Au Train formations yield
most of the water producéd'from tﬁis aquifer. However, fractures and
solﬁ%ioﬁ oéenings in the dolomife beds of the Au Train may yield some
water.. |

These fonﬁations are tapped by mgre than 60 wells in Delta
County. Most are privately owned domestic wélls in the western part
of the couﬁty. Sévefal public and industrial wells also tap this
aquifer, The éity.of Escanaba obtained its main source of supply
from this.aqﬁifergduring and after World War Ii, Later, however,
the city abandoned ifs ground—waﬁer supply system, becausé of inade-
guate yields, hardness, ﬁigh iron content, and civil actions against
the city by owners of wellé finishéd in the Au Train formation at

depths of 325 to 350 feet.
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'Biécg'Ri;e; ana Trehéon Limestones of
e ‘Middle Ordovician Age

bThé Black‘Ri;ef and Trenton fdrmations overlie‘the Au Train
formation and form the bedrock surface in Delta County weét of Little
Bay de Noc:ana the valley of the Whitefish River (fig. 3). These forma-
tioné ﬁave been described in detail by Hussey (1936, 1950, 1952)..
Hussey aifferentiated between the Black Ri&er and the overlying
Trentbn limestone primarily bn fossil évidence. However, the litho-
logic and hydrologic characteristics of the two formations afe s0
simiiér'that in tﬁis report no distinction is made between them.

fhe Black~River and Trenﬁon formations ;re composed of thin,
irreguiar beds ofvgray.to bﬁff limestone and dolomite interbedded with
thin layers and lenses of shale., The thickness of these rocks in Délta
County rahgéé from 150 to BOvaeet. Wﬁere the entire section is
presen£ (overlain by yoﬁnger formations), it is about 300 feet.

'These formations.are the‘chief sources of water in the
western part of the couﬁty; where the water is commonly obtained at
moderate deﬁth, A few wells in the esstern part of the county tap the
Black River and Trentonvlimestones at depth, although most wells in
this area tap overlying aqgifers, The water moves almost exclﬁsively
in openings along bedding planes and joints or other fractures. These
secondary openings have been enlarged through solutional activity of
percolating ground water,

Tﬁe specific capacity of wells tapping the Black River and
Trenton formations is generally low (table 2), and, although the many
wells tapping this aquifer are adequate for domestic and farm needs,
in most places the rocks would not yield an adequate supply for large

industrial users or irrigators.
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Collingwood Formation and Richmona Group
of ILate Ordovician Age

Shale unit.--A sequence of shale strata including the
Collingwood formation and the basal members of the Richmond group
overlies the Trenton rocks in the eastern half of Delta County. Where
exposed, in the banks of Bills Creek and Haymeadow Creek and in the
cliff that forms the east shore of Little Baj de Noc near Stonington,
the shale is thinly bedded, fissile, and generally soft, although the
sequence contains a few beds of hard shale as thick as 6 inches. The
color varies from light gray to dark brown on fresh surfaces, which
weather to a light blue. In many places the shale grades into a dark-
brown limestone, which is moderately hard, coarsely crystalline, and,
in some‘plaées; very fossiliferous. The thickness of the shale unit
varies greatly; sections of 135 and 300 feet have been reported (wells
L4IN 19W 20-1 and 39N 21W 29-1, table 4).

The shale beds are of low permeability, and the water con-
tained in them is of poor quality. The yield of well 39N 22W 36-1
near Stonington, drilled to a depth of 300 feet and completed in the
shale unit, was so small that the well was never used. It is unlikely
that the shale unit is a potential source of fresh ground water at

any place in Delta County.

- Limestone and dolomite of the Richmond group.--The upper

300 feet of the Richmond group is composed of numerous thin layers

of shaly limestone and dolomite interbedded with thin layers of shale.
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A few of the limestone beds are maSsi&e,'hafd,ﬁand cherty. (Hussey,
1926, 1950). The beds range in color from light gray to dark brown,
although many of the rocks turn bluish gray upon weathering., These
rocks lie at or near the surface throughout most of the Stonington
Peninsula, and form the bedrock surface in a band 6 to 8 miles wide
that extends through the northeast corner of the county (fig. 3).

The permeability of these rocks is low compared to that
of other beds of limestone and dolomite in the county. This is due
in part to the numerous shale layers, which impede the movement of
ground water. Secondary openings along bedding planes and joints or
other fractures are not well developed in the soft shaly limestone
and dolomite, as these rocks are not sufficiently competent to sup-
port such openings. Some water, however, does move through secondary
openings in the few hard massive limestone and dolomite beds in this
rock sequence.

Several dozen wells in the Stonington Peninsula and a few
scattered wells to the northeast (table 3) obtain small supplies of
water from the limestone and dolomite in the Richmond group. About
half of these are dug wells of large diameter. Because of the low
permeability, ground water in this aquifer moves into wells very
slowly. Large dug wells may yield adequate supplies from such an
aquifer because of their relatively gregt entrance areas and storage
capacities., The Michigan Deparﬁment of Health (Faust, 1937, p. 13),
however, discourages the use or dug wells, primarily because they are

especially susceptible to contamination from surface sources.
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Cataract Formation of Early Silurian Age

’

The Cataract formation is composed of three members° The
basal dolomite is gray to buff gray, massive to thinly bedded, and.
cherty in the upper part. It is overlain by a gray shale, which con-
tains many thin heds of gypsum and dolomite, The upper member is a
gray and buff cherty dolomite 1nterbedded with layers of gypsum and
shale (Ehlers and Kesllng, 1957, p. 6). The Cataract formation is
about 250 feet thick in eastern Delta County.

| The basai dolomite probably does not crop out in the county.
The shale is‘at or near the snrface in the sandy plains north of Moss
Lake. The upper dolomite member is at or near the surface in the ahea
between Isabella and Nahma and forms the bluff along the east 51de of
Moss Lake. The rocks of the Cataract formatlon dip gently toward the
southeast beneath the rocks of the Niagara series near the western
shore of the Garden Peninsula.

Many of the wells near the northern end of Big Bay de Noc
in the Nahma-Isabella area obtain water from the Cataract formation.
The Cataract is permeable as a result of solution openings formed by
leaching of the gypsum beds. The soluble gypsum in the formation is
the source of calcium and sulfate, which commonly reach objectionable
concentrations in water taken from the formation; (See "Quality of

Water".)
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Niagara Series of Middle Silurian Age

Roéks éf the Niagara series form ihe prominent c¢liffs that
line the western shore of the Garden Peninsula and form the bedrock
surface throughout the Garden Peninsula and-adjécent islands. The
glacial drift in much of this area is thin and discontinuous.

The rocks of the Niégara series are predominantly hard,
resistant limestones and dolomites. Wells drilled into ﬁhem obtain
water from permeable zones forﬁéd largely by solution and weathering
at ﬁh; sﬁrface and by golutional activity of peréolating ground water
at aéﬁth. Sélution probably was greatest along beds of limestohe;.
whiéh ié more soluble than dolomite, Not all beds of 1iﬁéétone,
however, have been made permeablevby éolutional éctivity. Develop-
ment of solution openings in somé strata probably was biocked by the
initial impermeability of the bed.§r by restriction of ground-water
flow by adjacent strata of low permeability.

Generally, permeable zones in the Niagara rocks are thin
and are separated by relatively thiék beds of low permeability.

Thus, the yield of a well tapping a permeable zone in these forma-
tions does not increase significantly until the next permeable zone

is reached. This contrasts with the yield of a well tapping permeable
glacial drift, which increases roughly with the amount of the formation:

penetrated,

Burnt Bluff formation.-~The Burnt Bluff formation is com—

posed of about 250 feet of thinly bedded to massive light-gray to

buff calcitic dolomite. More than 200 feet of these rocks is exposed
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in the cliffs at various places along the east shore of Big Bay de Noc.
The formatlondls}present in Delta County only in the Garden Penlnsula
and offshore 1slands and in a small area northeast of the head of Blg
Bay de Noc.

Generally, moderate subplies of fresh water can be obtained
from this formation, and locally 1t w1ll yield large water supplles,
Most of the drilled wells on the Garden Peninsula tap the Burnt Bluff
formation. Records available from the early 1900's indicate that
artesian pressures in this aquifer were sufficiently high to produce
£lows sbove the land surface from wells along the shore of the bay,.
Data in table L, however, indicate that the artesian pressure has '
decllned considerably since that tlme,

| Well 39N 18W l7~l, owned by the Vlllage of Garden, pene-
trated‘the Burnt Bluff formation and was completed in the underlying
Cataract formation, The water obtained from this well is a mixture
of watef froﬁ both formations. As the quality of water from the Bumt
Bluff fofmatioﬁ 1s far superior to that from the Cataract, precautions
should be taken to avoid complete penetration of the Burnt Bluff when

drilling for water. (See "Quality of Water".)

Manistique dolomite.--The Manistique dolomite is a thin-

bedded to massive light-buff to brown or gray cherty dolomite. In
Delta County it is present only on the Garden Peninsula and offshore
islands. The formation is thickest (possibly as much as 150 feet) on

the extreme south tip of the Garden Peninsula and on Summer Island,
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whéré.iﬁ is.éﬁgflain Ey thé Eﬁgaaine'dolomiﬁe. On ﬁhe Wesﬁ edge of
thé éa?dennPéninsuia, éll Eut‘abthin remmant of'the.formation ﬁas
been removed by erosion. This remmant lies above the reglonal water
table. The Manistique dolomite is of significant thickness and of
potential importance as an aquifer only in the presently undeveloped
areas along the Lake Michigan side of the peninsula. Hence, the
formation is a source‘of supply for bnly a few wells in the county.
These wells tap thé relatively large interconnected secondary openings
that are charaéteristic of the formation from Delta County to Mackinac
County.

Engadine dolomite.-~The Engadine is a massive hard bluish-

white dolomite and is an extensive énd important aquifer in the eastern
part of the Northern Peninsula., In Delta County, however, only a thin
remnant of the basal part of the formation is present on the southeast
tip of Garden Peninsula, PovertybIsland,vand part of Summer Island.

No wells in the county are known to tap the Engadine. It has little
potential for development as an aquifer in Delta County, because it

is thin and small in areal extent.

Ground Water in Unconsolidated Sediments

The mantle of unconsolidated rock material that covers much
of Delta County (fig. 5) was deposited by the Green Bay lobe of the
Wisconsin ice sheet, which pushed dbwn the valleys now occupied by the

Au Train and Whitefish Rivers during the Pleistocene epoch. This
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material wéévplucked from the surface by moving ice and redeposited

as till, outwash, glacigl-lake sediments, and dunes. These deposits

are differentiated on the basis of their mode of deposition, Till is
generally unstratified drift that was deposited directly from the ice,
with water pla&ing a minimum part in the process. Outwash is stratified
rock material deposited by meltwater draining from the glacier. Glacial-
lake sediments are stratified fine-grained materials laid down in glacial
lakes. Dunes are composed of_well—sorted sand deposited by wind. Most

of the dunes in Delta County are associated with the glacial epoch,

" The general term used to describe all these unconsolidated sediments

is giacial drift.

The physical and, hence, hydraulic characteristics of the
drift deposits vary also with the type of material from which the drift
was derived. The sandy drift, which is predominant in the southeastern
part of the county, was derived mainly from the Cambrian and Ordovician
sandstone formations and to a lesser extent from the Precambrian igneous
rock in the Lake Superior region.

Clayey drift deposits, such as the ciayey till in the western "
part of the county, were derived largely from the Ordovician limestone,
dolomite, and shale formations described above and perhaps from clay
deposits in the Lake Superior Basin.

The permeability of the drift deposits varies with thé size
of the individual grains and Qith the degree of sorting. The most

permeable drift sediments are the outwash deposits, which are composed
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of larger particles of rock and are relatively well sorted. Sandy and
gravelly till that contains only minor amounts of clay and silt is
generally of moderate permeability. Clayey till, however, 1s of low
permeability. Dune sand and lake-deposited sand, which are well sorted
although relatively fine-grained, also are of moderate permeability.
Lake-deposited silt and clay or silty, clayey sand is generally of

low permeability.

The drift mantle of Delta County varies greatly in thick-
ness, as shown in figure 6. The glacial drift is thickest in the
northeastern part of the county and in an area west of lLittle Bay de
Noc; in at least one place, it is more than 200 feet thick. In the
western part of the county and in the Stonington and Garden Peninsulas,
the drift is generally thiﬁ.or discontinuous.

Figure 7, which shows the generaliged caniguratior‘ of the
bedrock surface, was constructed largely from well records and bedrock-
outcrop data and calculated on the basis of preliminary topographic
sheets available at the time of the field study. Figures 6 and 7
indicate preglacial valleys in the bedrock surface extending north-
eastward from Big Bay de Noc and Little Bay de Noc, both of which
probably represent submerged extensions of these bedrock valleys.

Parts of these valleys are buried under 100 to 200 feet of glacial

sediments.
Till

About half of Delta County is underlain by deposits of till.
On figure 5, these deposits underlie areas mapped as till plains, mor-

aines, and drumlins, which are distinguished basically by physiographic
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differences rather than by dif%erences in 1ithology:or Watérébearing
characteristics, Till plains (also called "ground moraines" on some
maps) are areas of relatively low relief having gently rolling surfaces
that are underlain by till deposited during relatively warm intervals
in the glacial stages, when the ice front was wasting back toward its
source., Moraines are ridges composed predominantly of till. Till
plains commonly lie édjacent to and between the moraines, which were
built up by deposition during temporary halts in the recession of the
ice. Drumlins are elongated, streamlined depositslof till probably
deposited beneath outer parts éf moving ice sheeté. The moving ice
probably eroded the deposits to tﬁeir typical shapes and was responsible
for their marked parallel orientation. |

| Till plains.-~The nbi«'thweste}n part of ‘the county is under-
lain by a till pléin (fig. 5), which e#iends northward into Alger and
Marquette Counties. The low relief of this plain is interrupted in
many places by hills and ridges formed by the underlying Trenton and
Black River formations. These rocks lie at relatively shallow depth
(fig. 6) throughout nearly all the area of the till plain. Another
till plain lies at the north end of the Stoningtpn Peninsula, Till
deposits are present elsewhere in Delta County, especially on the
Stonington and Garden Peninsulas, but- these deposits are discontinuous
or form only a veneer over the bedrock surface; hence, they’are not
shown on figure 5. Becauéé the deposits underlying the till plains
in Delta County are generally thin and of 10& permeability, they will

not yield supplies of water adequate for most uses.,
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Three samples of till-plain deposits were collected in Delta
County for analysis of permeability and particle-size distribution by
the Hydrologic laboratory of the U. S. Geclogical Survey at Denver.
The analyses (De 1, 2, and 3, fig. 8) show that the sorting of the
till-plain deposits is generally poor and'the permeability is low,
Sample De 1 was composed of almost 80 percent of clay and silt by
weight and had a permeability of 4 meinzers. Sample De 2 contained
nearly 50 percent sand and gravel particles by weight and had a lower
permeability (0.2 meinzer) than sample De 1, which contained less
clay and was better sorted in the silt-size range. The permeability
of sample De 3 was not determined in the laboratbry, but probably
was higher than that of samples De 1 and 2, because of its lower
clay and silt contenﬂ and better sorting in the fine- and medium~sand
range.

Drumlins.--Several drumlins composed of glacial till are
present in the southwestern part of the county, in Tps. 37 and 38 N.,
R. 24 W, The till is very similar in composition to the till-plain
”deposits described above, Sample De 4 (fig. 8) was almost identical
in clay and silt content to sample De 3 but had a somewhat higher
content of larger sized particles. The permeability of this sample
was determined as 17 meinzers. Because of the generally low permea-
bility of the drumlin till, the drumlins are not a potentially
important source of ground water.

Moraines.--Moraines are ridges composed predominantly of
glacial till deposited along the relatively static front of a glacier.

Commonly they include, and are associated with, deposits of stratified
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outwash. The disiribution of the moraines in Delta County is shown

in figure 5. Oﬁe large moraine trends southward along the western

part of the county from near the city of Mérquette in Marquette County.
to the vicinity of the village of Ford River. This moraine consists
of numerous low hills and ridges composed of a characteristically red
ti1l. Samples De 6 and 7 (fig. 8) indicate that till from this moraine
contains a larger percentage of coarse materials by weight and is con-
siderably more'permeable than the adjacent till-plain deposits. The
relatively high pemeability of sample De 7 does not indicate that the
moraige in the vicinity of the sampling point is a source of large
quant&ties of water, as morainal deposits in the western part of the
county are considerably thinner than those in the eastern part. Mosér
wells drilled in the areas mapped as moraine in the western part of :
the céﬁnty tap the underlying Trenton and Black River formations. A f
few domestic supplies of water are obtained from these morainal deposits
by dug wells of large diameter.

In the northeastern part of the county, several large
discontinuous moraines extend from the Alger and Schooleraft County
lines along the Sturgeon and Whitefish Rivers to the shore of Ogontz
Bay, west of Nahma. The portion of the moraine along the Sturgeon
River is a continuation of the Newberry moraine of Schooleraft and
Alger Counties described by Bergquist (1936, p. 69-75). The portion
along the Whitefish River appears to be a continuation of the Munising
moraine, also described by Bergquist (p. 79-80). In the northeastern
part of the.céunty, the moraine is characterized by rugged relief and

deep pot-hole lakes, The topography of the southern part of the moraine



b5

is much more subdued, as a result of wave erosion by the succession

of glacial Great Lakes. The composition of this moraine is predomi~
nantly sand and gravel, although some clay is present. Sample De 8
contained less than 5 percent of clay and silt by weight and 85 per-
cent of gravel- and boulder-sized particles. The clay content, however,
generally increases toward the south. In one area, the drift deposits
underl;}ing this moraine are 200 feet thick or more (fig. 6). The
morainal deposits in this area may yleld moderate quantities of water
to wells, although there are local variations in composition and per-
meability. A few domestic wells obtain small supplies of water from
these deposits, but for the most part the area is very sparsely popu-
lated and generally undeveloped. The water table is controlled by the
level of the sufrounding lakes and streams, and much of the morainal
ti1ll lies above the regional water table.

A segment of a moraine in T. 41 N., R, 18 W., 1s an extension
of the Cocks moraine, most of which lies in Schoolcraft County (Berg-
quist, 1936, p. 68-69). This moraine ranges in composition from a
clayey till to a boulder till, although it is composed predominantly
of a silty sand. As much as 200 feet of drift underlies the moraine
along the trace of a bedrock valley extending northward from Little
Bay de Noc. Moderate quantities of water, sufficient for domestic
use, may be available to wells that are properly constructed to screen

out the silt and fine sand.
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Hlacial=lake Deposits

1ta County are underlain by sand, silt, and
lay deposited in the glasial Great Lakes. For the most vart, the

sand, and hence the lake-plain

areas shown or ~ore 5 are mapped as "sandy lake plain®. Over large

areas of the county, the lake deposits are sabturated with water and are
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Permeability 1s controlled by the size and degree of sorting
of the component particles and is affected greatly by relatively small
percentages of silt or clay. Samples De 14 and 15 (fig. 83, collected
from the sandy lake plain north of Big Bay de Noc contained 69 and 36
percent clay, and 25 and 58 percent silt, respectively, and undoubtedly
were of very low permeability. In general, however, the lake deposits
are sandy and are sources of supply for domestic wells in various
places throughout the county. Most of the wells tapping the lake
sand are shallow, small~diameter driven wells equipped with sand
points,

A sand sample collected from a swamp-covered lake plain
in sec. 10, T. 37 N., R. 24 W., had a permeability of 600 meinzers
(sample De 16, fig. 8). The sample was extremely well sorted, con-
sisting of 95 percent of fine~ and medium-sized sand grains. It
appears that the deposit from which the sample was taken was originally
a dune, but was subsequently submerged in the'wéters of the glacial

Great Lakes.

Dune Sand

Areas of windblown sand are prevalent in the county.
Although very permeable, these deposits are above the water table
in most areas, and thus cannot be considered as a source of water
to wells, However, because of high infiltration capacities they
are important as avenues of ground-water recharge to the areas they

0CCUPY .
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Sourée and Recharge Areas -

N

Tﬁe initiél soufcé of ail fresh groﬁnd water in.the aguifers
of Delta Coﬁnty is pregipitation, and the averaée annual precipitstion
over the county is 29.2 inches. Most of the precipitation, however,
does not enter the groﬁnd-watef reservoirs but is dissipatéd by evapora-
tion, transpiration, and diréct fun;ff into.streams.

The amount of precipitation that does enter the ground-
water reservoirs is influenced by several factors, including the
duration,'intensity9 and type of pfecipitation; the density and types
of vegetation; the topography:; and the porosity and permeability of
the soil,vsubsoilg and underly?ng rocg formations, Also, an aquifer
that is already fuil to overflowing obviously cannot receive additional
water, |

. Cénditions for recharge are favorable in the parts of the
county that are underlain by permeable glacial sediments (fig. 5) and
in Jarge areas of the county where permeable limestone and dolomite
at or near the surface have large infiltration capacities, Some
areas of the county are underlain by clayey glacial sediments, which
impede infiltration of precipitation into the ground-water reservoirs,
Infiltration is retarded also in areas where shale or shaly limestone
or dolomite is at or near the surface, such as in the Stonington Penin-

sula,
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Movement of Ground Water

The movement of water underground is similar to movement
in surface Streamé, by gravity from high to low levels. Percdlation
of water through and around rock particles below the surface involves
a great améunt of friction, and hence is much slower than the flow of
water upon the surface. Rates of ground-water movement differ greétly,
from a féw>feet per year to many feet per day. Water may travel con-
siderable distances underground from recharge areas to areas doWn—'
gfadient,'Whefe it may once mdre reach thé 13nd’surfadé—~appear as
ééébsjbf spfiﬁés; jéiﬁ fhe.floﬁ of sﬁréams,'ehter lakes, or eséape
to the atmosphere by'évaporaﬁidﬂ'and £ranspiration. Where undisturbed
by manmade diversions, the water table conforms generally to the eon-
figuration of the 6verl§ing Jland surface and exactly to the piezo-
metric surface.  In the deeper artesian aquifers, however, the shape
of the piezometric sﬁrface may:differ considerably from that of the
land surface, .Wher;e more than one aquifer underlies the same area,

water may migrate from an aquifer of high head, to one of lower head.

Discharge of Ground Water

Water is discharged from ground-water reservoirs by evapora-
tion and ﬁranspiration and through wells, springs, and drains. Because
much of the county is covered by dense growths'of forest and swamp
vegetation, the amount lost by evapotranspiration is presumed to
represent a large percentage of the total discharge. It is likely,
also, that large amounts of ground water are discharged at depth

directly to Lake Michigan and associated bays.
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Water-level Fluctuations

Effects of Climate

Although long-term records of changes in water levels 1in
wells in Delta County are not available, the relation between levels
and the influences of climate for the.short period of record 1s shown
in figures 9 and 10. According to avallable data, ground-water levels
in belta County fluctuate with seasonal changes in the rate of recharge
to and discharge from the aquifers. During the spring, water from snow-
melt and rainfall infiltrates into the ground, and water levels in wells
rise. ?h;svinfiltrationlto the aquifers is reduced by greatly increased
evapotranspiratiqg during the warm weather and the growing season.
Water levels, therefo;e, usually decline throughout the summer and
early fall. The end of the growing season in the fall combined with
precipipation greater than is needed to satisfy soll-moisture require-
ments may result in some recharge to the aquifers. Below-freezing
temperatures in late fall and in the winter preclude any further
appreciable recharge, as the ground is frozen and precipitation is
in the form of snow.

Figure 9 shows the fluctuations of water levels in two
wells along with records of precipi£ation andAtemperature at Escanaba.
The fluctuations of water levels in well 39N 23W 28—3, finished in the
sands£0ne, are not as 1argé as those in well QlN 18W 31-2, finished in
the limestone and dolomiﬂe, owing to the greater storage capacity of
the sandstone., The limestone is dense, and storage is confined largely

to cracks, crevices, and fissures, whereas water in the sandstone is



51

'6G6-8G6| ‘DGobuposy D $jpjo} uoijoidiosld Aop-Gg pup
‘sobupi 9unipiadway} Aop-G ‘€-82 MEZ N6E Pub 2-1¢ M8 Niby Siiem jo sydosboipAy ‘6 einbig

8661 1

0N qa3 | -uop 99, “AON 190 "deg
— = = s | O U

£

saysut ut
‘uorjopdiosig

0 < MmN T O

(o]
N
1

o O
]

ol+g
02+3

pid

= g
ov»..m
0§+
4 09+
J oL+
08+
o6+
0'9

v
2]

=
<

=
3
s
e

w
<

o
<
WN}op 89D}INS-PUD] MOIBG 389} UI‘|aAd] J3}DM

£\ Ny
. wosdwoyl $91404D t49UMO
dnoJd .

PUOWYILY JO BHWOIOP PUD SUCIESUIT 149}|NbY
1904 062 1 4ideq h

Z-1E MBI NIv 1110M .\,\{?(/ {/
0

A , v\\/\}?,\v’;oo: N\ \//. r\;\

? B | }\i\/a AN cangs ti’

suojspups Buisiunw 1sejinby

v W 198} 02§ ruidea
/\ 5/\4{54 (4<< £-82 MEZ NES 11IoM

Kjuno? p41eq
" L

>
-
3
ol

©
]

b
o

02



52

stored in both primary and secondary openlngs. Heavy rains.in late
August” and early September of 1958 caused water 1evels to rlse sharply
in both wells. During the fall, water levels in the Thompson well
declined, but those in the Blake well rose because of recovery after
dewatering of a nearby quarry. (See "Effects of Dischérging Wells.h)
Water stages in both wells declined until early March 1959, when
above—freezing daytime temperatures resulted in recharge to the
aquifersvfrom the melting of about 54inchesvof the snow cover.‘ The
rising trend continued, as the remainder of the snow cover melted
during March, The seasonal decline that began in May was frequently .
interrupﬁed by heavy rainfall and was reversed in Aﬁgusi after the
fifst of about 15 inches of precipitation that was reéeived in the
period‘August through October. Seasonal declines resumed in November,
but these were temporarily halted by recharge from more than half an
inch of rainfall during a brief thaw late in December,

| Infrequent measurements of water level in two shallow wells
| in the‘limestone and dolomite of the Richmond group (fig. 10) show
markedly sharper>fluctuations in water level, but in general the
levels in these wells react to the same climatic factors. (See well
LIN 18W 31-2, fig. 9.)

The fluctuations of water level in well 42N 18W 17-2 (fig. 10),
finished in '_‘the glacial drift, aré typical of fluctuations in other
wells finished in drift aquifers in the Northern Peninsula, which
respond primarily to climatic conditions, Heavy precipitation in
the léte SuAééf énd fall of 1959 résulted in unsea;onal rises.of

water level in the well,
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No record \ /

: Well: 4IN 19W 17-1 \

Depth: 58 feet

\ / Aquifer:Li ond dolomite of the Rich d group
\ /V\C Morman Creek C.C.C. Camp

- AN I\
O | .

No record k \ ) /

Deita County
Well: 38N 22W 24-1|

Peninsula Point

G Depth: 36 feet
/ Aquifer: Limestone and dolomite of the Rich ‘groua\

\< f Delta County N ]/C h
[ No record ol Weil: 42N 18W 17-2 ]
Depth: 60 feet
— Aquifer: Glacial drift
Cooks Lake €. C.C. Comp
— o]
Deltc County A A A
Well 43N 19W 24-3 \’\M MW A
Depth: 405 feet P,
Aquifer: Trenton and Black River formations
Owner: Harry Clarage
July | Aug. | Sept. | Oct Nov. | Dec. Jan. | Feb. | Mar. Apr. { May | June | July Aug. | Sepl. | Oct. Nov. | Dec
1958 1959

© Denotes monthly measurement

Figure 10, Hydrographs of observation wells in Delta County, 1958-59.
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“. . In well 43N 19W 24-3, finished in thg Trenton and Black River
formationé, the fluctuations §f water level are similar to but smaller
than those in the drift aquifer. The water_lex}el record for this well
was dérived frqm a coﬁtinuous.recordiﬁg gage uﬁtilvOctober\1959, when :

monthly measurements were begun.

Effects of Pumping

Generally, ground water is a renewable natural resource
because it is replenished, directly or indirectly, by precipitation.
Under natural conditions, an aquifer is in a state of equilibrium with
respect to recharge and discharge, However, when water is withdrawn
fromban aquifer bylé well, a temporary increase in the total discharge
from the aquifer results}- This diséharge by the well causes a cone-
shaped depression in the water table or piezometrié surface around
the pumped well. Continued discharge expands the cone until the
resultant decline of the piezometric surface causes‘a decrease in
natural discharge from the aquifer or an increase in recharge, which
may restore the aquifer to a state of equilibrium. If the discharge
from an aquifer exceeds the recharge, the water level will continue to
decline.

A decline of the piezometric surface always re§ults from
the discharge of water from a‘wellf ‘Wheré'Sevefai wells are pumped

or allowed to flow, a composite cone of depression isvformed, which
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may extend over a large area, Water levels in other wells within this
cone of depression are thus lowered. . This is illustrated by the hydro-
graph of observation well 39N 23W 28-3 (fig. 9), which was affected by
dewatering operations in a nearby quarry in July and August 1958. The
dewatering was the same in effect, as pumping a well of very large
diameter. The water level in the observation well recovered during
October and November of that year, although this was a period of
normal decline of water levels, as illustrated in the hydrograph of
well 41N 18W 31-2, Whereas a decline of the piezometric surface always
results from the development of an aquifer, an unnecessary decline of
the piezometric surface is caused by the waste of water, as fror
unrestricted flowing wells or by underground leakage from poorly con-
structed wells or deteriorated well casings., Such waste may cause
wells to cease flowing, decrease yields, and increase the cost of

pumping water.

Use of Ground Water

The cities of Escanaba and Gladstone obtain their munici-
pal water supplies from Little Bay de Noc. The village of Nahma
obtains its supply from Big Bay de Noc. Ground water is used for
the municipal supply in the villages of Ford River and Garden. The
rest of the county is supplied by privately owned wells or springs.

Stock and domestic use, including the use by the tourist
industry, accounts for most of the ground water used in the county.

Only a sriall amount of the water is used by industry. Although
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large untapped supplies of ground water are available in many areas
of Delta County; the most populated and developec areas are located

where large ground-water supplies for municipal and industrial use

are not readily available, -
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QUALITY OF WATER

; Ground Water

The minerals in ground water are acquired primarily by
solution of minerals in the rock or soil through which the water
percolates. In general, the degree of mineralization of the water
is determined by the composition and solubility of the rock or soil;
the duration of contact; and such factors as pressure, temperature,
and the amount of mixing, if any, with connate water (water entrapped
at the time the sediment was deposited). Water that contains more
than'1,000 ppm (parts per million) of dissolved mineral matter is
herein considered saline regardless of its composition.

The hardness of waters sampled in the county is listed
in table 5. Hardness of water is due principally to salts of calcium
and magnesiﬁm in solution. Limestone and dolomite strata and gypsum-
bearing formations in the county are the major sources of calcium and
magnesium ions in ground water.-

Water is classified with respect to hardness‘by the Michigan

Department of Health (1948) as follows:

Class Hardness
(parts per million)
Very soft Iess than 50
Soft ' 50~100
Moderately hard 100-200
Hard ' 200~300
Very hard More than 300

Hardness is commonly computed also in grains per gallon.

One grain per gallon equals 17.1 ppm.
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The remainder of the chémical anaiyses of ground-water
samples collected in Delta Cognty'alsb are given in table 5. Geo-
chemical interpretation of these analyses 1s aided by the diagrams
on figure 11. These are drawn by plotting the concentrations of six
key ions, in equivalents per million (epm), and comnecting the points_,
plotted according to a technique devised by Stiff (1951). The dia-
grams are plotted on a diminishing scale in order to confine those of
the highly mineralized samples to a reasonable size. Differences in
water of various chemical types are apparent by comparison of the
shape of the diagrams. The size of the diagram indicates the concen-
tration of the chief mine;als in the sample, although differences
between samples are not as readily apparent as they would be if the
diagrams would be plotted to an arithmetic scale such as. is used in
figure 12, - Diagrams of thislﬁype are useful in determining the
source of: the sampled water, the general chemical character of the
aquifer, and variations in chemical composition of water within a
given aquifer. They may be used also to detect interformational
leakage or movement of water from one aquifer to another through
uncased wells.,

The Munising éaﬁdstone may contain water of good quality
throughout the county, althéugh much additional geochemical informa-
tion is needed to'éefennine whether ihe downdip portions of the forma-
tién'contain saline water. ﬁéll LON 22W 21-3 is caéed through over-
lying formations and probably draws water only from the Munising

sandstone., The diagram of a water sample collected from this well
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(fig. 11) shows @hat water from the Munising sandstone is of the
calcium magnesium-bicarboﬁate type. Analyses of samples of watef
from uncased wells that also tap the Munising saﬁdstone (table 5)
show higher mineral content, probably due.to admixtures of water from
overlying aquifers,

The Au Train formation yields water similar in composition
to that from the Munising, althouéh'water taken from the more dolo-
nmitic parts’of the Au Train tend to be somewhat harder and are
higher in calcium, magnesium and bicarbonate content.

Most of the water from the Black River and Trenton lime-
stones is of the calcium magnesium bicarbonate type and generally
is suitable for most uses. Logall&, however, these formations con-
tain water high in chloride coﬁtent (well 4IN 21W 6-1, table 5).

Data adequate to delineate the vertical and lateral distribution

and to detefﬁine the origin of chloride water within the Black River
and Trenton limestones afe not available. The differences in chemical
composition of water ﬁithin these fofmations is illustrated by the
analyses of water from wells LON 23W 32;1 and 32-2. These wells are
within 200 feet of each oﬁher, but well 32-1 is 13 feet deeper (table
3) and yields water containing almost 25 times as much chloride as

the water from well 32-2 (table 5).

A sample éf water dbtainea from well 42N 23W 3~1 at Rock on
October 21, 1958, had .a calcium ana chloride content of 224 and 190
Ppu, as coﬁpared to conéentrations of 1,440 and 2,500 ppm of the

same ions in a sample taken on December 12, 1958. An investigation
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of the 51te was made by the Escanaba office of the Mlchlgan Geologlcal
Survey. It was found that the Delta County Road Comm1551on maintained
a stockpile of sand treated with calcium chloride for spreading on
roads duriné“the winter, :Occasionally, a part of this sand is used
to fill in low spots or puddles in the parking and driving area
around the garage in the spring or summer.. It was concluded.that
calcium chlorlde was leached from the sand and carrled into the
aquifer by rainfall., Complalnts by homeowners in the v101n1ty sug=-
gest that contamination has'migrated for a considerable distance
through the aqulfer,

Shale of the Colllngwood formatlon and Rlchmond group may
yield water that is partly connate in origin, as is indicated by a
comparlson of present—day sea water (from a depth of 100 feet) and
the sample from a depth of 290 feet in well 39N 22W 36-1 (flg 11).
Saline water from the shale may contamlnate water drawn from uncased
wells‘tapplng deeper freshewater aquifers. ‘The shale‘may have been
the source of most of‘the sodium ahd:chloride in‘water samples from
wells 39N 210 29-1 and 30Q1 (table 5), which tap the Au Train and
Munising formations, respecttvely, | ‘ |

Water from the limestone and dolomite of the RichMOnd group
varies greatly in chemlcal comp051tlon, Some wells.yield potable
water of the ca101um magnes1um blcarbonate type; others yleld water
high in sodium and chloride, p0551bly partly connate in orlgln. An’:
few wells yleld water hlgh in calc1um and sulfate, probably leached

from gypsum in the formatlon. A 51ng1e well may yleld water that is



a mixture of all-'the above types, as illustrated by the diagram of
the sample collected at a depth of 100 feet in well 39N 22W 36-1
(fig. 11). Sufficient data are not available to delineate sources
of sodium chloride or calcium sulfate waters within the limestone
and dolomite of the Richmond group. In areas where water of a
quality suitable for most purposes can be obtained from these rocks,
precautions should be taken to avoid tapping the underlying shale,
which contains saline water. This is illustrated by the analyses
of 6 samples collected from well 39N 22W 36-1 at depths ranging
from 50 to 290 feet (table 5). The samples from depths of 50,
100, and 150 feet within the limestone and dolomite may be classed
as potable, but samples from depths of 200, 250, and 290 feet where
the well penetrated the underlying shale (fig. 11), were saline.

The Cataract formation includes beds of gypsum, which
are readily dissolved by percolating grouhd water, The Cataract,
therefore, yields water of poor quality high in calcium and sulfate
content (fig., 11).

Water from the Burnt Bluff formation generally is hafd
or very hard but otherwise is suitable for most uses, The water
is commonly of the ecalcium magnesium bicarbonate type, although
some wells tapping the Burnt Bluff yield water high in calcium and
sulfate content, which probably results from admixturés of calcium
sulfate water from the underlying Cataract formation. Well 39N 18W

17-1 (table 5), owned by the village of Garden, taps the basal part

63
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of the BgrntyBluff and yields water high in.sulfate content. Pumping
or unrestrie?ed;erpesian‘flqw from the basal members of the Burnt
Bluff formation induces a flow of water to wells from the Cataract
formation, which is hydraulically connected to the Burnt Bluff. If
a well completely penetrates the Burnt Bluff formation and enters the
Catarec? formation, water.high in calcium sulfate enters the well
directly. The water from wells tapping the upper members of the
Burnt Bluff conﬁains relatively little sulfate.

Only one chemical analysis of water from the Manistique
dolomite in Delta County is available. A semplerof_waterlfrqmlwell
39N 18W 12fl epperently.was soft end very low in mineral content.
This sample, however, may not be representative of water from these
rocks, aszghe;formation in neighboring Schoolcraft County yields o
harder water having a higher degree of mineralization (Sinclair, 1959).

‘The quality oﬁ water from the glacialfdrift aquifers of -
the county varies consideraply. The quality is determined by the
composition of the drift and by the water in aquifers hydraulically
connected, . The drift aQuifers, however, generally yield water having
a lower dissolved-mineral content than that ylelded by the bedrock
aquifers of the county. One notable exception 1s the high concentra-
tion of cale}um and sulfate in ﬁhe‘sample:taken from well~41N:18w .
13-1 (table 5). The analysis of this sample indicates that the water
has migrated~frem the gypsiferous Cataract formation or has been .
mixed with water from that aquifer.

The iron content in two samples of water from the glacial

drift was very -1 and 17 ppm, and greater than the iron contained
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in water taken from any 6fher équifer.. As a total iron and manganese
.content of 0.3 ppm in drinking water is considered objectionable
(Hem, 1959, p. 238), and will cause staining on plumbing fixtures
and various fabrics, treatment of watefr high in iron is generally
desirabie.

The temperature of water from most wells in Delta County
ranges from us° to L8OF (table 5). The range in temperature of
water ffom several deep wells tapping the Munising sandstdne was

from L6° to 52°F,

Surface Water

éhemical analyses of water from lékes, streams, and springs
in Delta County are listed iﬂ taple 6 and diagrammed in figure 12,
Figure 12 shows the relative uniforﬁity in chemical content of surface
water from various socurces throughout Delta County; the water is
predominantly of the calcium magnesium bicarbonate type., Variations
in composition ére small, as the rapid flow of surface water pefmits
rather thorough mixing of water from different sources. Séring
water taken at or near the point of discharge is generally higher
in mineral content than water from the various streams into which
they empty, which reflects the influence of ground-water discharge
on stream quality, In addition, the composition bf the spring water
may indicate the chemical quality of ground water in the source
aquifer. This is illustrated b& thé sample from Moss Lake, which is

fed largely by springs issuing from the Cataract formation.
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CONCLUSIONS

TheAdevelépméntlof thé ground;ﬁatéf resoufces éf Belta
County will‘involve mgre quality-of-waﬁer.probiéms iﬁan ﬁrobléms of
Jocating adequate quantities of water. In most areas of theAgounty,
it is possiblé to obtain adequate quantitieé éf gfoﬁﬁd ﬁatér suitable
for most purpocses. Although the Munising and Au Traiﬁ formations
yield freéh water in ﬁhe ﬁbrﬁhefﬁ.and weéfefh péfts of thé.counfy,
the southeastward extent of the fresh watef in these formations‘is
not known. Wells drilled to these aquifers should be cased through
overlying saline-water-bearing formations, The Black River and
Trenton formations also are sources of fresh water in the northern
and western parts of the county, but they yield saline water where
they are overlain by younger bedrock formations. Limestone and dolo-
mite of the Richmond group yield both fresh and saline water in the
area where these rocks form the bedrock surface, and the distribution
of fresh water cannot be determined from presently available data,
In area where wells obtain fresh water from these rocks, penetration
to the underlying shale probably will permit the entrance of saline
water into the well, The Cataract formation yields water high in
calcium and sulfate content, and hence is not a source of suitable
ground-water supplies, It has not been determined if‘any of the
aquifers underlying the Cataract formation in the southeastern part
of the county contain fresh water., Fresh water can be obtained from
the Burnt Bluff and Manistique formations if precautions are taken
to prevent encroachment of high-sulfate water from the underlying

Cataract formation,
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Moderate to large ylelds of ground water can be obtained
from the glac1a1 drlft aqulfers in many parts of the county, but in
areas where.the drift is absent, thin, of low permeablllty, or above
the reglenel waterbfaele, ground Water must be obtained from the
varioue bedrock equifers described above; Drift deposits having
the greatest potential for future developﬁent‘are in the presently

undeveloped northeastern part of the county.
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Well location:
Chief aguifer:

Use: D, domestic; S, stock; P, public supply; I, industrial; To, oil test
Tw, water test.

Water level:

Altitude;

Table 3,--Records of wells and test boles in Delta County

See table 1,

See explanation on page

Ti, iron ore test; B, foundation boring;

R, reported.

In feet below or above {+) land-surface datum; M, measured;

In feet above mean sea level {estimated from advance prints of
U. 8. Geological Survey topographic maps).

= -
g o g
N 3% s I sl <
@ P o s - >
5 |8! . 8 sl |8 2 2
g | 84 " & Clal |l 0 | Z 3 e
ey =} ot @ Ll © b
o) & 2 s|al8|3|els|® 3 e g
s i & & L1338} 2 |= a 2 ~
43N 2%W
k-1| SE NE| H. Hansen - - | 12§ b8|qgal ps| 7 M| 10-2k-58 | 1005 Abandoned,
5-1| SE SE| Mrs., Leech - - 16} 60|Qgd| D | 9 M| 10-24-58 | 1020
5-2 | SW sW| Latbrop School - - 150 6 o0tv] P | 21 M| 10-24-58 | 1040 Do,
6-1| KE SE| G. R. Stegath - - | 8] 6|otb| D -] - - 1040
6-2| NW NE| C and NW RR. - - 9 -l « 1B - - - 1051| Bedrock at 9 ft,
6-3| NE SE| Berthyl Hansen Tom Rice and Son | 1942 98 6{otb! P | 16 R| 10-24-58 | 1040 .
6-41 KW W| David Williamson| D, Williamson - | 11} 60jQza D| 7 M| 10-27-58 | 1055 Bedrock at 10 ft,
Otb . :
8-1| SE SW| C and NV Ry. - - 1n -] -|B - - - 1008| Bedrock at 11 ft,
8-2| sw NW do, - - 10 -] -13 - - - 1024 | Bedrock at 10 ft.
21-)1 | SW NE| John Niemi’ Tom Rice and Son | 1944 | 84 5 {0tb| DS - - - 980
21-2| KW WW: J. C. Bartlett Pred Rice 1956 40| - |otb| D - - - 980
21-3 | NW NW do. - - | 10 1}egd| D - - - 980
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28-1| NW NE| C and NW Ry. - - 7 - -8B - - - 978 Bedrock at 7 ft.
° 28-2 | NW SW| Victor Kallio Tow Rice and Son {1943 ] 30| "5 |Otb| DS - - - 990 | Bedrock at 10 ft,
28-3 | SE SE| John Toyra do, 194k | k1 5 |Otb| DS - - - 975| Bedrock at 1l ft,
28.4 | SW SE| Charles Valeen do. 1943 | 102 5 [Otb] DS - - - 980 | Bedrock at 12 ft.
32-1 | NW SW| Sulo Auer do, 1948 | 122 5 |0tb| DS - - - 980 Bedrock at 20 ft.
32-2 | NW NW| Andrew Topala do, 1943 | 84 5 [otb| DS - - - 990 | Bedrock at 9 ft.
34-1 | SW NE| F. H. Mattila do, 1940 | 3651 & {0at| DS| ko R| 19%0 960
35-1| « = - - 195k | 625 - -7t - - - 970
U3N 20w
6-1 | SW SW| Erick Osterburg - - 71 60 {Qga| DS| 3.4 M| 10-24-58 | 990! Abandoned.
12-1|{ NW SE| Arthur Skinner Ben Noel - 85 - 10tb| D - - - 870
13-1 | SW NW| Joseph Clabots William Nance 19581 26 5 |otb| D [3 R| 10-20-58 | 865
1k-1 | SW NE| Clarence Cayre Tom Rice and Son | 194k | b5 5 |{Otb| DS - - - 870
24-1 | NW NE| Fred Chenail F. Chenail 1896 | 15 j1hd |qga! DS | 10 R | 10-20-58 | "845 | Bedrock at 12 ft,
27-1} NE NE| Delmar McIntyre | Tom Rice and Son | 1938 | 70 5 {0tb| DS | 10 R} 10-20-58 | 850 | Bedrock at 10 ft,
27-2 | SW NW| Clarence Reamer | William Nance 1957 30 - [Otb] D - - - 885
28-1] SE SW| C. O. Romig - - 55 k lotb|{ D |20 R| 10-20-58 | 885 | Bedrock at 5 ft.
29-1 | SW SW| Roy Klies - - 56 h iotb| - - - - 900
30-1 | SW NW| Fred Nelson - 1913 | S0 6 10tb| DS | 10 R} 10-20-58 | 925| High iron content,
31-1 NE SW | Emil Kentta Tom Rice and Son | 1943 | 110 5 |Ootb | DS - - - 910 | Abandoned, ’
32-1 | SW SW| Walter Manntie - - 6| 3 |Qqga| DS 3 M| 10-29-58 | 890 Do.
N 36-1 | NW SE| Theodore Black - - 31 2k {Qgd{DS| O M| 11- 3-58 | 785 Spring, flowv 1 gpm,
3N 21w
3-1 | NE SW| Albert Trott William Nance 1945 | S8 L jotbiDS| o R | 10-20-58 | 820
5-1 | SE SE| A. B, Whybrew - 1926 | 85| 6 |otv| DS - - - 850
5+2 | SE SE do. O. Deganeffe 1956 | 135 6 |otb | DS |58 R | 10-20-58 | 850 | Bedrock at 20 ft,
6-1 | SW NE | Antoine Gornick | Nance Sr. 1915 | 45 h fotb|D |20 R | 10-20-58 | 875 | Bedrock near surface,
7-1 | SW NW | Henry Martenson | 0. Deganeffe 1957 | 73 5 10tb | D |20 R} 10-20-58 | 870
8-1 | SW NW | Bert Bennett - * 30 6 {otb | DS |10 R | 10-20-58 | 8us
9-1 | SE NW | Glenn Seymour Hakala 1953 | 45 - |otb | D - - - 825
10-1 | SW SW | Orville Lockbart | Bruenig 1928 | 32 - {Otb i DS {12 R | 10-20-58 | 795
18-1 | NW NE | Charles Wnuck C. 0. Rice 1958 | 273 5 {cat [ D - - - 840 | Flows. Bedrock at 5 ft,
Sulfate at 36 ft,
18-2 | SW SE | M. H. Bogue - 1940 | 16 | 48 |qgd D |10 R | 10-20-58 | 820
N 30-1 | SW SE | Potvin Bros. William Nance 1953 | 87 B lotbips {11 R | 10-20-58 | 800
3N 200
1-1 | NE SW | Round Lake Club - 1943 | 25 1}i¢s |D - - - 800
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3N 20W
2-1 | SW SW| U. S. Forest G. Brunner 1941 | 28 Qs | P |13 R| 8-1b.k1| 795 B0-gauge screen.
Service
6-1 | NE SE - Corps of 1949 | 7 -] -1 - - - 752 | Bedrock at 7 ft.
Engineers
7-1 | SE SE - do, 949 | 7 -1 -8B - - - 710 Do,
18.1 | NE SE - do, 1949 | 2 -] - B - - - 692 | Bedrock at 2 ft.
19-1 | ¥E SE - do. 1949 7 -] - B - - - 691 | Bedrock at T ft.
. 30-1 | NE SE - do. 1949 4 -l - 13 - - - €85 | Bedrock at b ft.
©31-1 | NV SE - do. 1949 3 -l - 1B - - - 660 | Bedrock at 3 ft.
43N 19w
1-1 NE NE | Kathleen Brophy |[F. H. Ruska - 30 - iQgd | D - - - 780
2h-1 | SW NW | Floyd Dickman Ted Nance - 70 k iQgd | D - - - 865
2h-2 | sW NW do, Floyd Dickman 1948 | 67 Qed|o |56.2] M| B-5-58; 865
¥ 21‘5}3 KW NW | Harry Clarage Ted Nance 1948 | hos k jotb |0 | 78.3] M| 8-22-58; 960
3N 1
1-1 | NE KE| H. H. Mintonye H. E. Mintonye - 30 - |Qgd [P |20 R| 8- 5-58| 765
6-1 | W NW | Mrs. W. Elgland - - 32 13iQgd [P |12 R| 8- 5-58| 7170
32-1 { W KW | L. C. Buchtel - 1955 | 21 -lqgd (P | 8 R| 8- %5-58| 790
hoN 23w
2-1 | SW NE | Helma Anderson Tom Rice and Son | 1947 30 5 |otb | D - - - 935 | Abandoned,
2-2 | NW NE | Richard Sjolund - - 35 5 |otv D8} - - - 945
3-1 | NE NE | Co. Rd. Comm, Tom Rice and Son | 198k | 70 5 |otb P - - - 965
3.2 | NE NW | Mrs. O. Kleiber - - 30 - {otv | D - - - 970
"3-3 | SE NW| Leo Enberg Tom Rice and Son | 1943 | 47 5 {Otb | D - - - 970
.3-h | NE NE| Walter Manntie dov 1943 | 64 5 |otb | D - - - 965
3.5 | NE NW | San Martilla do. 1945 | 52 | 5 |otb|{D | - - - 965
3-6 | NE NE | Rock Eighk School - 1929 | 60 i jotb | P - - - 970
3.7 | SE NE | Emi1 DeBacker Tom Rice and Son | 1947 | 58 5 {0tb | D - - - 950
3-8 | SW NE | August Larson Jr, - 1940 | 75 L |otb | D - - - 970
3-9 | SW KE | Herbert Westlane - - ko | 6 jotb | P - - - 965
3-10{ SW NE | Larson Bros. Tom Rice and Son | 1948 | 62 5 [0tb | P - - - 965
3-11| SW NE | Jobhn Larson C. 0. Rice 1958 | 67 5 {0tb | D - - - 970
3.12{ NW NE | Rock Pire Hall Tom Rice and Son | 1949 | 70 6 jotb | P - - - 965
3-13] NW NE | Herman Johnson do, 1945 | 80 - jotb | D - - - 970
3-14%| NW NE| Frank Campbell do, 1945 | ko 5 {otb | P - - - 970
3-15{ NW NE | Lions Clud do. 1587 | 60 5 {0ts | P - - - 965
3-16| NW NE | Martin Kaminen do. 1943 | k8 5 {0tb | D - - - 970
3-17| NW NE | August Larson Sr. - - 9 6 jotv | D - - - 965
3-18| NW NE | Berman Hakkila Tom Rice and Son | 1943 | 38 5 {0tb | D - - - 970
3-19| KW NE | Rock Co-op Garage - - j200 k [otb | P - - - 970
3-20| NW NE | Northland Co-op - - 300 6 [otb | P - - - 970
4.1 | SW NE | Edvard Kaminen Tom Rice and Son | 1946 | 52 - {0tb | D - - - gko
5-1 | W KW | Asko Eamalainen - - 9 | % |qgda {D | 5.5| M]10-29-58| 970
7-1 | SW SW | Eino Maki - 1922 | 32 6 jotb DS | - - - 940
B8-1 | SW SW | Clarence Johnson - - 60 | 6 lotb | DS |20 R | 10-29-58 | 930 ] Not used.
10-1 | SE SW | Carl Kestila - - 19 5 [otb |[DS| & M | 10-29-58 | 925
11-3 | SE SW| C and NW Ry. - - 10 -] - 1B - - - 906 | Bedrock at 10 ft.
14-1 | NW NE | Trombley Hotel - - 55 - {otb | P - - - 910
1h-2 | NE SE| C and RW Ry. - - 9 -1- 1B - - - 870 | Bedrock at 9 ft.
16-1 | NE NW | Jerry Kleiber - - 50 | 6 (Otb |~ - - - 940
2h-1 KW SW | George Mattela Tom Rice and Son | 1943 [ 53 5 {0tb | D - - - 870
30-1 | NE NE | Vietor DeGrande - 1920 | 52 6 |otd | DS - - - 910 | Fissure at 52 ft.
31-1 | SW SE | Valere VanDamme [C. O. Rice 1954 | 60 6 jotb | I {11 R| 3-16-55| 855]| Lov capacity.
N 34.1 | SW SW | Henry LaChapelle | Fred Rice 1954 | 43 6 {otb | DS | 10 R 1954 860
oN 22w
6-1 | NW KW | G. Ealonen - - 9 | 60 |Qgd | IS M | 10-20-58 | 910 | Abandoned.
20-1 | SE SE | Gustafson School - - 12 2 iQgd | P - - - 820 | Destroyed,
20-2 | SE NE | F. Drossart - - 8 {60 |Qgd|D | 8 M |10-31.58 | 830
26-1 | SW NW | Harry Clausen Elvin Anderson 1945 | 302 6 joat |DS| 5 R 1948 770 | Formerly floved.
26-2 | sw NW do. - 1954 {590 5 {Cm {TL]|+3 M | 10-31-58 | 770
27-1 | SE NE | Carl Ottlen - 1918 | 14 | 60 {Qgd | D 5 M |10-31-58 | T70
27-2 | SW SW | Hall School - - 10 1}|Qed | P - - - 780 | Destroyed.
29-1 | NE NW | Joseph DeCremer |J. DeCremer 1907 [ 15 | 48 {qgda DS | 6 M | 10-31-58 | 820 | Bedrock at 7 ft.
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LIN 21w
28-4 | NE NW | Mich, Hwy, Dept, - - 8 - B - - - 579| Bedrock at 8 ft,
28-23| NE NW C - Corps of 1991 33 - B - - - 594 | Bedrock at 33 ft.
Engineers
29-5 | SE NW | Rapid River - -1 305 5| ocat] P - - - 590
29-6 | NE NW do. L. C. Wolfe 18971 273 -| oat| P - - - 588! Flow, & gpm.
29.7 | SW NW do. do. 1898 275 L| cat| P | +3 R 1906 590| Flov, 1} gpu.
29-12| NE NE| William Nelson - 1945 bh 5| Otb| D - - - 590
29-13} SE NE | Ole Sundquist - 1945/ 105 4{ otb| D - - - 590
2G-14%| NE NW | Leslie Caswell - - 300 51 Oat] P - - - 590
29-16| SE NW | Dan Oberg - 1945|120 6{ otv| D - - - 590
29-17| NW NE | Nels Westling - -1 2| 5| 0at| P - - - 590 Flows.
29-18| NE SE | Gust. Carlson - 1945 100 5| 0tb| D - - - 590
29-19! NE SW | Swallow Inn - - 150 5] 0tb| P - - - 550
29-22{ NE NE | U. S. Forest George Brunner 1936 273 | 5| Oat| P - - - 600 Do,
Service
29.23/ NE NW | A, Connor L. C. Wolfe 1895| 270 -] oat| - | +4 R 1906 588| Flow, 314 gpam.
29-24| SW NE | Lloyd Vendron - 1942{ 258 5( Oat| - - - - 590
29-25| NE NW | H. W, Coles L., C. Wolfe 1897 258 -] oat| - - - - 586 | Flov, 2 gpm.
29-26| NW KW [ A, L. laing do. 1903 273 | «| OCat| D - - - 590 .
29-27{ NW NW | Adam Sehaible do. 1904 273 -1 0at| D - - - %88 | Flov, 6 gpa.
29281 SW NW | M.5t.P. and 5.5. | Rice 1952; 230 5| 0tv| P - - - 590 | Flows, °
M. RR.
29-29| NE NW | Rapid River Fire { Tom Rice and Son| 1943} 303 -| Oat | P - - - 590
Hall
30-1 | NE NW | Lester Duncan - 1946; 285 5| Cat| D - - - 600: Dp.
30-2 | NE NE | Delta County - - 12 | 60] Qgd| P - - - 595
otb
30-3 | SE SW | Arthur Bergeron - 1948| 300 | 6| Oat| P - - - 610 Do.
30-4 | NW NE | Mich. Hwy. Dept. - 1940; k5o 51! Cat| P - - - 605
32-2 | NE SE - Corps of 1949 32 ~{ ~ | B - - - 586 | Bedrock at 32 ft.
Engineers .
32-3 | SE NW | A, R. Wickbam 0. Deganeffe 1957] 60| S5|{0tb|P - - - 585
32-4 | SW NE | C. G. Raymont C. 0. Rice 1957 bs 6lQgd| D - - - =85 o
32-5 | NE KE - Corps of 1949} 10 -] - |® - - - 585 | Bedrock at 10 ft.
Engineers
3h.1 | SW SE | M. A, Wegner - 19k2| 100 Liots| - - - - 650
342 | SW NW | Mich. Hwy. Dept. - - 13 -1Qs | B 3 R 1949 63k
34.3 | SW NW | Scott's Motel - 1956 35 -1 | P - - - 630
35-1 | NE MW | Alfred Lundberg - -1 201 36}{Qgd| DS -1 - - 690
; : or
35-2 | NW NE | Carl Wickstrom - - 20 | 48 iQed (DS - - - 690
35-3 | NE KW ] Peter Stenlund - - 19 31Qgd { DS - - - 690
Oor
36-1 | SE SE | Oscar Magnusson - 1924 200 §lotb | D - - - 710
36-2 | SE SE |Magnusson's Store - - 20 biqgalp - - - 710
or
kN 20w
31-1 | SW SW | Robert Olson - - 20 | ¥ ior |D - - - T10
34-1 | SW SW |Urban Hebert - - bl 1iqed | P - - - 640
342 | SW sW do. - - 1+ | 18 |Qgd |P | 5.3 M [10-15-58| 640
34-3 | SE SE |{Julius Kallman Tom Rice and Son | 1947 75 5{or |[D - < - 610
36-1 | SE SE |Emil Juneau - - | 62| 1lagdlD - - - 640
BIN 19w
17-1 | NE SW |U, S. Forest - 1935{ 58 | 6 |or [Bo| 3.5] M| 8-25-58| 6lko
Service
20-1 | SE NE do, carl Prather 1929 1160 | 10 |ém | P - - - 630 | Flovs.
21-1 | KE NE do. - 1939 9b 51]Qs [P [T72M4 | M | 8-28-58| 750 | 80-gauge screen.
32-1 |SW sW do. - - 16 - 1Qgd | P - - - 620
32-2 |{SW SW do. G. M. Gullickson [1948| 11 1ies [P | 7 R 1948 620 .
35-1 | SE SE |Elmer Lake Tom Rice and Son |1938( U5 - lse |Ds - - - 640 | Bedrock near surface.
35-2 | NE NE |Rubin Sunderling - - - k8 Isc |s 0- M | 9- 4-58 | 620 |Springs flov, 3 gpm.
36-1 | SE NE [Nick Bonifas - - 5 |96 [Se (DS | 2 M | 8-15-58 | €k0 | Improved spring,
36-2 | SE NE do., Casper Rhinewood 1928 30+! 6 |Be |Ds - - - ého .
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L1N 19W
36-3 | SW NW| Rubin Sunderling | G. W, Gray - {128 | 6 (8¢ {DS |16 R 1958 650
k1N 18w . -
13-1| NW NW| Ottc Schuttke C. 0. Rice 1940 (200 | 6 [Qs | DS - - - 690
13-2 | KW NW do. - - | b3 | 6 Qs |- |3k,5] M| 9-16-58 | 690
13-3{ NE NE | K. M, Cutler - - 123 5 Sc | DS - - - T70
19-1 { SE SW| Aldert Watchorn | O, Deganeffe - 56 6 |se |DS| 9 R 1955 650
! 30-1| NW SE| Ruth Sundin - . 1950 8 | 30 [Qgd| D 5.5| M| 8-15-58 | 640
31-1 | SE SW| Charles Thompson - - 18 | 60 [Qgd| P - - - 620 | Improved spring.
1 Se . )
31-2 |- SE SW do. - 1938 {250 | 5 |or | O 3.1 M| 8-15-58 | 620
.! 32-1| ‘NE SE | Mich, Bwvy. Dept, - - 24 -] - 1B - - - 583 | Bedrock at 2k ft.
32-2 | NE NE{ Elmer Hall - - 3 {60 [Qgd| - 0 M | 8-15-58 | 600 |Spring.-
33%-1 | NE SW| Mich, Hwy. Dept. - - ks -1 -1|B - - - 581 {Gravel at 45 rt,
33.4 | SW NE| Delta Co. Park - - 19+ 51 - 1P 5 M | 8-28-58 | 590
38-1 | SW SW| Bay deNoc Co. - - | 25 ] 1d|eg | P - - - 590
LON 2w
2-1| KNE NE | Manzer Way - 12 (48 legd| DS | 6 M |11- 6-58 | 830
3-1 | SW SW| John Ring Sr. Tom Rice and Son - 75 5 {ote | DS {12 M [11- 6.58 | 825
6-1| SE SE | Charles Schrader - - 18 | 48 {Qgd | D - - - 875¢
6-¢ | SE NE| Ed Waite Tom Rice and Son | 19k0 | k0 - [0tb | D - - - 885+ Adbandoned,
_-» 6-3 | SE SW/| Walter Fleury do. : N ko 5 [0tb | DS - - - 87%% Bedrock at 10 ft,
... .8-13|' NE NE | John Ring Sr. Fred Rice 1957 | 25 6 {0tb | D 6 R 1957 * ¥+ Bedrock at 20 ft.
8-2 | SW NW | Charles Hodge ¢. Hodge - 16 - |Qgd | D 6 R 1958 875+ Bedrock at 16 ft.
~11-1 { NE KW | Henry Rose Tom Rice and Son | 194k | 78 5 jOtb | - R PPN - 850+
11-2 | SE SE | Mrs, J. Carlson - - 16 51~ 1]D b,y | M [11-10-58 | 822 |Abandoned.,
14-1 | KE NE | Lincoln School - - [100+| 5 |otb| P 3 M 11-10-58 | 822
34.1 | NE KE | Isadore Guenette | Jobn Zawnda 1953 85 6 |otb | DS - - - 810
kow 23w -
1-1 | KW NE | Earl Credlund - - 60 6 [oto| - - - - T4O
1-2°| NW NE do.’ : - k 1943 115 6 |0tb | - - - C - T40
5-1 | NW SW | Emma Schire Tom Rice and Son - |10 5 |otb | DS - - - 800
5-2 | SE SE'| Joseph Stefl - - |105 5 (0tb | DS | S R 1958 780
5.3 | SE SE do. - - kg - {Otb | D - - - 780
6-1 | SE NE | Louis Tuyls Tom Rice and Son | 1943 1110 5 |10tb | D - - - 780
7-1 | SE SW /| Frank Barrison C. O. Rice 1958 | 93 5 lotv | D - - - 785 |Bedrock at 36 ft.
7-2 | SW SE | Walter Harrison do. 1958 | 155 5 |otv | D - - - 785
9-1 | NE NW | Chandler School - - 50 6 jOotb | P - - - 780 | Destroyed,
9-2 | NE SW | Chandler Tavern - - 55 5 {otb | P - - - 780
16-1 | NW SE | Patrick Miron Tom Rice and Son | 1944 [ 175 5 {0tb | D - - - 750
17-1 | NW NW | State of Mich, - - 16+ 5| - IDS| 3.9 | M [11-10-38 | 775
23-1 | SW SE | Carroll School - - {100 5 jotb | P - - - T30
26-1 | NE NW | Earl Paguin Tom Rice and Son 1937 | 38 -} e - - - 750
27-1 | SE ¥W { Louis Burcar - - |160 6 [oto | - - - - 750
27-2 | SE SE | Howard School - - {100 | 6 {otu| P - - - 730
28-1 | SE SW | Larry Nelson Tom Rice and Son | 19h% | 260 - |[Otb | DS - - - 770
29-1 | NE SE | Sovey School - - 80 5 10tb | P - - - T70
29-2 | SW NW { Nadon School - .= {100 5 {O0tb| P - - - 760
29-3 NW NW | Fred Urnland Tom Rice and Son | 1943 {117 ké Ootb ([ D - - - T
30-1 | NE NE | Adrian Beauchamp do, 1946 [ 182 5 ot | D - - - 795
-1 NE NW | Moses Theoret do, 1945 | 110 5 10t | D - - - 150+
32-1 NW NW | Donna Roberts C. O, Rice 1958 | 160 5 |0tb i D - - - T70 |Bedrock at 10 ft.
32-2 | NW NW | Fred Roberts do, 1958 |1k7 k [otbiD |50 R 1958 T70
1 33.1 | NE NW | Dr. Bughes Pom Rice and Son | 1946 | 240 5 10tb | D - - - 770
LoN 22w
2-1 ) NW NW - Mich. Hwy. Dept. - 2 -l - 1B - - 582 |Bedrock at 2 ft,
2-8 | SW KW | Mrs. Andrewv C. 0. Rice 1953 | 267 € [cat | D - - 595 | Flovws.
Johnson
kol | SE NE | Sanders Larson - - 20 3 iQgd | D - - - 620
4.2 | NE WW | U, S, Forest - 1941 | ko 5 lQgd | P [22.8 | M | 8- 6-58 | 650 {80-gauge sereenm.
Service
ko3 | NE MW do. - 1941 | 30 5 [Qed | P |22 R [12-18-41 | 650 Do.
bk | NE WW do. - 1941 | 34 5 jegd | P |17 R 1941 650+ Do,
10-2 | NE SW | Jobn A, Barrette | C. O. Rice 1956 | ko 6 jotv|P | 2 R | 5-29-56 | 595
10-3 | SW SW | Eagas Grocery - -~ [300+] 6 |oat | P - - - 585 | Flovs.
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Lon 22w
10-4 | SW NE | Brock's Cabins C. O. Rice 1954 | k2 5 |0tb | P 1 R | 8-20-58 | 585
10-5 | SE NW | Lewis Brock do, - 36| 6lotb|D| 5 R | 8-20-58 | 585
10-6 | NE SW | Raymond M. - 1933 {312 | 6 |oat|D |+23 R | 8-20-58 | 585 | Flovs.
Tackman
10-7 | NE SW | Xipling School - - 60 6 {otv | P - - - 585
10-8 | NE SW | Ray Alworden C. 0. Rice 1957 | 58 6 jotb D | 15 8-20-58 | 585
10-10;{ SE NW | Vietor Brock Tom Rice and Son| 1943 | 37 b{; Otb | D - - - 595 { Bedrock at 35 rt.
16-2 | SE SE - Mich, Hwy, Dept. - 28| -] - |3 - - - 588 | Peat and sand,
16-7 | SE SW | Hilding Johnson - - 30 2 {Qgd | D - - - 600
16-8 | NW SE | Ed Jackson - - 72 i - |Ds - - - €00 | Flows.
20-1 | RW NW | Francis Rabitoy |C. O. Rice 1958 | 124 5 [Qgd | P | 30 R | 6- 6-58 | 720 |Bedrock at 123 rt,
20-2 | NE NW | Oscar Bing do. - 1138 5 jotb | D | 75 R | 6- 6-56 | 720
21-1 | SW NE { Marble Arms.Co. - - |65 - |oat | I - - - 600
21-2 | WW XW | R. N. Sandstrom - - 170 5 {0tb {D | 80 R} 6- 6-56 | T10
21-3 | SE NW [ M, St, P, and - 1915 {743 ! 10 [€m | R - - - €605
S. Ste. M. R.R.
21-4 | SE SE ! Central School - - - 2(Qs | P - - - 595 | Flows.
21-5 | SE NW | W=, Hendrickson - 1934 | 68 b Jots D | +2 R 1949 600
21-6 | NE NE | Fred Johnson - - 35 | 1i{Qea (D - - - 600
22-1 | NW SW | Alphonse Iren - 191k | 16 - ieg |D - - - 590
22-2 | NE SE | City of Gladstone|C. O, Rice 1957 | 730 |8-6 [eém | P - - - 585 | Flow, 75-100 gpm,
24-1 | NW NW | Dr. Watson Tom Rice and Son - 121 5| - 1D - - - 585 |Bedrock at 120 ft.
24.2 | NW NW | Vernon Hentz do. 1952 {130 5{-|D - - - 585
26-1 NW NW! L, S, and T .R.R. {C. O. Rice 19571 T1 - - |B - - - 580 |Drilled through ice on
Little Bay deNoc,
29-1 | NW NE | George Kelley - - |18 | 6 |otb|D - - - 715
koN 21w
2.1 |.SW SW | Ferdinand - - 20 | 2b jqgd | D - - - 695
Sundberg Or
3-1 | SE SW | Alton School - - 14 | 36 [qgd | P 35| M {10-13-58 | 700 |Not used,
or
3.2 _| NE NE | George Weberg - - 12 {18 lor {D - - - 710
3-33 SE SW | A. Folmgren - 194k | 12 | 18 jor |D I - 700
-1 | SE NW | Frank Merle - - {360 4 jor | DS - - - 660
otb | -
9-1 | SW SW| Andrev Johnson - - 22 | 36 {or |D - - - 680
10-1 | SW SE | Josephine C. O. Rice - 12| 4jor |s -1 - - 695
Burczikowski
10-2 | SW SE do, Joseph Schiska - 69 i lor |D - - - 695
10-3 | SW SE do, - - 16 | 36 legda|{ D - - - 695
° or
21-1 | NW NW | Waldemar Joseph Schiska 922! o | 36 jor | D | 16.5] M [10-13.58 | 690
Anderson
24-1 | NE NE | Gust Anderson - - | 1| 1}iQed|D - - - 690
35-1 | SE NW| John Hjelm - - 16 | 96 jor | Ds| 3 M | 10-10-58 | TOO
4ON 20w
1-1 | NE NE| R. L. McClinchy [R. McClinchy 1939 | 4o es | D - - - 615 | Destroyed,
1-2 | NE NE do. do. 198 | 12| it|es |{D| - | - - 615
1-3 | NW FE | L. J. Bramer C. O. Rice 1958 | 110 51ior | D - - - 615
2-1 | KW NW | Mrs, A, Olsen A, Olsen 1936 | 48 1igs | D | ko R 1949 660
2-2 | NW NW | Emil Juneau - - 62 1% Qed [ D - - - (1554
3-1 | NE NE | Mrs. A. Olsen - - 55 5] - |- - - - 650
ol | RW NW - Mich, Hwy, Dept. - 28 -1« |B - - - 610 |Bedrock at 25 ft,
5-1 | NW SE | Fred Eolm - - k{36 - iD - - - 610
6-1 | NW NW | Joe Gustafson - - 10 4 jor |D - - - 690
11-1 | SE KW | Clyde Hardwick C. Bardwick 1957 | 68 L iQsg|D | 65 R [10-10-58 | 660
17-1 | NE NE | Herman Weberg H. Weberg - 15 | 3 {Qgd | D - - - 620
or
18-1 | KW SE | Silverdale School - - 15 | 48 |[Qga | P b,9| M |10-10-58 | 672 | Abandoned.
18-2 | NE NE | E. L. Johnston C. 0. Rice 1959 | 665 5 {oat | DS - - - 665
20-1 | SW NE | Jasper Reinwand do. 1958 | 96 5ior |D| +1 M |10-10-58 | 600 | Flovs,
20-2 | SW NE | Oliver Broman do, 1958 - - jor |{D - - - 600
241 | SW NW | Edwin Matson do. 1957 | 52 5 1Qgd | D - - - 585
29-1 | SE NW | Mary Granholm - - 12 | 72 |Qgd | DS} 10 M [10-10-58 | 610 | Not used.
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LON 19W
1-1 [ SW SW| Peter Forsland - - 13 | 2k jQgd |D - 600
2-1 | SW NE| Isadore Bonifas - 1945 185 5{Se |{DS| - - 625 |saline,
or
2-2 | SE SE| Herbert Wester - - 12 | 24 |Qgd D - - - 600
Se
3-1 | SE NW/| Oscar Sundling - - 8| 72(s¢ |D | b7 M| 9- 3-.58 | 635 |Abandoned.
4.1 | NE SE| Donald Clement - - 25 1ies [P (15 R [10- 9-58 | €20 |High iron content.
5-3 | NW NW - Mich, Bwy. Dept. - 2 - - |B - - - 608 |Gravel at k0 ft.
6-1 | NW NW| R, L, McClinchey [ C. O. Rice 1958 110 { 5ior |P| - - - 610
11-1 | NW NW| Pine deNoc School - - | 2% € [ Otb?| P - - - 610 |Plugged.
11-2 | Nw SW - - 1957] 60| 6!sc |D | 6.8} M |10-9-58| 600
12-1 | SE NW/| Walter Butler - - 13 | 18 {Qgd |P - - - 590
Se
15-1 | NE SW| Walter Zueblke Elvin Anderson 1957|192 | 5S¢ |- | 6 R 1957 590
16-1 | SW SW| William Aiker - 9k2| 50 -i{Se |[D - - - -
21-1 | SW SW| Bay deNoc Co. - 1895| 8o higgd I P - - - 590 [Flow, 10 gpm.
21.2 | SW SW do. .- 1883 133 | 2 {Se |P{ = - - 590 |Flow, 1 gpu.
21-3 | SW SW do. - 1910 | 310 k|Se |P - - - 590 |Flows, Hydrogen sulfide
Or . odor,
21-4 | sW sW do. - -« | 200 6lsc |P {45 R 1958 590 |[Flows,
. 28-1| NE NE do. - -1 25| e |P | - - - 590
hoN 184
.1 | SW NW| Frank Richards Elwin Anderson 1952 125 | 6(Sec |P | 3 R 1952 585
4.2 | SE NW| J. G. Wilson C. O. Rice 19561 101 | 5|Sc [D| - - - 590 |Flows,
4.3 | NE SW| John Kunkel do. 1956 | 117 5(Sc |D |+5 R| 4-17-56 | 583 |Flows.
kb | SW NW | Martin Tholen - - | 200 5 (8 |P - - - 590
4.5 | SW NW| Louis Guertin Tom Rice and Som | 1947 75 5i{8¢ |P - - - 590
5-1 | NE NE| Robert Porter do, 1945 426 | 61sc |P | + R 1958 590 |Flows. .
5.2 | NE NE do, C. 0. Rice 1952| 126 | 6{sec |P | + R 1958 590 | Do.
9-1| NW SE| Ricbard Dams - 1957{ 110 | 2{Sc [P | - - - 590 | Do.
" 9.2 .| SW SE| Norman Evans Tom Rice and Son | 1947 150 5 i Se D - - - 590
15-1 | NW SW| Deer Spring - - 1| 48{Qed D |+ M| 9-29-58 | 645 [Spring.
Lodge
32-1 | NW KE| Walter Haas Elwin Anderson 19k | 11% | 6{sb |D - - - 680
33-1 | SE NW| Gibson Collinson - 19001 %6 hisv |DS| T R 1958 635 {Flows in the spring,
39N 2uw
1-1 | NW NW| Nels Johnson - - | 1651 5 0tb |1 - - - -
6-1 | NW SE | Agnes Plekutowski|C. O. Rice 19541 300 | 5 |Oat |DS!20+ R| 1958 825
6-2 | SW SW| Andrev Bartoszek | Tom Rice 1928 36 | 6{0tv |DS| = - - 825
7-1| NE NW | Maple Grove Sttiool - - | 20 ( 6lotv [P |16 M {11- 7-58 | 825
8-1 | SW NW| Louis Butryn Tom Rice and Son | 1ghk{ 50 5i0tb |DS| = - - 800
12-1 | NW NW | Newhall School - - | 100+ 5| - |P - - - -
14-1 | SE NW| Alex Charon Tom Rice and Son | 1945 195 517b |DS| = - - T35
16-1 | NW NE| 10 Mile School - - 1100 | Syotb|P | - - - -
17-1 | NW SE| Schaeffer Dairy - -] 721 S,0tb |P | - - - -
18-1 | SE NW| Joseph Bartos - - 25 | 36 |Qgd [DS] ~ - - -
otb
18-2 | NW RE| Charles Butryn Tom Rice and Son | 1944 | 123 510tb {D - - - 800+
19-1 | NE KE| Joseph Potvin do, 1946] 129 | 6 |otb |D - - - -
20-1 | NW NW| Joseph LaVigne - - | 100 6 |otb |D - - - -
20-2 | KE SW| Schaeffer School - - | 100 5 10td | P - - - 780
22-1 | SW NW| Charles Robinson | Tom Rice and Son j 1945 175 5 {Otb | DS {19 M |[11- 7-58 | 730
27-1| SE SE| Hilding Olson - - 131 6 [0th |D - - - 710
28-1 | NE SW| Frank Porath Tom Rice and Son | 194k 90 5|0th |DS| - - - 760
28.2 | SW NW| Thomas Tousignant, do. 1945 88 510tb [ D - - - 720
30-1 { NW SE| Frances Pilon do, - 96 | 6|o0tb |DSikO R 1958 800
31-1 | NE SE| Lense Richer do. 19kk | 95 5|otb [D - - - 750
34.2 | SE SW| Lawrence Richer - - 1113 5|0tb [DS| - - - Thot
35-1 | SW SE| Mich, Bwy. Dept. |C. O. Rice 1957 100 | S|otb [P | 8 R 1957 690
36-1 | NW SE| Highland Golf - - 8| slote P - - - 690
Club
36-2 1 NW SW| C and NW RR, - - 18| - - |B - - - 690 |Gravel,
36-3 | SE SE| Fenlon Bros. C. O. Rice 1957|105 | 5{0tb [DS| - - - 690
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39N 23W
1-1 | SW NW| Groos School - - 25 -] «|P - - - 620
1-2 | SE SW| Leonard C. O. Rice 1957 b1 5|otv| D - - 670 | Bedrock at 31 ft,
Dombrowski
1-3 | SE SW| Levi Allard do. 1957 45 5 |otd| p. - - - 670 | Bedrock at 25 ft.
1-4 | NE SW! Escanaba Paper Tom Rice and Son | 1946 243 5 0tb| I - - §20 | Bedrock at 20 ft..
. Co,
2-1 | SW SW| Gunnar Mattson - 19531 79 6|otv] D| 17 R 1953 715 | Bedrock at 68 ft.
2-2 | NE NE| Leslie Carlson Tom Rice and Son | 1946| 90 S |0tb| D - - - 680 | Bedrock at 55 ft.
4-1 | SW sw| Danforth School - - 80 5] -1]P - - - 160
11-1 | SE SE| Orville Owens Tom Rice and Son [1945] 97 S [oth] D - - - 700 | Bedrock at 93 ft,
11-2 | NE SW| Jerry Derusha J. Derusha 1957 31 14/Qs | D - - - 720 { Eigh iron content.
12-1 | AW SE | Delta Co. - - 38 13 Qd| P - - - 630
Infirmary
12-2 | NW SE do. Elwin Anderson 19k9! 305 6 loat| P| 12 R 1949 630 | Bedrock at 52 ft,
12-3 | NW SW | Joe Whitney Tom Rice and Son [1943| 100 6 |otb| DS - - - 700 { Bedrock at 77 ft.
12-k | NW NW | David Anderson C. O. Rice 1957 97 5i0th| D - - - 700 | Bedrock at 72 ft.
27-5 | SE'NE| C and NW RR. - - 8 -l =138 - - - 622 | sand.
28-2 | SW NE | Marshall and L. N. Schemmel 1914 | 30u 5 |oat! T4! 1.,5] M} 7-11-58| 680 | Observation well,
Sherman Blake
28-3 | SW NE do. do. 91k 530 1 5 |em | 0 2.3 M| 7- 8-58| 680 Do,
28-4 | SE NW | Louis Schemmel - 1919 (1109 - - T - - - 691 | Bedrock at surface,
28-5 | SE RW do. - - 11ss -1 - lm - - - 691
28-6 | SE W do. - 1920 943 -1 - 1™ - - - 691
31-8 | SW NE - Mich. Ewy. Dept. [1939| 23 - =18 - - - 660
31-9 | KWW NE | C and KW RR. - - 32 -] - 1B - - - 679
32-1 | NW NW | Julius Flath Tom Rice and Son [1946] 55 5 |ots| P - - - 690 | Bedrock at 52 ft,
36-1 | SW NE | W. Erickson - - 1325 - |oat! D - - - 600
39N 22w :
5-1 | NW NW | Terrace Gardens - 1933 300 | 6 [Oat| P - - 590
5-2 | KW NW do. C. 0. Rice 1958{ 120 | 5 |0tb; P - - - 590 | Bedrock at 85 ft,
6-1 | SE NE | Deer Forest Tom Rice and Son |1949| 280 5 |0tb| P - - - 620 | Small flow at 115 ft.
Motel
6-2 | SW SW | Pioneer Trail - - | 100 5 j0ts| P - - - 600
Park
6-3 | SW SE | Bay View School - - {10k L lotb| P - - - 610
6-4 | sw SE|C and NW RR. - - 13 -j =18 - - - 634
6-5 | SE NE | Deer Forest C. O. Rice 1958 | 105 5 |0tb| P | 35 R {10-29-58 | 620 | Bedrock at 66 ft,
Motel
6-6 | NE SE | Andy Anderson do., 1958| 134 6 i0tb| P | k5 R [11- 5-58 | 630 { Bedrock at 78 ft,
6-7 | SE SW | Northern Mobile | Fred Rice 1956| 89 5 jotb| P | 38 R 1956 | 620 |Bedrock at 60 ft,
Bomes .
7-9 | SW SE | C and NW RR. - -1 3 -8 - - - 579 | Bedrock at 36 ft.
7-10| NW NW | Pioneer Trail - - - -{P - - - 640 | Flow, 2 gpam.
Park
7-11| SE W do. - - | 100 5 {Otb| P - - - 650
T~12] SW NE | Chemical School - 80 5 |Otb} P - - - 590
18-2 | SW NE | E and LS RR. - - {790 | 10 {ém | P - . - 590 | Plugged below 665 ft.
Flosj 250 gpm.
18.3 | NW SW | I. Stephenson Co. Escanaba Drilling{1927| 860 | 10 |ém | - - - - 620
Co.
19-1 | NW NW | City of Escanaba - 1943 | 775 -lém | P - - - 625
23-1 | NE SE | Peder Pederson P. Pederson - 26 { 96 |or | D - - - 610 | Bedrock near surface,
24-1 | SE NE | Central School - - 28 | 36 |qgd{ P - 615 .
or
24-2 | SE NE do. - - {100 5 ior | P - - - 615
29-1 | NW SE | City of Escanaba | McCarthy 19411 753 | 16 [em | P {422 R| 3-19-42| 588 | Flov, 55 gpm.
29-2 | NW SE do. Ranney Co, 1948 96 6 jqgd| T - - - 588
29-3 | NE SW do, do, 1948 | 9k 6 [Qga| T - - - 587
29-k | sW SE do. do, 1948| 70 6 jQgd| T - - - 588
29-5 | SW SE do. do. 19481 80| 6iqgd|T - - - 588
29~ SW SE do. do. 19481 55 6 |qga| T - - - 588
29-7 | NE SE do. do. 948! 92 6 |Qgd| T - - - 587
29-8 | NE SE do. do. 1948 | 70 6 |Qgd| T - - - 583
29-9 | SW Nw | C and NW RR. D. Curran 1917 | 855 8iem | I {430 R} 1917 590 | Flov, 150 gpm.
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39N 22W
30-1 | NE SW/| Richter Brewing - - | 810 - lem | T4 - - - 612
, co. . .
30-2 | SW NW| City of Escanaba - 1941 84k | 194iem | P 412 R | 3-19-42 | 611 | Flow, 45 gpm.
30-3 | sw NW do. - jou1] 816 | 19tjem | P | +6 | R | 3-19-82 | 615 | Flows.
31-1 | RE W do. - 1941| 720 | 20 [€m | P | 46 R | 3-19-42 | 607 | High iron content, Flow
. 20 gpm, Bedrock at 85 ft,
31.2 | NE SE do, Ranney Co. 1948] U3 6 iQgd| Tv - - - 585 | Bedrock at 43 ft.
31-3 | NW SE | Escanaba Brewing - - | 730 -j€m [ I - - - 595 | Bigh iron content.
Co.
31-4 | NE SW| Ralph Walsh - - 19 | 13Qgd| D - - - 600 Do.
31-5 | NE SW| Henry VanEnkevart - -] 20| 13{Qed|D - - - 600 Do.
32.1 | NW NE| City of Escanaba |Ranney Co. 1948 75 6 legd| T - |- - 582
-35-.1 | NE NE | Trinity Lutheran - - 12 | 36 |Qgd| P 6.3 | M |10-1k-58 | 615 | Bedrock near surface.
Church or
36-1 | NW SW | Wilmer Larson 0. Deganeffe - | 300 6|or. D 5.95| M |10-1k-58 | 615 Do.
I9N 21W
1-1 | SE NE| Jobn Fallstrom - - 12 | 72 {Qgd | DS 5 M [20-10-58 | 660 Do.
or
8-1 | SW NW| John Wagner - 1910 640 -l - T - - - 670
:8-2 -| SW NW do. Gunter and Skaug| 1910| 848 -] - |Ti - - - 670
8-3 | sWw MW do. - - 1k | 72 |Qgd| D 1 M {10-15-58 | 670 | Bedrock near surface.
Or RN
11-1 | NE NW| Bungslow School - 1938 29 | 36 [Qgd| P - - - T00 Do.
. Or
11-2 | NE W do., - - |30 6lor | P - - - 700
11-3 | NE SW{ U. S, Forest G. Brunner 1938] 35| 6lor | P | 1 R - 730 | Bedrock at b rt.
P BT Service .
11-4. | SW NE| A. V. Purzol C. 0. Rice 1958 | 745 6{0tb| D | 90 R [10-15-58 | 730 | High sulfate content at
: 90 ft. BHigh chloride
- : content at kOO ft.
23-1 | SE SE | Warner Okerlund do. - 1958 ko slor [ D 1 R [11-25-58 | 625 | Bedrock at 10 ft.
23-2 | SE SW| T.B,B. Erickson - - | 109 {Qgd| D | & M {10-14-58 | 630 | Bedrock near surface.
Or
28-1 | NW NW | Stack Smith Tom Rice and Son| 1948| 100 | 5 (Or | D - - - 625
29-1 | NW NE| Mayer Jacobson |C. O. Rice 1953 751 6 {oat| S - - - 615 | Flovs,
30-1 | NE NE| Stanley Thoreson |M. Gunter 1900 | 1400 3lem | TH| +3 M |10-1k.58 | 610 Do.
39N 20W .
18-1 | SE SW | Gerald Strik C. 0. Rice 1958 55 5 {0or | D - - - 585 | Bedrock at 34 ft.
29N 19W
1k-1 | NE NW | A, C. Hoy Tom Rice and Son| 1947| 100 | - {Sb | D - |- - 595 | Bedrock at surface.
23-1 | NE NE | Leo Mercier - -1 %0 6|sb | P - - - 600
23-2 | NE SE | Joe Rochefort - - |12 6 |sb | P - - - 640
23-3 | SE NE | Puffy Creek - - | 100 5|sb | P - - - 630 | Bedrock near surface.
School
26-1 | SE SW | John LaSalle - - | 165 5|sb | D - - - 700
33.1 | NE SE do, C. O. Rice 19%8| 719 5|sb | D 9,871 M | 9-30-58 | 585 | Bedrock at 20 ft.
35-1 | NW SW | South River - 1 -]10t 6isv |P - - - 660
School
)6&1’ NW NW | Robert Watchorn - - 1117 6 |sb | DS| b4,35| M [10- 1-58 | 615
30N L
5-1 | NW SE| Lavwrence Anderson|Elwin Anderson - 8L %5 {So { D - - - 640 | Bedrock at b ft.
5-2 | NE SW| Alpha Thebeau Tom Rice and Sonj 1947| 80 hisb {D - - - 640 | Bedrock near surface,
7-1 | BW NW| W. C. DeGroot C. 0. Rice 1956} 180 | 5 |sb | D | 30 R | 9-10-58 | 610 | Bedrock at surface.
7-2 | NE SE| William Sweer - -1 75| 6(se | P - |- - 590
7-3 | KE SE do. - - 5|se | P - - - 590
7-4 | SE S5E| Louis VanWinkle [G. W, Gray 1905} 233 | 5 {s» | P j+18 R | -1905 590 | Flow, 60 gpm.
7-5 | NE SE| Village of C. 0. Rice 1950{ 295 | 61isc | P - - - 550
Garden -
7-6 |} NE SE | Richard Herwes do. 1958 212 | 5 {Se | D | 10 R | 9-11-58 | 595 | Bedrock at surface.
7-7 | SE SE| James Dutch do, 1958| 112 5|sb | D - - - -
8-1 | SW SW| Herbert Sill - 19k5| 651 & |sp D - |- - 590
8-2 | SE SE| Paul Guertin Elvin Anderson 1952 115 518 | D - - - 650 | Bedrock at 3 ft.
8-3 | SW SW| Alfred LaVallee - - 1155 5|sb |D - - - 600
10-1 | SW SW | Barry Greene Tom Rice and Son|{ 1947| 65 5 (Sm | DS - - - 640 | Bedrock near surface.
12-1 { NW NE | Anna Rokowski Elvin Anderson 19%0| 100 | 6 |sm | DS| 35 R {- -10-k0 | 670 | Bedrock at 20 ft.
13-1 | NE NW - - - 20 |28 [sm | T 3.5 | M | 9-11-58 | 630 | Bedrock at surface.
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39N 18w
17-1 | SE NW| Village of Garden| - 1940 [ 257 | 6 [Sb | P [+22 R 1940 590 | Flows. Bedrock near surface
17-2 | NE SW do, do, G. W, Gray 1902 | 195 -Sb | P | 46 R 1905 593 | Flow, 25 gpm.
17-3 | NE SW do, do, do. 1903 | 220 -|Sb | P - - - i | 5995 Flow, at 193 ft,
17-k | NE sW do, do. do. 1905 | 10b 5|sb | P - - - 588 | Flow, 8 gpm.
17-5 | NE NW| Garden School Tom Rice and Son | 1941 | 154 -1sb | P - - - 610
17-6 | N SE do. - - 58 5|sb | P| 9.6] M|10-10-58, 605] Not used.
17-7 | SW NE| Antoine Farley - - | 120 6isb | D - - - 600
17-8 | SW NE| Ossie Hazen - 194k | L3 6 (sb | D - - - 600
17-9 | NW SE| Bondreau and G. W, Gray 1903 | 199 5 |Sd P [+18 R 1905 588 | Flow, 30 gpm. Bedrock at
Discw 20 ft,
17-10| SW NE| Pat Purtill Tom Rice and Son| 1936 | 182 kst iD - - - 600
17-11} SE NW| W. Stillvagen G. W. Gray 1902 | 175 L |sb |'DS|+16 R 1905 592 | Flow, 40 gpm,
18-1 | SE SE| Fred W. Beach - 19391 75 3 isb | DS - - - 625
18-2 | NW SE| Chester Ester C. O. Rice 1957 | 66 5|sb iD - - - 590
20-1 | NW SE| Fred Beaudre - - 1175 6sb | DS - - - 635
38N 24w
1-1 | NW SE| Carl Dittrich - - 15 14iQgd | D - - - -
3-1 | SW NW, C. A. Carlson - 1946 | 125 4 jotv| DS - - - 700
3-2 | NE NW| Tom Tousignant - - 15| 48 |Qgd{ D - - - 700 }
3-3 | NE NW do. - Tom Rice and Son | 1946 | 88 5 {0tb] D - - - 700 | High iron content at 25 ft.
3-4 | SW SW|{ Joseph Bock : "~ do. 1947 | 80 5 |otb| DS - - - 690 | Bedrock at 63 ft,
35 | SW SW| Arthur Orton Deganeffe | 1956 53 5 {Otb| DS| 5 R 1956 710 | Bedrock at 47 ft.
. VanEnkevort .
4.1 | SE SE| Wm. Kasblom - 1944 | 137 b fotv | DS - - - 105
k.2 | SE SE do. - - 16 | 36 [Qgd| DS - - - 705
4.3 | NW NE| C and NW RR. - - 15 - i | B - - - €99
ok | SW NW| Al Smith Tom Rice and Son | 1943 | 36 5 Jotb| D - - - 710 | Bedrock at 31 ft.
4.5 | NW NE| Fred H.Gasparick |C. O. Rice 1958 | ko 5 {Otb | DS - - - 700 | Bedrock at 2k ft,
- 51 i SW SW| Mich, Hwy. Dept. - 1950 { 1kk 5 [oth| P - - - 43
5-2 | SW SW| Al. Johnson - - 15 | 36 [egd| P - - - Th0
5-3 | SW SW|{ L. R. Peltier - - 38 4 foto! ps - - - 740
5-4 | SE'SE| E. Peterson - - 12 | 2k {Qgd{ D - - - T40
5-5 | NW SW| Mrs, Carl Sandell - - 200 6 |otb| D - - - 740
5-6 | SW sW| C and NW RR, - - 1118 5 10tb| I | 12.7| M |11-11-58| 735
5-7 | SW SW| Bark River Co-op | Tom Rice and Son | 1949 | 230 6 lotb] P - - - Ths |Bedrock at 30 ft.
6-1 | SE SE| E. J. Bergman - - - 92 6 jotb| b - - - 740
6-2 | SE SE| Theolander Nelson - - 6k | 6 jotb| D - - - T80
6.3 | SE NE| T. J. Swift - - | 200 6 |otb] P - - - 740
6-4 | SE SE| A, E. Anderson - - 172 5 [otb| P - - - 740
6-5 | SE SE| Bd. of Education - - | 29| 36 {Qgd| P -] - - 740
6-6 | SE SE| Frank Barr Tom Rice and Son | 194k | 125 5 {0tb | D - - - 735 | Bedrock at 70 ft.
7-1 | NE NE| F. W. Knauf - 1950 | 40 4 jotb| D - - - Tho
7-2 | NE NE| Fred Deracher - 1945 | 175 b lots ] D - - - Th0
7-3 | NW NE| Bark River Twp. - - 50 5 {otb | P - - - T40
Bd.
7-4 | NE NE| Carl Maroczkowski| Tom Rice and Son | 1948 | 115 5 lote| D - - - 745 | Bedrock at 26 ft.
T-5 | SW NW| A, Mayer - - - 5 {Otb| D | 11,1 | M |1l1-11-58] 760 Bedrock near surface,
7-6 | NE NE| Roy Bergman Tom Rice and Son | 1940 | 45 « {otb{ D - - - 740
8.1 | SW NW| J, R, Anderson - - - 170 5 {0tb | D - - - 740
8-2 | SE NW| Bark River Cheese - - 38 5 |otb; I - - - Tho
Co.
8-3 | NW NW| William LaVigne - - {100 5 |0tb! D - - - T80
8.4 | NE NW!| Carlson's Gas - - 60| .5 10tv ] P - - - 740
Station
8-5 | NW NE| E. E. Erickson - 1929 | 72 5 {0tb | D - - - Tho
8-6 | NW NW| A. E, Anderson Tom Rice and Son | 1943 | 35 5 [0tb | D - - - T45 | Bedrock at 32 ft.
8-7 | SW NW| Pauly Cheese Co. do., 1952 | 199 6 [otb]| 1 - - - 45
9-1 | NW NE| Melvin Iverson - 1984 | 82 L lotv | DS - - - 690
9-2 | NW NE ‘3o, - - 22 | 36 iQgd|D - - - 690
18-1 | NE NE| Frank Myers Tom Rice and Son | 194k | 120 5 {otb | DS - - - 740 | Bedrock at L6 ft,
19-1 | SW NW| Ebrath Peterson - - 4o | 36 [Qgd| Ds - - - T4
19-2 | SW SE| Peter Kiefasz Tom Rice and Son | 1943 | 93 5 |Otb| DS - - - 720 | Bedrock at 26 ft.
20-1 | SW SW| F. A, Hahn - - 8 3 {eg | DS - - - T20
20-2 | NW SW]| Sunnyside School - - 29 | 36 Jqga | P - - - 120
20-3 | SW NW do.. Tom Rice and "Son [ 1948 {130 | -6 |otb| P - - - 720 | Bedrock at 43 ft.
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38N 24w
27-1 { NW SW | Julius Tom Rice and Son{ 194k | 85 5{0tb} DS| 8 R 194k 690 | Bedrock at 66 ft,
Kwaricany sk I ; . ' R
29-1 | SW NW | Andrev Mayrchek do. 1983 75 5| 0tb} DS - - - 715 { Bedrock at 30 ft.
30-1 | SE NE | Elmer Johnson - - 68 |72 | otb| DS| 30 R 1958 725
30-2.| NE NE | Clarence Tom Rice and Son | 1943 | 1hk - | otb} DS - - - T20
Anderson .
31-1 | SW NE | Andrev Anderson - - 38 | 36 |Qd| s - - - -
31-2 | SW SE | Arvid Nelson - - 32 | ok |qQgd| DS - - - -
33-1 | NE NW | Adolph Gonsheski - - 96 6|otv] DS - - - - )
33-3 | NW NW | Stanley Myers | Tom Rice and Son| 1943 T3 6|otb| DS| . - - - 670 | Bedrock at 67 ft.
33.3 | SE SE | Stanley Bugay - 1934 | 12 | 36 |Qgd| Ds - - - 660
33-4 | SE SE . do. ] L. o198k | 60 | k]oth| DS| - - - 660 .
3h4_1 | SW'SW | Stanley Grzyb Tom Rice snd Son! 19461 46 | .S ietv| D - - - 660 | Bedrock at 35 ft.
38N 23W N ) i . . -
1-1 | SE SW | Mich. Hwy. Dept. - T 81 - -1® - - - 583
1-5 | NE NW.| Escanaba Airport - - {370 - |Cat| P P s - 590
6-1 | SW NW | Carl Scheenaman -. - {1s0 | 6fotd] DS| .~ - - 700 | |
12-1 | SW NE | C. O, Rice C. 0. Rice 1952 {710 | 6|€m | P {415 R 1958 .| 595 | Flow, 130 gpm.
12.2 | NE SW | B, E. Flath ] do, - 1725 |-5|€m | D - - - 595 | Flovs. Bedrock at 70 ft.
14-1 | NW SW | M. Flodin Orton Deganeffe | 19%6 | 75 510tb| D 9 M | 6-12-56 | 590 |Bedrock at 22 ft.
.1k-2 | NW SE | George Ventura Fred Riee 1955 | uh bioth} - | 41 R | 5-13-55 | 590 |Bedrock at 4 ft,
1%-3 | SE NE | Breezy Point Inn - - 49 51 -|p - - - 590
15-1 | SE SE | August Janke €. 0, Rice 1957 | 49 6|otb| D - - - 590 | Bedrock at 32 ft.
16-1 | NW SE | Ford River Twp. - - 8 |96 Qgd| P [} R 1949 610 | Improved spring.
16-2 | NW SE do, Dunbar and 1949 | 709 8lem | P {+21.2 | R 1949 603
Francis
16-3 | NE NE | Julius Flath - - 66 6|otv| D - - - -
20-1 | ~ NW |Jim Hider - - 22 | 36|Qd| D - - - -
20-2 | NE NW | Clarence Landi Tom Rice and Son | 194k [135 5|0tbi DS - - - 610 |Bedrock at 43 rt,
29-1 | SE SW | Gabriel Nilson Orton Deganeffe | 1956 | 300 5 {fotd| D 4,5 | R | 5-31-56 | 590 |Flows. Saline at 120 ft,
t Flows, Fresh at 300 ft,
30-1 | NE NW | G. L. Simpson - - 58 5]0tb| P - - 590
31-1 | SE SW | Island View - - 11| 8] - P - - 595
32.1 | SE KW | Stardust Lodge - - {200 | 6|Otb| P - - - 590
32.2 | SE NW do. - - |250 bhiotb| P - - - 590
38N 22w
6-1 | NW NE | City of Escanasba | Ranney Co. 1948 | b1 6|qgd| ™| 8 R 1948 589
6-2 | NE SW do. do. 1948 | b5 6legd{ ™| 5 R 1948 586
12-1 | NE ®W | South School - - 20 |2k for | P 5.5 | M [10-14-58 | 610 | Bedrock at surface,
13.1 | NW NE | E. E, Ostrum - - 20 (60 [or {D - - - 610 Do.
13-2 | SE NW | Richard Olsen - - 18 {48 for |D - - . 600 Do.
13-3 | NE NW | Skaug Bros. - - j150 | 6for [DS| 9.35] M |10-1k-58 | 610
2k-1 | NV SE | U, S. Forest - 1941 | 36 | 6lor |Bd| 2.91| M | 7-2k-58 | 588 Do.
Service
2k.2 | NW SE do, - 1937 | 95 510r | P - - - 587 | Plugged.
24-3 | NW SE do. - - 39 | 6jor [ P | 6,54 M { 7-24-58 | 587
38N 21w
T7-1 | SW NE| A. E, Hersel Tom Rice and Son - 105 5}j0r §{ D 5 R 1958 585 | Bedrock at 10 ft.
8-1 ) NW SE | C. G. Norman - - 9| 3| Qs D - |- - 585
8-2 | SE NW | Henry Prost C. O, Rice 1957 52| slor| D - - - 585 | Bedrock at 11 ft,
38N 19W
4.1 | SW SW| Carl VanRemortal | Tom Rice and Son| 1947 | 15 -{so |{ D - - - 630 | Bedrock at surface,
5-1 | NE NE | Escanaba Paper - - 159 6|sb | P | 31.15 M |11- 1-58| 61k Do,
Co.
9.1 | SW SW | Donald Zehron Elvin Anderson - 61 €1sb | D - - - 630 | Bedrock at 17 ft.
9-2 | SW SW | Harley Dalgord C. O. Rice 1957 | 107 6isb | D - - - 630
9-3 | NW NW | Glen Thill Elwin Anderson 1952 50 6isv | D - - - 603 | Bedrock at 31 ft.
11-1 | SW SW | John Sova do, - j1e7 6|sb | S| 31.6 | M |10-10-58 | 630 | Bedrock at surface.
16-1 | NW NW | Rasmussen School - - 80 51sp | P | b | M |20-10-58 | 630
16-2 | NW NW | Axel Rasmussen Elvin Anderson 1949 | 99 6isv | IS - - - 630 | Bedrock at 37 ft.
16-3 | SW SW| William Smith Tom Rice and Son| 1946 | 85 5]sb | DS - - - 620 | Bedrock at 16 ft.
18-1 | SW SE | Richard Collins | Elvin Anderson 194k | 285 61sv | DS - - T70 | Bedrock near surface,
20-1 | SE NE | Pilgrim Holiness do. - 1115 5(se | P - - €40 Do.
Cburch
20-2 { NE NE { William Watchorn do. - {17 5isb | DS - - - 630 Do.
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38K 19W
21-1 | KW NW | Pauley Cheese Co.] Elwin Anderson 1933 | 165 5|sb {1 - - - 630 | Bedrock at surface.
21-2 | NW NW do. - 1948 ] 112 6isv | I| 50 R 1958 630
31-1 | NE NE | Wessels Resort - - 65 -|sv | P - - - 590
378 2bw . :
1-1 | sW sw | Ford River Tor Rice and Son | 1946 | 106 s|otei p - - - 600 | Bedrock at 53 ft.
Cemetery
10-1 { SE NW | Ted DeGrave - - 51 6{0tb] D 3.4 | M {11-11-58 | 635
12-1 | NE NE | Ernest Dickson - - 18 51 - | DS| 11, M {11-11-58 | 550 | Abandoned.
23-1 | SW 8SW | John Costell C. O. Rice 1957 | b3 510tb]| P - - - 600 | Bigh iron content,
23-2 | SW SW do. Prank Kozikowski | 1958 35 Liotb] P 7.08| M |11-13-58 | 600 | Bedrock at 26 ft.
27-1 | NE NE | Mich. Hvy, Dept, - - 28 -{Qgd!| B - - - 598
27-9 | NE NE | Fuller Park Tom Rice and Son| 1935} 286 -10tb] P | 43 R 1958 600 | Flow, 1 gpm,
34.1 | SE NW | George Halstead |C. O. Rice 1955 | 350 5} Cat| P |{+40 R 1958 590 | Flov, 20 gpm.
34-2 | SW SW | Robert Coplan do. 1958 | 300 5| 0at! D - - - 590 | Flov, 5 gpm.
37N 19w
4.1 | SW SW | Francis Thill Tom Rice and Son| 19481 76 5186 | D - - - 590 | Bedrock near surface.
5-1 | SE SE | Frank Devet Elwin Anderson 194k [ 33 6{sb | D - - - 590 Do,
5«2 | SE SE | Fairport School do. 1948 | 11k 51 8b P - - - 590 Do.
9-1 1 W Edward Thalman do. 194k | 30 6iss | D - - - 590 Do.




Thickness in feet,

Fm, formation {see table 1);

Depth in feet below land surface.

Gr, group.

Altitude in feet above mean sea level,

Table %,-.-Logs of wells and test holes in Delta County

MDC log, Log condensed from detailed lcg available upon application to the
Michigan Department of Conservation, Geological Survey Division, Lansing.
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Thick- Thick- Thick-
ness DePth ness DEPtB ness Depth
L3N 23 3k-1 Alt. 960 koN 22W 26-2 (Continued) 2N 18W 17-1 (Continued)

Glaclal drift: Munising fm: Rock and clay 11 121
Clay 5 5 Sandstone, calcareous b 500 " Richmoni gr:

Trenton-Black River fms: : Sandstone k6 546 Limestone 164 285
Limestone 295 300 Sandstone, pebbly Ly 590

Au Train fm: Precambrian: at 530 | BN 234 32-3 Alt. 800
Sandstone 65 365 Glacial drift:

42N 20W 31-1 Alt. 730 Boulders 10 10
k3N 23w 35-1 Alt. 970 Glacial drift: 12 12 Till, red 10 20

Trenton-Black River fms: Trenton-Black River fms: Till, white 2 22
Limestone 98 98 Limestone, dark, sandy 218 230 Trenton-Black River fms:

Dolomite 32 130 Limestone, brown and Shale, blue 15 37
Limestone 10 1ko blue 60 290 Limestone, bard 20 5T
Dolomite 3% 175 No record 12 302

Limestone 10 185 Au Train fm: 41N 22W 23-1 Alt, 720

Dolomite 25 210 Sandstone, white, rounded Glacial drift:

Au Train fm: quartz grains 18 320 Sand, white 75 715
 Dolomite 30 2o Limestone, white, fine- Till, white 10 85
Dolomite, sandy 25 265 _grained, massive 35 355 Trenton-Black River fms:

Dolomite 25 290 Sandstone, white, clean 65 420 Limestone 102 187
Dolomite, oolitic 10 300 Limestone, white, sandy 10 430 Shale 63 250
Dolomite, sandy 20 320 Sandstone, white, clean; Limestone 80 330
Dolomite, ocolitic 30 350 quartz 20 450 Au Train fm:

Dolomite 10 360 Sandstone, white; Sandstone with limestone
_Glauconite 15 375 dolomitic powder 25 75 layers k5 375
Dolomite, sandy 25 L4oo Sandstone, white, Limestone with sandstone

" Dolomite 10 410 dolomitic : 25 500 layers 25 koo
Dolomite, sandy 10 20 Sendstone, dolomitic . Sandstone, purple at [ Yole]
“Dolomite 25 Lhs cement 30 530
Dotomite, sandy 15 460 Slate, dull blue 25 555 | BIN 21W 20-9 Alt. 595
Glauconite 15 475 No record ’ 75 630 Glacial drift:

Dolomite, sandy 10 U85 Munising fm: Sand, clayey 1 1
Dolomite 15 500 Sandstone, grayy rounded Trenton-Black River fms:

Glauconite 10 510 quartz particles b5 675 Limestone, light-gray to

Dolomite, sandy 25 535 Sandstone, red to buff, soft, chalky ks b5

Munising fm; pink 35 710 Limestone, gray, shaly;

Sandstone, cross-bedded, Sandstone, white 15 125 fossiliferous 20 65
high garret content 75 610 Sandstone, pink to red, Limestone, dark-gray;

Precambrian: st 610 water-bearing 25 750 fossil fragments 10 75

Sandstone 30 780 Limestone, dark-gray,
koN 22w 26-2 Alt. 770 Precambrian: at 780 shale partings 50 125

Glacial drift: Limestone, dark-gray 50 175
Ti11 9 9 | k2N 19w 7-1 Alt, 945 Limestone, buff, sugary

Trenton-Black River fms: Glacial drift: texture, crystailine,

Limestone 231 2ho Sand 140 1k0 pyritic, water-bearing 5 180

Au Train fm: ) Clay, red, and sand 126 266 Limestone, gray, soft;

Sandstone 10 250 Trenton-Black River fums shale partings 10 190
Sandstone, calcareous 16 266 (7): Limestone, dark-gray 10 200
Limestone, sandy 24 290 Rock, soft 3 269 Limestone, brown to
Sandstone 3 293 brownish-gray 10 210
Limestone, sandy 7 %00 | 42N 184 17-1 Alt, 765 Limestone, gray; shale
Sandstone, calcareocus 16 316 Glacial drift: partings 10 220
Sandstone 31 347 Sand, coarse 30 30 Au Train fm:
Limestone 12 359 Quicksand 10 ko Sandstone, medium-grained,
Sandstone ik ko3 Sand, fine, end clay ko 8o rounded, frosted, and
Limestone, sandy 17 420 Sand, fine, clay, limestone 20 2ko
Limestone 76 g6 pebdly 16 96 Sandstone, fine to

Send, fine, dry 1k 110 medium-grained , rounded

frosted, very limy 10 250
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Thick- Thick- Thick-
ness Depm ness Depth ness Depth
41N 21W 20-9(Continued) LON 22% 21-3 {Continued) 4oN 22W 22-2 (Continued)
Sandstone, medium to Ti11 11 62 Sandstone, white,
coarse-grained,; all Sand and gravel 15 77 medium-grained 35 500
quartz, frosted, well- Clay and limestone 10 87 Dolomite, brown-gray-
rounded, clean,water- Boulders i 9l white, broken, some
bearing 20 270 Trenton-Black River fms: sandy layers 135 635
Sandstone, medium-grained, Limestone 234 325 Munising fm:
clean, and limestone, Au Train fm: Sandstone, gray to white,
iron-stained 10 280 Limestone and sandstone wedium- to very fine-
Sandstone, fine- to interlayered, water- grainedy some dolomitic
medium-grained, very bearing at 400 ft. 89 130 cement {flow of fresh
1imy 5 285 Limestone 228  6h2 vater) 95 1730
Sandstone, fine- to Munising fum:
medium-grained, limy 10 295 Sandstone, white, (150 LON 22w 26-1 Alt. 580
Sandstone, medium-grained, gpm flow of water water {Little Bay de Noc) 32 32
and limestone, clean, from 742 ft) 101 Th3 Glacial drift:
iron-stained 10 305 Clay, dark-gray, very
Limestone, and much iron- UON 22W 22-2 Alt. 585 sandy 39 71
stained sana 10 315 Glacial drift: Trenton fm:
Limestone, and fine iron- Sand ks 45 Limestone at 71
stained sana 10 325 Clay, brownish-gray,
silty 8 53 | 39N 23W 28-5 Alt, 691
BIN 21W 29-22 Alt. 600 Clay, buff, limy, silty 33 86 Trenton-Black River fms:
Glacial drift: Sand, fine-grained, Dolomite, light- to
Till, red 7 7 pebbles masked with dark-gray dolomite 2ho 240
Trenton-Black River fms: clay 15 101 Au Train fm:
Rock, blue, layered, Trenton-Black River fms: Sandstone, cream-colored;
hard 16 23 Limestone, light-gray dolomitic cement, porous 2 2k
Limestone, white, hard 27 50 to buff 24 125 Dolomite, gray and buff 3 2h5
Limestone, dblue, medium- Limestone, very light- Dolomite, cream-colored,
hard ¥ 90 gray to white, very sandy 20 265
Limestone, blue, hard 10 100 soft; resembles chalk Slate, green and buff,
Rock, blue, hard 8 185 {flow of fresh water banded 2 267
Au Train fu: from 130 ft.) 20 145 Dolomite and sandstone,
Sandstone, brown 10 185 Limestone, gray, interbedded 5 272
Roek, blue, hard 50 2u5 fossiliferous 5 150 Dolomite, gray 6 278
Sandstone 20 265 Shale, gray, limy 15 165 Sandstone, cream-colored;
Limestone 8 273 Limestone, gray, dolomitic cement, porous 2 280
fossils 5 170 Dolomite and sandstone,
LIN 19w 20-1 Alt. 630 Shale, greenish-gray; interbedded 5 285
Glacial drift: lime partings 153 215 Dolomite, sandy 30 315
Sand 16 16 Limestone, gray to dark- Dolomite, gray 15 330
gray, fossiliferous 5 220 Sandstone, dolomitic S 33
Richmond gr: Limestone, brown, dolo- Dolomite, gray 10 345
Limestone 20k 220 mitic 5 225 Dolomite and sandstone,
Shale, light 135 355 Shale, gray to dark- interbedded 10 355
Trenton-~Black River fms: gray, limy {strong Dolomite, gray 15 370
Limestone, white 280 635 flov of fresh water Sandstone, dolomitic 10 380
Au Train fm: from 230 ft.) 20 245 Dolomite; crystal coatings 8 388
Sandstone, water-bearing 145 780 Dolomite, buff to brown, Sandstone, dark-gray,
Limestone 20 800 silty, (flow of fresh dolomitic 27 W15
Sandstone, red 5 805 water) 65 310 Dolomite, gray 20 435
Limestone, sandy 115 920 Au Train fm: Dolomite; crystal coatings 55 490
Sandstone, soft 10 930 Dolomite, gray-brown, Dolomite, light-red;
Limestone, broken 26 956 porous 10 320 crystal coatings 5 495
Limestone 34 990 Sandstone, white, medium- Dolomite, red, sandy 25 520
Munising fm: to fine-grained 50 360 Munising fm:
Sandstone, white, water- Dolomite, tan 5 365 Sandstone, dolomitic
bearing 165 1155 Sandstone, white, cement, very large-
Sandstone, red 5 1160 medium- to very fine- grained at 535 ft. 25 5h5
grained {flow of Precambrian: at 545
LON 22w 21-3 Alt. 605 fresh water) 55 420
Glacial drift: Dolomite, gray, tan, 39N 23w 28-6 Alt, 691
Sand 13 13 and white; some sandy Trenton-Black River fms:
Quicksand 38 51 layers b5 65 Dolomite, light- and
dark-blue to gray 230 290
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Thick-

" Thick- Thick-
ness Depth ness Dépth ness Dept.h
39N 23w 28-6 {Continued) 398 22W 18-2 (Continued) 39N 22W 29-1 Alt, 590
Au Train fm: Sandstone, white, Glacial drift:
Sandstone, cream-colored, medium-grained, Sand, yellow, white,
dolomite k0 330 sulfur water at and pink, unsorted,
Sandstone, white 10 340 720 ft. 75 745 gravelly (inflam-
Dolomite, gray, banded 5 35 Sandstone, white to pink, mable gas under
Sandstone, dolomitic 25 370 medium to very coarse: thin layer of clay;
Dolomite, sandy 25 395 grained 11 756 Upon ignition flame
Sandstone, dolomitic 15 410 Conglomerate, gray 4 760 was about 30 ft
Dolomite, sandy 20 k30 Precambrian: at - 760 above casing. Hole
Sandstone, dolomitic 15 bis Plugged bdack to 665 ft, filled with vater but
Dolomite, sandy 35 480 flow of gas continued
Dolomite, dark 20 500 | 39N 22¥ 18-3 Alt. 620 for 48 hours.) 8 89
Munising fm: Glacial drift: Mud, drown 1 90
Sandstone, red and gray 75 575 Sand, light-gray to Trenton-Black River fms:
Sandstone, dolomitie, reddish-yellow, (water Dolomite, light-browm,
uniformly coarse from 16-52 ft.) 52 52 crystalline (water
grained 5 580 Clay, light-brown to rose to surface but did
Sandstone, red ko 620 red 18 70 not flow) 55 145
Precambrian: at 620 Trenton-Black River fms: Limestone, gray, dense 20 165
Limestone, gray to buff 17k 2bk Dolomite, gray to brown,
39N 22W 6-6 Alt, 630 Dolomite, gray to buff 330 some limestone 153 318
Glacial drift: Au Train fm: Au Train fm:
Sand, fine 25 25 Dolomite, gray, sandy 15 3h5 Sandstone, white, medium-
Sand, medium, and fine Dolomite, sandy 10 355 to coarse-grained,
gravel 10 35 Sandstone, gray to white 70 Los {flowed 4 gpm in first
Clay, red 20 55 Dolomite, gray to buff, 10 ft.) 102 oo
Till, brown 5 60 sandy 35 k60 Dolomite, gray-brown to
Till, light-gray, Sandstone, white to buff, dense; a little
(gravel near bottom) 18 78 light-gray 10 470 green shale 87 507
Trenton-Black River fms: Dolomite, light-buff to Sandstone, white, unsorted
Limestone, gray, hard gray, sandy 160 630 some dolomite; a little
(creviced at 85 ft.) 7 8 Munising fm: green shale 555
Limestone, gray, hard kg 134 Sandstone, white to gray 165 795 Dolomite, brown to buff
Precambrian: at 795 and gray, dense to finely
39N 22W 18-2 Alt., 590 crystalline (flov of
Glacial drift: IGN 22W 19-1 AlL. 625 vater from 656 ft) 101 656
Sand and gravel 59 57 Glacial drift: Munising fm:
Sand and clay, yellowish- Sand, yellow, pink, Sandstone, white, unsorted,
gray 8 65 and vhite, gravelly 8k 8k some brown dolomite (55
Trenton-Black River fms: Trenton-Black River fms: gpm flow of water,
Dolomite, light~gray Limestone, light-brown 6 90 mainly from 565 to 681
to gray 220 285 No record 105 195 £t.) 97 753
Au Train fm: Dolomite, gray to
Sandstone, gray, medium- light-brovn 120 315 | 39N 22w 29-2 Alt, 588
to fine-grained (yields Au Train fm: Clacial drift:
soft water) €5 350 Sandstone, gray, Sand, fine to medium 66 66
Dolomite, light-gray, unsorted 37 352 Sand, very fine, silty 20 86
sandy 10 360 Dolomite, buff, dense, Clay 10 96
Sandstone, light-gray, shale traces 5 357 Trenton-Black River fms: at 96
fine- to medium-grained 5 165 Sandstone, vhite, fine-
Dolomite, light-gray, to coarse-grained, a 39N 22W 29-3 Alt. 587
sandy, {large flow of little buff dolomite 20 377 Fill, fine sand, etc. 20 20
water from 391 ft.) 61 ko6 Dolomite, buff, dense Glacial drift:
Sandstone, light-gray,’ to crystalline 78 k55 Sand, fine, gray, silty 35 55
fine- to medium-grained, Sandstone, white to Sand, fine, black, clayey,
very dolomitic (small gray, dolomitic cement 25 L8o 8ilty 2 9
flow of water) 19 Lbs Dolomite, brown to buff, Sand, fine to medium,
Dolomite, light-gray 30 475 crystalline, sandy 142 622 gray, clean 13 70
Dolomite, gray to pink, Munising fm: Clay, black 2 T2
very sandy 130 605 Sandstone, gray, fine- Sand, fine, yellow 5 77
Munising fm: to medium-grained, Clay, black, sticky 6 83
Sandstone, light-gray, traces of shale 153 775 Sand, fine to medium,
medium- to coarse- gray 1 8
grained, dolomitic, Clay, black, soft, with
several flovs soft water 65 670 layers of hardpan 10 9k

Trenton-Black River fms: at

94
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Thick- Thick- Thick-
ness Depth ness Depth ness Deptd
39N 22W 29-5 Alt. 588 39N 22W 29-9 (Continued) 39N 22W 30-3 (Continued)
Glacial drift: Dolomite, buff to gray; Limestone, gray, dense,
Sand, fine, yellow 60 60 streaks of red shale; shaly 90 230
Sand, medium, yellow 8 68 sandy at bottom Dolomite, gray and brown 9k 324
Sand, fine, yellow 8 716 (several shows of Shale, greenish-gray b 328
Clay 2 78 soft water 605-635 Dolomite, buff, dense,
ft.) 95 635 some quartz grains, a
39N 22W 29-T Alt. 587 Munising fm: little green shale 25 353
Glacial drift: ' Sandstone, white to Au Train fm:
Sand, fine to medium, . gray, limy (flov of Sandstone, white to buff,
dirty 30 30 soft water at 650 ft; unsorted traces of
Sand, fine to medium 30 60 sulfur vater at 670 dolomite and green shale 147 500
Sand, fine, and muck 1 61 ft.; main vater- Dolomite, gray to buff,
Sand, fine to medium, bearing horizon dense to crystalline 146 6L6
gravelly, pleces of reported from 730 to Munising fm:
muck 75 795 ft.) 160 795 Sandstone, white to gray,
Sand, fine to coarse, Shale, red, 8lightly some sandy dolomite 170 816
gravelly 6 81 1limy 800
sand, gravel, and boulders & 85 Sandstone, red and wvhite, IGN 22W 31-2 Alt, 585
Sand, fine to medium, fine- to medium Glacial drift:
gravelly T 9 grained 30 830 Sand, fine to medium 30 30
Trenton-Black River fms: at 92 Sandstone, gray, probably Clay 12 k2
wvater-bearing 24 85k Gravel 1 k3
39N 22W 29-9 Alt. 590 Precambrian: at 85k Trenton-Black River fums: at i3
Glacial drift:
Sand, vellow to red, 39N 22W 30-2 Alt, 611 39N 22W 32-1 Alt. 582
coarse o Lo Glacial drift: Glacial drift:
Gravel 10 50 Sand, pink, yellow, Sand, fine, yellow 35 35
Clay, pink, limy 35 85 white, unsorted L0 Lo Sand, medium, yellow 25 60
Gravel, sandy, very coarse Clay, red, limy, Sand, fine 13 73
near bottom 21 106 gravelly 25 65 Clay 2 75
Trenton-Black River fms: Gravel and unsorted sand 10 15
Limestone, gray to buff, Clay, red, gravelly, 39N 21w 8-1 Alt, 670
hard, with vhite sandy 3 78 Glacial drift:
crystalline masses, Gravel 4 82 Gravel and clay ] 9
shaly near bottom 54 160 No record 78 160 Richmond gr:
Sbale, greenish-gray, Trenton-Black River fms: Shale, blue ks sh
1limy 10 170 Limestone, gray to
Limestone, buff-gray, brown, dense 60 220 Shale, fossiliferous 13 67
shaly 10 180 Dolomite, duff, Shale, brown 28 95
Shale, gray to dark-gray, crystalline 50 270 Shale, blue 20 115
limy 8 260 No record 28 298 Shale, brown 8 123
Limestone, light-buff Au Train fm: Shale, gray 70 193
to gray, shaly 60 320 Dolomite, light-browm, Shale, light-gray 8 201
Shale, greenish-gray, crystalline b2 340 Shale, bituminous 50 251
1imy 50 370 Sandstone, white to Trenton-Black River fms:
Au Train fm: buff; streaks of Limestone 83 334
Limestone, light-to dark- dolomite and green Limestone, fossiliferous 55 389
buff and gray with sandy shale 85 k25 Limestone, white 8 1397
phases and streaks of Dolomite, light-brown Limestone, dark, with
dolomitic sandstone to darke-gray, dense to quartz geodes ('I) 15 k12
{flov of water) 10 38 crystalline, thin Limestone, with quartz
Dolomite, light-buff sandstone lenses 240 €665 geodes 45 Ls7
(large flow of water Munising fm: Limestone 24 481
at 391 ft,) 15 395 Sandstone, gray at €65 Shale, blue L 485
Sandstone, white, fine- Limestone, black 1k ko9
grained, soft, dolomitic 15 410 39N 22W 30-3 Alt, 615 Limestone 19 518
Dolomite, white, hard; Glacial drift: Shale, blue b sp2
sandy streaks {flow Sand, gravelly 50 50 Sandstone, and limestone 38 560
of soft water at U430 Clay, red, limy, and Shale, red 1 561
and 450-480 rt.) 70 480 some gravel 20 70 Shale, sandy 1 562
Sandstone, whitej streaks Sand, dolomitic 20 90 Limestone, and sandstone 66 628
of dolomite 20 500 Trenton-Black River fm: Limestone, crystalline 12 €ko
Dolomite, buff and gray; Limestone, light-buff,
sandy streaks 30 530 dense 30 120 {39N 21W 29-1 Alt, 615
Sandstone, white, very Dolomite, light-buff, Richmond gr:
fine grained, dolomitic 10 5Sko erystalline 20 1k0 Limestone 20 20
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Thick- Thick- Thick-
ness Depth ness Depth ness Deptd
39N 21W 29-1 {Continued) 38N 23W 16-2 (Continued) 38N 23W 16-2 {Continued)
Shale and limestone, Shale, red, sandy, soft 10 645
Shale 300 320 light-gray, soft 27 161 Sandstone, soft, red,
Trenton-Black River fms: Limestone, gray, bard 17 178 grading to pink, {flow
Limestone interbedded Limestone, dark-gray; of vater, 11 gpm} 67 T2
with shale layers 80 koo layers of soft shale 27 205 Sendstone, pink, fine-
Limestone 300 700 Limestone, light-gray 30 235 grained; no additional
Au Train fm: Limestone, gray, bard 22 257 water 18 7%
Sandstone interbedded Sandstone, interbedded Sandstone, pink, strong
vith thin hard lime- with limestone 28 285 phenolic medicinal
stone layers 51 751 Shale, blue and red odor,{ plugged back to
layers b 289 709 ft.)
38N 23W 16-2 Alt. 601 Limestone, gray, very
Gravel rill: bard 2 291 | 38N 22w 6-1 Alt, 589
Glacial arift: 3 03 Sbale, red, soft 1 292 Glacial drift:
Sand, medium, and black Shale, red, interbedded Sand, yellow, fine to
muck 7 10 with limestone 3 295 medium 22 22
Sand, fine LY Sandstone, reddish 2 297 Sand, yellow, medium to
Gravel, coarse, and sand, Limestone, bard, and coarse, fine to coarse
bouldery 3 17 sandstone 3 300 gravel increasing gquantity
Boulders, ¢lay, and fine Limestone, gray, very et depth, boulders 12 34
sand 2 19 bard 5 305 Clay, red 7 L1
Clay, bardpen, red, Sandstone, shale and Trenton-Black River fms: at 158
gravelly, dry 23 limestone layers 20 325
Trenton-Black River fms: Limestone, dark-gray, 38N 22w 6-2 Alt, 586
Rock, bears a good sandstone layers 22 37 Glacial drift:
flow of red water 1 2k Au Train fm: Sand, fine to coarse 28 28
Rock, gray, very bhard 2 26 Sandstone, white, with Sand, gravel, and
Soft layer 1 27 gray streaks 3 350 boulders 1 29
Rock, grayish-brown, Sandstone, gray, shaly 10 360 Clay 16 4s
very hard 11 38 Limestone {or dolomite)) Trenton-Black River fms: at ks
Rock, soft 1 39 gray, shaly €5 kos
Rock, gray, very hard Sandstone, grayish-white 30 Lss | 37N 24w 27-1 Alt, 598
~ {dolomite?) 2 Limestone, gray, sand- Glacial drift:
Limestone, grayish 5 46 stone layers 10 465 Sand, yellow, fine 3 3
Limestone, grayish, very ' " Limestone, gray 55 520 Gravel, coarse, medium
bard 1k 60 Limestone, very light to coarse, and yellow
.Limestone or dolomite, brovn ’ 37 557 sand L 7
dark-gray i Th Munising fm: Clay, red, medium, firm 2 9
Limestone, dark-gray 17 9 Sandstone, pink, soft 8 565 Clay, red, firm, sand,
Limestone, gray, shale Clay, cinnamon-colored 3 568 and gravel 5 1k
layers 2k 115 Sandstone, pink T 575 Sand, red, medium, and
Shale, hard limestone Sandstone, red 30 605 red clay, very
layers, fossils 8 123 Sandstone, gray with gravelly 9 23
Limestone, blue, very black flecks 10 615 Boulders, large, and
hard 11 134 Sandstone, gray 20 €35 medium-red sand; bed-
rock fragmentsa 5 28
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Table 5.--Chemical analyses of ground-water samples in Delta County
: 7" . ARG

Aquifer:;

Depth:

Sampling point in vell, in feet below land surface.

See table 1.

Where depth is not
indicated, sample was collected from pump discharge or flow at well bead,

Analyst: M, Michigan Department of Health; U, U. S. Geological Survey.
Potassium: + indicates potassium (K) included in value listed under sodium (Na).
Chemical constituents (parts per million) 8 _.
A " g
o o 8 ) —
o - Q o j
o ~— m o 3 .
& —_ [0 — ~ —~ —_ -~ 133 - IR
[ ﬁ c()'\) ? 5 -— 5 L é: 8 : O’q 'g w g ° @
I o -t (3] o 2 122 ~ ~— = -t o Vo N
% 2 |8l slg e sl Tl lelT e o 53| 3
g " ° 3 4 B = - ° @ < B © @ @ ~AE] @
© El 215 ¢ 8 ~ 2 s B H % o % b e ~ g SR §
- -i e U - i~ o = -t & < L2 < [+3 1 o o (3]
IR 2| sl 2| 2 1l |3l E A g Elw |BElG
§ g 3 .‘é zg wy »’:d 5 { 2] 8 =2 [2] (] Txe = = = (=3 U ~— 9
L3y 23w
6-1 [otb] - M| 10-2k-58 - - 56 | 271 7 - [ 312 2 - - 250 - 500| -
21-3 lqgd| - iM| 3- 3-53 - 1b - - - - - - - - - k90| - - -
L3N 22w
36-1 |Qgd| - [M] 11- 3-58 - - 60 26 2 - {288 15 1 - - - 255| - k7o) -
43N 21w
3-1 |otb| - |M] 10-20-58 ¢} 62 26 2 - | 288 15 (] - - 260| - 500{ -
L3N 19W .
1-1 {Qegd| - [M| 8-11-58 - - 30 10 1.6 - |z7 13 0 |- - - 115f - 2451 -
2k-3 [otbizoo {U| 8-20-59 - - 22 12 21 3.9 1139 18 | - - 161 | 105]7.% | 293 -
otbloso [U| 8-20-59 - - 2% | 12 25 Lii|1s0 | 22 18 | - - {3 1104 7.5 | 328 -
otb|300 {U| 8-20-59 | - - 23 1 11 ,. 33 b6 11k | 2 24 | - - | 192 103]7.5 | 38| -
otbl3so (U] 8-20-59 | - - 2k | 10 b2 Lgi1k8 | 29 32 | - - | 25| wo1{7.3 | Lo -
otb|380 |U| 8-20-59 - - 22 11 23 hoo| 134 21 1 |- - 170 100 | 7.5 298} -
b2N 23W
3-1 jotb| - IM|10-21-58 | - - 224 - - - - - 190 - - 725( - 1400] -
otv| - |u}12- 9-58 | 6.4 .09 | ko 59 52 7.3 | 518 b3 § 2500 | .2 |19 400 | 3840 | 7.3 4720 45
7-1 [otb| - M| 10-29-58 | - - 64 | 2k 2 -] 304 6 1] - - - 260 - 500! -
LoN 22w . .
26-2 |em | - |U - - - - 57 2k 18 - 1286 | 25 15 | - - - 241§ 8.0 | 451} -
" £n - |uj12- 9-58 | 9.5 .97 58 2k 14 2.3 {280 24 2} .2 5| 289 2431 6.7 531[45.5
2N 21W
T7-1 |€m - M| 11- 3-58 - - sb 23 7 - |26k 15 bof - - - 230 - 60| -
19-1 {oat| .- {M]| 11- 3-58 - - 50 26 15 - | 264 33 2 |- - - 230 - 510 -
33.1 |oat| - |M| 1l- 3-58 - - 52 | 24 17 - j260 35 13 | - - - 230 - 5100 -
k2N 19W
7-1 |or | - |M| 8-12-58 | - - 32 | 16 L6l - j171 ] 13 o - - - W5 - 31514s,8
1N 24w
2-1 |€m - |M] 11~ k58 - - 52 23 5 - |250 20 [ - - 225 | - k50 -
7-1 Jotb{ - [M| 11l- 5-58 - - 64 | 23 10 - (260 | 27 11 | - - - 2551 - 530| -
LN 23w
5-1 [oat M| 11- 4-58 - - 56 23 b - ] 268 20 1] - - - 2351 - 460 -
33-1 jotb| - ju|12- 9-58 |10 24 63| 2B 22 3.,0{310 | 53 71 .4 340339 1 272 7.1 515 -
bin 22w
4ol Jost| - M| 11- 6-58 - - 52 24 1k - | 260 20 | - - - 230 | - 751 -
5-1 {otb{ - IM!11- 6-58 - - Th 45 22 - |32 | 25 67 1 - - - 370( - 800| -
9-2 |otb] -- {U| B-20-59 [15 B2 97 Lb 22 2.5 112 | T4 3| 1] bos 23] 7.2 | 834 -
32-1 jotb! - |M| 11- 6.58 - - 66 13 b5 - | 260 0 Tr, | - - - 220 - koo; -
BN 21w
6-1 |otb| « M| 11-12.58 - - 120 8s 920 - {264 | 370 1320 | - - - 650 - §100 -
20-7 |oat| - [U| 5-28-58 | 8.8 .20 51 2k 14 3.3|248 | 27 22 | .2 2| 273 226 | 1.5 48y -
29-22{0at| - M} 11-11-58 | - - 68 1 30 56 - {190 | 381 155 | - - - 295} - 900| -
30-3 |oat| < |M - - - - - - - - - -10 | - - - 230 - - -
32-3 jOotb| - M - - 2.4 - - - - - - 3 | - - - 2801 7.2 - -
32-4 |Qgd| - |M| 8-26-58 | - |17 - - - - - - 210 | .05 - - 20| - - -
36-1 |otb] - IM - - - - - - - - -1 115 - - - 525! - -1 -
L1N 19w
20-1 fem - jul11- k57 | 7.8 .19 67 28 66 6.3}188 47 158 | .3 WAt obet 2821 7.6 886| -
LIN 184
13-1 {Qs - IM| 9-16-58 | - - 170 | 79 27 - {110 | 555 52 | - - - 7501 - Lpoo| -
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Chemical constituents {parts per million) &~
Y ~ :-O
o o SN —
7 | = & g §9 0 E
@ — w — ~— —_ — — o o W ~—
+ &N b X £ = g — — L) 0 o 1
b o o L] el — hd L Q (&) e (=] L=} “u =] @
3 S el -S| 8 | £ P - T B S I - I °g | 5
8 — ~ ) 3 ~ 3 =3 @ L [} @ [23=1 el
2 5 o 8 ° £ § = g | 3 3 3 3 3 ® 3 T8 B
e E=] > A hed @ 3 a 5 « 3 1l o - < Rl ] 8‘
- -l 2 |~ @ i [~ ] = ~t 3 o ~ 5] o 3 L] °© v o
Sl21808 2 [ 21| £ |3 Sl 212 |2 | |88 |z |8 8
¥ (T &|Z & @ =t 8 £ 3 £ 1] & & S &= P & S 2 |al | &
41N 18w 5 oo | 631 ) N 00
31-2 Jor |100{M| 9-18-5 - - 3 50 - | 1b5 1450 | 7600 | - . - % - | 30p00| -
or {150/M| 9-18-58 | - - %120 1610 - | &6ko - [ 14811800 2\£oo - - - lﬂ}xoo - |&do0o| -
or |20o{M| 9-18-58 | - | - | 960 |ip10 | 7800 - | 110 | 1800 | 2d000 | - -1 - jispoo| - |8G000| -
or |250{M| 9-18-58 | - - | 3B L2 j,jao - | 130|750 {19500 | - - - d1zkoo| - |70000( -
3.2 |Qgd | - [M| 8-15-58 - - s8 22 3 - j2su| /28] Tr, - - - 35| - 500{ -
LON 2w
3.1 |otb | - M |1l- 6.58 - - 68 23 2 - | 288 20 2] - - - 265 | - 500{ -
34.1 {otb | - |M|11- 7-58 - 56 29 14 - | 322 30 51 - - 260! - 580¢ -
4ON 23w
28-1 jotv | - |M[11-12-58 - - 72 39 34 - | 380 80 16| - - - 30| - 800t -
32-1 fotb | - [M|11-10-58 | - - 38| 27 185 oo | 85| 1ko - - 205| - | 200| -
32-2 |Otb | - {M}11-10-58 - - 70 23 6 - |26k 25 6| - - - 2701 - 5101 -
LoN 22w
b2 lQgd { - M| 9- b.58 - - 30 12 1.k - 1146 13 14 - - - 125 - 260 {45
10-3 [oat | - [M| 8-20-58 - - 22 12 6.4 - | 1k7 9 2| - - - 105 - 230 |46
10-6 |oat | - {M| 8-20-58 | - - 22 12 5.3 - - 7 1) - - - 105 | - 235 [47.5
21-3 |em - M . 15 tr., b1 12 9.5 - ik 53| Tr. - - 2148 - - - -
22-2 |€m - M| 6-18-57 | 8 1 54 21 1k 3.6] 254 30 12 |o [4 27k 220 { 7.5 5001 -
LON 21w
N 10-1 |or - luj1e-9-58 | 9.2| 1.8 [ 32 €3 8.7 346 64 56 | & 1.7 W62 291 | 6.7 80%145,.5
ON 20W
20-1 |or - {M|10-10-58 - - 8ho | 646 3800 - 1108125001 7150 | - - - k750 | - -
or - M }{11-10-58 - - 860 | 610 3700 - | 113 {3300 00 | - - - 4650 | - |32000| -
20-2 |or - M 1958 - .1 - - - - - - q400 | - - - 15600 - - -
LON 19W : 4
6-1 |or - [M| 8.22-58 - - 2 9.2 38 - j1e7 35 30! - - 92| - 30| -
15-1 |Se¢ - M 10-10-58 - - 560 { 110 L8 - | 14511750 90 | - - - 1850 | - 3000| -
§ 21-3'1 Se - 1M | 10-10-58 - - 580 b3 16 ~ ] 200 {1500 0| - - - 17625 - 2300| -
ON 1
kol iSe - 1y} 5-28.58 |1k B3] 302 97 35 k5| 88 00 10 | 1.2 .91 1750 | 1150 | 7.2 | 1870| -
5-1 ISc - M| 9-5-58 - - 2ho 85 17 - | 100]| “850 10! - - - 950 | - Ljoo| -
39N 2hw ‘ :
6-1 [0at | - {M|11l- 7-58 - - 48 24 20 - | 262 25 @] - - - 220! - 500| -
8-1 jotb | - [M]|11- 7-58 - - 62 28 27 - | 36 53 6 - - - 270 | - 610] -
30-1 jOtb | - [M |11~ 7-58 - - 72 32 7 - | 300 50 1k - - - 30| - 600 -
35-1 jotb | - [M | 11- 7-58 - - 16 33 6 - 220 31 Tr, - - - 1751 - 350) -
39N 22W
5-1 {oat | - [M|12-16-k2 | 6,4 tr. 33 12 7 - 135 20 71 .1 - 164 130 | - - -
6-2 |otb | - [M|10-24-58 - - 32 9.7 3 - 1k 7 2| - - - 26| - 260 -
6-6 |otb | - [M|11l- 5-%8 - - 20 13 9 - | 1k 10 3 - - - 105 - 260! -
6-7 {otb | - |M | 11-29.56 - 1.6 - - - - - - 12| - - - 140 | 8,0 - -
18-2 [oat | b12|{M | 6-16-30 (45 1.4 70 37 tr. - | %8 35 17| - - - 320 - - -
em - |M|10- 6-30 | 6.4 - 48 24 20 - | 2k6 36 16| - - 270 218 | - - -
£m - (M| 8-11-38 - - 50 24 20 - | 255 36 JL - 280 218 - - -
€n - (U] 2- 5-52 | 8.5 82 50 22 1k 3.7 253 29 10| .3 ¢} 253 218 7.8 4551 kg
19-1 [€m -°{M - - 1 - - - - - - 13 2.0 - - 180 | - - -
29-1 |€m - M| h-16-81 ] 9.2 25 41 20 11 - | 200 37 16| .25 - 245 1851 - - -
29-9 [€m - |M|12-28-22 |12 - Bk 19 22 - | 21k 36 7] - - 252 - - - -
30-2 |€m - (M| 1- 7-b2 | 6.4 1 7 23 12 - |21t 4o 121 .3 - 250 211 - - -
£m - {u| 6-19-58 |10 .18 b2 19 18 3.2| 212 35 W] .5 2| 246 183 7.9 426151
30-3 |€m - M - - [} - - - - - - 13 . - - 180 | - - -
36-1 {or 50{M | 10-21-58 - - 8L b1 120 - | 296] 120 18| - - - 380 - 1k00f -
or | 100{M | 10-21-58 - - 96 5% 122 - | koo | 120 160 | - - - 40| - 1800] -
Or | 150{M | 10-21-58 - - Th by 122 - ko0 120 155 | - - - 355 - 1400] -
Orc | 200{M | 10-21-58 - - 340 | 262 2500 - 1258 w75 K - - - 1925 | - {17500 -
Ore | 250/ M | 10-21-58 | - - 340 | 262 | 3500 - {254 500 | 46OO| - - - | 1925| - [17500 -
Ore | 290 M | 10-21.58 - - 330 1 262 2500 - | 254| s00 h)'(oo - - - 1900 | - (17500 -
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Tab]:e 5.~-Chemical anal&see of ground-vater samples in Delta County,--Continued

Chemical constituents {parts per million) v
Y~
= o 01
3 T & g gV E
I — ) —~ - —~ — — Q o e ~
En ‘{; oN ? 5 —~ 5 o 5' S E: 5\ '3 ) g @ [
2 2 @ - = 2 < £ ~ o R s °8 15
B ~ ~ L g — g =1 L3 v o b o g 2
3 S R o e g -t - o [ o ° @ 3 @ a [} g
MK s ° 0 H § | 5|8 &) §|E | §| 2 | % S8
- : 's r->: - 3 = g g -t < a L] Q o E o o ¢ o 84
S 2518 = 22l 32| R sls| 3| B8] 8l &l=l|BE|S
g g 8 < 8 223 (2] (47 = 0w g -3 2] B3 <9 = [2] o =3 U~ 2]
39N 21W :
231 |or | - |u} 12- 9-58] 9.0 2.3 | 556 |1k6 598 ]33 | 1501550 | k0| 1.2 | 1.7 ;270 1990 7.0 5760|47
29-1 |oat| - |U| 5-28.58] 9.4} © 125 56 140 9 182 59 4551 .5 .8 1p50 5421 7.2 -
30-1 [€m | - | M| 10-1k.58| - - 10h | sb 135 -{175| 60| ool - - - kgo | - -
39N 19W
26-1 {sb - M} 9-15-58 - - 39 35 3.5 - | 340 20 Wi - - - 305| - 580 -
39N 18w
7-1 186 | - |M[ 3-5-57] - |0 - - - -1 - - 1] .5 - - 360| - -1 -
7-5 {Sc -~ IM| 1-13-50] 8 7.0 | 262 | 65 20 - 1183 776 41,6 - sk | gwof - - -
12-1 |sSm - [M| 9-30-58 - - 19 9.7 1.8 - 88 7 1) - - - 88| - 220| -
17-1 |sb - M| 11-12-B% | 5.2 8 | 122 36 6.8 - | 173§ 304 6{1.6 - 612 4507 - - -
5 " Sb - [M] 9- 5-58] 10 R 126 h Bh | 1.9) 153 315 511.,3 [ 618 4551 7.5 870 |49,2
38N 2w . :
5-1 [Otb| « M| 11-11-58 - - 76 32 b6 - {3715 85 17| - - - 3201 - 7501 -
Otb| - |U] 12-10-58| 9.6 | 1.3 86 3 ho 6.8 398 85 18 .k RIS 3421 7.1 794 87,5
7-1 j0tb] - M - - .6 - - - - - - 0] - - - 340} - - -
7-2 [otv| - |M - - .2 - - - - - - 10} - - - - - - -
27-1 {otb| - |M| 11-10-58 - - 36 16 3 - 1115 12 tr. | - - - 155 - 300| -
38N 23W
12-1 jem | - M} 11-11-58] - - 36 18 27 - 1165 52 21| - - - 165 - 450{ -
£m - 10} 12-10-58 7.9 .03 38 18 27 3,61 172 53 22 .7 1 255 169 7.4 bhé 152,
142 fotb| - (M| 5-13-55 - | T, - - - - - - Tr, | O - - 220 - - -
©15-1 [otb| - IM[11-12-58}| - - ko | 16 14 - {200 20 8| - - - 165 - 375 -
16-2 |em M 1948 10 .2 35 16 bk - | 160 65 36| .9 - 290 1531 - - -
€m - M| 12- 5-53| 7 .2 30 | 16 4o - l156 | 6o 30| 6 0 278 | 142{8.1} 5Sko| -
cm | - IM| 8-13-58] 9 A5 36 1 1S 41 4,5/ 150 | 6k 331 71 0 274 | 156(7.5| 480 -
29-1 |0tb | 120{ M| %-31-56 - W15 - - - - - - 150 | - - - 700 | - - -
th | 300{M| 6-12-56| - | 3 - - - - - 375 ] - - - 5] - -] -
at
388 22w
ezh.3 or | - |Uj12-9-581 5.3 .62| 167 | & 570 30 | 258 | 180 | Liko| .B | 6.1f2b20 | TH6| 7.1 bi7olkk
38N 21W
7-1 |or - iM| 9-17-58 - - 80 TS 160 - | 302 35 330 - - - 390} - -
38N 19W o0
5-1 |sb - M]11- 1.58! - - 84 39 11 - | 375 35 13 - - - 370 - 720 -
11-1 {sb - [M] 10- 2-58 - - 5k 28 6.4 - | 280 23 51 - - - 250 | - 500( -
18-1 {sb - [M] 10-10-58 - - 66 36 3 - | 340 25 ] . - - 35| - 620 -
37N 24w
23-1 fotb| - {M| 11- 958} - - 8 | 21 5 - 1317 [} 22| - - - 2901 - 580| -
27-9 |otb| - IM| 11-13-58 - - 27 | 18 20 - | 156 30 1| - - - 1%0] - 375| -
341 |oat| - (M| 11-11-58 - - 26 1k 16 - 1132 ko 71 - - - 125 - 320( -
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Analyst; M, Michigan Department of Health; U, U. S. Geological Survey
Chemical constituents (parts per million) ° .L;
Q0
SN
< ) g 25
s -] — o 1 b4
b > - 4 B = oy © 28
1 ° 8 — *: 3 o L8] o o ‘g
— —— = 3 ~ © ©
K] = g Z 2 ¢ ° o £
o » g - o 13 ° » - U
8 o :. 2 o g F=3 » Ll L - ot
5 sec. T. R s 13 E| 5§ | 5|2 & 8|¢% P
ec. . - 5
3 B | E] 8| & | & &| 3 | 8| 8] =&
Bark River 26 37N 2uw 11-28-58 U 47 12 3.1 166 26 4,3 167 7.2 313
Big Bay de Noc Nahma 6-19-Lk 35 11 6.0 | 150 17 L0 |13k - -
intake
Big Fishdam River 33 LIN 18W 11-28-58 | U 2k 8.5 1.0 93 18 2 95 1 6.9 189
Bills Creek 15 h1N 21W 11-28-58 U 17 2.1 1.3 b2 6.8 2.0 51 6.4 101
Blacks Spring 36 L3N 22w 11- 3-58 M 60 26 2.0 288 15 1.0 255 - 470
Deer Spring 15 s0N 18w 9-29-58 M 18 7.8 .9 88 5.0 1.0 76 - 160
Escanaba River 32 LIN 23W 11-13-58 M 26 7.8 2.0 103 7 Tr, $8 - 220
Do, 7 39N 22W 11-28-58 | U 23 7.9 1.2 88 15 .2 90| 6.8 171
Ford River 22 38N 23W 11-28-58 u 4o 16 1.4 170 20 1,0 166 7.3 300
Little Bay de Noc Gladstone 1-27-33 M 35 12 2.0 1kl 15 5.0 132 - -
intake
Do, Escanaba 3~ 5-25 M 35 13 tr. 139 12 3.0 - - -
intake
Do. do. 11-23-54 | M 32 11 5.7 139 15 4.0 124 8.2 300
Moonshine Spring 32 LN 18W 8-15-58 M 58 22 3,0 25k 28 Tr, 235 - 500
Moss Lake b LON 19w 11-28-58 U | 246 17 2.6 103 554 5.0 685 7.1 |1,130
Rapid River 29 LIN 21W 11-28-58 u 28 10 1.3 118 13 1.0 111 6.7 213
Squaw Creek 12 39N 22W 11-28-58 u 26 9.k .8 90 23 1.k 104 6.8 183
Sturgeon River 6 LON 19w 11-28-58 | U 19 5.5 | 1.3 68 14 .3 70 | 6.8 134
Valentine Creek 28 Lon 18w 11-28-58 | U 15 6.0 1.2 55 12 5 62 6.5 115
Whitefish River 28 1N 21V 6-19-57 | M 35 12 1.2 159 10 0 140 - 280
Do. 28 LIN 21W 11-28-58 | U 28 9.7 .8 113 12 3.5 10 | 7.1 21k
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