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GROUND-WATER RESOURCES OF NORTHWESTERN INDIANA
Preliminary Report: Lake County

By J. 8. Rosenshein

ABSTRACT

Lake County, in northwestern Indiana, has an eree of about 517 square
miles. Consolidated rocks of Middle Silurian age and unconsolidated rocks
of Pleistocene age ere the chief sources of ground water for domestic &nd
stock, industrial, and public supplies. Water from these sources varies
greatly in chemical quality, and field-chemical enalyses show that locally
the concentration of iron and sulfate exceed the maximum concentration

recommended in the standards of the U. S. Public Health Service for drink-
ing water.

This preliminary report contains tebulated records of about 1,400 wells
and test holes giving information about well construetion, water level, con-
dition of ocecurrence, and cheracteristic of water-bearing material: selected
logs for about 525 wells and test holes glving driller's description of me-
terials penetrated and author's interpretation of their geologic ages: re-~
sults for about 175 field chemical analyses giving hardness of water and the
bicarbonate, carbonate, chloride, iron, and sulfate content; and water levels
in 11 observation wells indicating the magnitude of short-term and long-term
water-level fluctuations in the consolidated and unconsolidated rocks. These
basic data include much of the material to be used in an interpretive report
on the ground-water resources and geology of the area,

A base map of Lake County shows the location of each well or test hole
listed in this report. Additional maps show the availability of ground-
water in the county and generalized quality of water with respect to the
. hardness and iron end sulfate content of water in the rocks of Middle Silu-
rian and Pleistocene ages.



INTRODUCTION

Purpose and Scope

An investigation of the ground-water resources and geology of 10 counties
in northwestern Indiana has been in progress since June 1954, This investiga-
tion is being made by the U, S. Geological Survey in cooperation with the Di-
vision of Water Resources, Indiana Department of Conservation, as a part of a
broad program of these agencies to inventory and evaluate the ground-water re-
sources of Indiana.

This report is the first of a series of preliminary reports to be pub-

lished on the ground-water resources and geclogy of northwestern Indiana. The
purpose of this report is to make the basiec data collected during the investi-

gation available to the public, and to provide a preliminary evaluation of the
ground-water conditions and geclogy as an aid to development of ground-water
resources. A more detailed and comprehensive analysis is in progress and will
be published in an interpretive report on the ground-water resources and geol-
ogy of the area.

The investigation was made under the general direction of A. N. Sayre and
P. E. LaMoreaux, successive Chiefs of the Ground Water Branch of the Geological
Burvey, and under the immediate supervision of C. M, Roberts, District Geolo-
gist of the Ground Water Branch for Indiana.

Location and Areal Extent

Lake County is in the extreme northwestern part of Indiana (fig. 1). The
county is 2 somewhat elongated rectangle with irregularly shaped northern and
southern boundaries and includes about 517 square miles. It is bounded on the
north by Lake Michigan, on the south by Jasper and Newton Counties, on the
west by the State of Illinois, and on the east by Porter County.
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Well-Numbering System

A numbering system is used to locaete and identify the wells and test holes
in this report. The number that 1s assigned each well indicates its location
according to the official rectangular public-land survey. For example, in the
number for well 34/BW-36El the numbers rreceding the hyphen indicates that the
well is in T. 34 N,, R. B W. The first number after the hyphen indicates the
section in which the well is located. Each quarter-quarter section (40-acre
tract) within a section is assigned a letter symbol as shown on figure 2.
Within the quarter-quarter section the wells are numbered consecutively.

Therefore, well 36El is the first well listed in SWiNW} sec. 36, T. 34 N., R.
8 W. :

R.IOW. R. 8 W
. N, :
. R.9 W, 6 (5143121
3': .8 W, R.7 W. 71819101112
. E— T liglizhislis]ia]i3
T 34
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" ' 30(29({28|27 |26} 25
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N.
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FIGURE 2.--Sketch showing well-numbering system.
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DATA COLLECTION AND PRCCESSING

The well data were collected for drillers, water-works superintendents,
owners, and others. The well records obtained from the drillers were of two
types--written records and reports from memery. Tentative driller's loca-
tions were checked againsi the property records in the County Courthouse to
verify the location, to locate the property, and to obtain the name of the
current property owner. Discrepancies between driller's location and the lo-
cation of property shown in the plat books were corrected., The locations of
wells were checked further in the field if major discrepancies existed be-
tween the driller's lccation and the property record in the plat books, if
the location given by the driller could not be verified from county records,
or if the verified location was not sufficiently accurate to be used.

Plate 1 shows the location of water wells and test holes, and test holes
drilled for purpos=s other than water supply. Most of these locations are
shown to the nearest 10 acres. The basic data for these wells and test holes
are summarized in table 2, 1In addition, selected driller®*s logs of wells and

test holes and author's interpretations of the geolecgic age of the materials
encountered are given in table 3.

Samples of water were collected at the time well sites were visited.
These water samples were analyzed in the field office for hardness, alka-
linity (carbonate and bicarbonate), chloride, and sulfate content by
standard titration methods. The alkalinity is expressed as carbonate and
bicarbonate. The total iron content was determined at the well site imme-
diately after the water sample was collected. A visual method was used to '
determine the iron concentration in parts per million by matching the color '
of the treated sample to that of 2 liquid-color standard having a known
iron concentration. The results of the field chemical analyses (table 4)
were used to select sites for collecting larger water samples for more com-

prehensive and accurate chemical analyses by the laboratory of the U. §S.
Geological Survey.



Observation wells were established at the beginning of the investigation
in order to determine the factors affecting the changes in storage in the
ground-water reservoir. Table 5 contains the water-level data obtained from
these wells. Most of the wells were drilled originally for industrial or pub-
lic supplies but generally are not now used for these purposes. The observa-
tion wells were chosen so as to obtain water-level information from artesian
and wafter-table aquifers. Whenever possible, the wells were established at

sites where the factors affecting the water levels in the aquifer were due
chiefly to natural causes.

GEQLOGIC SQURCES OF GROUND WATER

The oldest Known consclidated rocks underlying Lake County are of Cambri-
an and Ordovician age. These rocks consist of dolomite, dolomitic limestone,
sandstone, and shale. Few wells have been drilled into these rocks for water
supplies in Lake. County because of the deep water levels, the small yields,
and the poor quality of water.

The rocks of Ordovician age are overlain by dolomite or dolomitic lime-
stone of Middle Silurian age, which is the chief bedrock source of ground
water. Water from this aquifer is utilized extensively in the western half
of the county for domestic, stock, and a few public supplies. Much of the
material of Middle Silurian age listed in table 2 as limestone or lime-
stone (?) is either dolomite or dolomitic limestone. The deposits of Middle
Silurian age are overlain in the central part of the county by a thin veneer
of dolomitic limestone of Middle Devonian age that thickens eastward and is
overlain by shale of Late Devonian age. The rocks of Devonian age are not
extensively used as a source of water in Lake County.

The bedrock is overlain by unconsclidated glacial drift of Pleistocene
age. The drift forms several prominent topographic features in the county
(Leverett and Taylor, 1915; Wayne, 1958), such as the Valparaiso moraine in
the central half, the beach-lines and lake bottoms of glacial Lake Chicago
in the northern part, and the glaciofluvial plain in the southern part. The
drift ranges in thickness frow less than 30 to more than 250 feet and con-
sists of glaciofluvial sand and some gravel, till, thin glaciclacustrine
clay, silt, and sand, Glaciofluvial sand and some gravel underlie much of
the county and are the chief source of ground water in the unconsclidated
rocks. Locally the glacial material is overlain by thin alluvium, eolian
sand, and organically rich sand, silt, and c¢lay of Recent age.

Ground water occurs in the consolidated and unconsolidated rocks of Lake
County under confined (artesian) conditions or under unconfined (water-table)
conditions. Under confined conditions the saturated water-bearing material
is overlain directly by relatively impervious material, and the water will
rise above the level at which it is encountered in the water-bearing material.
Under unconfined conditions the water-bearing material is overlain directly by
permeable unsaturated material and the water will not rise above the level at
which it is encountered.

Plate 2 shows the availability of ground water in the consolidated and
uneensolidated rocks underlying the county. In addition, plates 3 and I
show pertinent information on quality of water in the principal aquifers.
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Plate 3 shows the distribution of hardness and iron and sulfate content in
the water-bearing rocks of Middle Silurian agej plate 4 shows similar in-
formation for the water-bearing depeosits of Pleistocene age.

TYPES OF WELLS

Drilled, driven, and jetted wells are the principazl types of water wells
used in Lake County. Most water wells 3-inches or more in diameter are con-
structed by the cable-tool, or percussion, method, but a few wells have been
drilled by the rotary and reverse-rotary methods. When the water-bearing
material is sand and gravel, the well is generally finished with a well
screen Sset in the water-bearing material below the bottom of the well casing.
(See Rosenshein and Cosner, 1956, for a detailed description of a well
screen.) A modification of this type of well, the gravel-packed well, has a
gravel lining inserted between the well screen and the water-bearing ma-
terial. When the water-bearing material is consolidated rock, the well

casing is generally driven a short distance intoc the rock, a2nd the well is
finished as an open hole,

Water wells less than 3-inches in diameter are constructed in unconsoli-
dated material by driving or jetting. The driven well consists of a small-
diameter pipe having a drive point attached to the end, which is driven into
shallow water-bearing material. The jetted well is constructed by forcing
water under pressure out of a hollow-rod or small-diameter drill pipe that is
fitted with a jetting bit. As the material is washed out of the hole ahead
of the casing, the casing is driven down into the hole. After the water-
bearing material is penetrated the well is generally finished with a well-
point screen set in the water-bearing material below the bottom of the casing.
Table 1 relates the grain-size in inches and millimeters to the slot and the
gauze size of screens commonly used in water wells.

Table l1.--Grain size and equivalent screen openings

Grain size: After Wentworth (1922). Slot size: In thousandths (.001) of
Equivalent screen copenings: From an inch,
commercial catalogs for Gauze size: Number of wire strands
water-well supplies. per lineal inch.
Grain size Egquivalent screen opening
Material
Inches Millimeters Slot size Gauze size
Gravel--e-eae——a- >.08 >2 >80 | 00 e
Very coarse sand- | .04 - .08 1 -2 ho - 8o <20
Coarse sand------ .02 - .ok 50 -1 20 - ho ho - 20
Medium sand------ .01 - .02 25 - B0 10 - 20 60 - ko
Fine sand-------- 005 - .01 .125 - .25 6 - 10 90 - 60
Very fine sand--- | .002 - .005 062 - L1250 mweeeee | ammaaeo
5ilte————mmm— e .00015 -~ ,002 008 - L0062 | cmmeem | memem o
Clay--—————=—===-~ <.00015 < 147/ R e ———




0il or gas test holes in Lake County generally were drilled by the cable-
tool methed, Structure test holes for foundations and bridges generally are
drilled by the wash-boring method. In this method test hole samples usually
are collected by driving a sampling tube into the material after specific in-
tervals of boring.

SUMMARY

Preliminary evaluation of the basic data shows that adequate quantities
of ground water are available for domestic, stock, and locally for public
and some types of industrial supplies from the dolomite and dolomitic lime-
stone of Middle Silurian age and the sand and gravel of Pleistocene age.

The rocks of Cambrian and Ordovician age yield only small quantities of wa-
ter and are a minor source of ground water in the county.

The quality of water from the rocks of Middle Silurian and Pleistocene
age varies greatly. Locally water from these sources exceeds the U. 8. Pub-
lic Health Service drinking-water standards for iron and sulfate content.

RECORDS

The records of about 1,400 wells and test holes are given in table 2.
The table contains information about well construction, water levels,
yields and drawdowns, conditions of occurrence, thickness and characteris-
tics of water-bearing materials, type of pump, and other data. The alti-
tude of the land surface at all wells except test borings was interpclated
from topographic maps. Altitudes of borings were leveled by the Federal
or State agency for whom the borings were made.

Table 3 contains the selected legs of about 525 wells and test holes.
This table gives the driller's description of the materiel encountered,
pertinent remarks with regard to the material, and the driller‘s interpre-
tation of the geologic age of the material.

The results of about 191 partial chemical analyses of water are given in
table 4. Of this number 174 were determined in the field office of the Geo-
logical Survey, and 17 were determined by other governmental agencies or by
commercial laboratories. This table gives information about geologic source,
temperature, concentration in parts per million (ppm) of iron, carbonate, bi-
carbonate, sulfate, chloride, and hardness of water. The U. 5. Public Health
Service standards for drinking water are given in the table headnotes for
iren and manganese together, sulfate, and chloride. No standards have been
established for hardness of water. However, water with respect to hardness
is generally classified as follows: 0-60 ppm, soft; 61-120 ppm, moderately
hard; 121-200 ppm, hard; more than 200 ppm, very hard. Water having a hard-
ness of more than 200 ppm requires softening for many purposes,

Table 5 contains the records of water levels in 11 observation wells.
The water levels in all observation wells, except two, were obtained either
by recording gages installied on the well or by manual measurements made

-8 -



with an engineer's steel tape calibrated to a hundredth of a foot, Water lev-
els in two of the wells were obtained from air-line gage readings. All water
levels in table 5 are in feet below land-surface datum. Daily highest water
levels are given for the observation wells equipped with recording gages and
periodic water levels are given for the observation wells measured manually

or by air-line gage. Factors affecting the water levels in the observation

wells are also indicated. The location of the observation wells is shown on
plate 1.
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Table 3,--Selected logs of wells and test holes in Lake County, Indiana

Well 32/7W-6N1

Type of record: Drillert's log.

Altitude: 640 feet,

Thick- }
Material ness Depth Remarks
(feet) | (feet)
Quaternary system:
Recent and Pleistocene series:
Sand, red--—————mme . 18 18
Clay, gray-—--—— e 1 23
Sand, gray-——~————e— oo 22 55
Clay, blue-——— e 6 61
Shale—=—=—= - e e o L 65 | Hard clay?.
Sand and clay; with shale—-————— 3 68
Silurian system:
Middle Silurian series:
Limestone————=mmmme e e 11 79 | Dolomite or dolomitiec
limestone.
Well 32/BW-1Al
Type of record: Driller's log, Altitude: 640 feet.
Quaternary system:
Recent and Pleistocene series:
o T 53 53
Silurian system:
Middle Silurian series:
Limem—— o 577 630 | Dolomite or dolomitic
limestone.
Ordovician system:
Upper Ordovician series?:
Shale, green—-———=———memmmmm———— 15 6hg
Shele, gray-————eeem oo 5 650
Lime, white-meeoecmmmmm oo 70 720
Shale, gray——————— oo 32 752
Slate, blue, and shale; with
traces of Oil=-ee e 108 860
Middle Qrdovician series:
Limestone, hard-————c— o 55 a1k
) Well 32/8w-18J1
Type of record: Driller's log. Altitude: 635 feet,
Quaternary system:
Recent and Pleistocene series:
S0il, sandy, black-————memmm———— 3 k
Sand and gravel; with fossils--- 26 30
Clay, blue————m—m oo 26 56
Gravel with some rock and
limestone fragments———-———ee—— 17 73
Silurian system:
Middle Silurian series:
Limestone-———— o 488 561 | Dolomite or dolomitic
limestone.
Shale, gray~—————wee 119 680




Table 3.--Belected logs of wells and test holes in Lake County--Continued

Well 32/8W-18J1--Continued

Thick-
Material ness Depth Remarks
{feet) | (feet)
Ordovician system:
Upper Ordovician series?!
Limestone and shale-—————oe——_ 5 685
Sand-~———- e m———— L 27 712
Shale, dark-gray--———-eeommeeeea 1hh 856
Middle Ordovician series:
Limestong-——————~mcm e 279 1,135
Well 32/8W-~-28N1
Type of record: Driller's log. Altitude: 635 feet.
Quaternary system:
Recent and Pleistocene series:
Sand and yellow clay; mixed-—-—- 10 10
Sangde--— e e 20 30
Clay, blue-—-—-— oo 15 L5
Devonian system:
Upper Devonian series:
Shale--—— e e 9 54
Silurian system:
Middle Silurian series:
Limestone, hard, white-—-~———=-——< 1 55 | Dolomite or dolomitic
limestone.
Well 32/8W-28P3
Type of record: Driller's log. Altitude: 635 feet,
Quaternary system:
Recent and Pleistocene series:
Driftem— e e e 4o Lo
Devonian system:
Upper Devonian series:
Shaleemmemme e e o 6 55
Silurian system:
Middle Silurian series:
: ROCK= === e e e 16 71 | Dolomite or dolomitic
limestone.
Well 32/8wW-33D1 .
Type of record: Driller's log. Altitude: 635 feet,
Quaternary system:
Recent and Pleistocene series:
Sand--=~-—m e ko Lo
Clay and shale—-—————~———— oo 4 Ly
Silurian system:
Middle Silurian series:
Rock, white-=-=—mmmmc oo 2 46 | Dolomite or dolomitic

limestone.




Table 3.--8Selected logs of wells and test holes in Lake County--Continued

Well 32/8W-33E2

Type of record!

Driller's log. Altitude: 635 feet.
Thick-
Material ness Depth Remarks
. (feet) | (feet)
Quaternary system:
Recent and Pleistocene series:
Top s0il, sandy, black—-=——=e—e—e=a 10 10
Band--—-—- e 20 30
Clay, blue-——mee e 20 50
Devonian system:
Upper Devonian series:
Shalém=mmmmm e e e 16 66
Middle Devonian series?:
Rock, bBrown————oaeom e 2 68 | Dolomitic limestone?.
Silurian system!
Middle Silurian series:
Limestone, hard, white--—e———aa—o-- 6 74 | Dolomite or dolomitic
limestomne.
Limestone, white-mw—mmwcmmooooo 2 76 | Do.
Well 32/8W-33F2
Type of record: Driller's log. Altitude: 635 feet.
Quaternary system:
Recent and Pleistocene series:
Sand-=-=-—— e 30 30
Clay, blue, and shale-———a—e———o 10 Lo
Silurian system:
Middle Silurian series:
Rock, white-—=cmmmammom oo 23 63 | Dolomite or dolomitic
limestone.
Well 32/BW-33F)
Type of record: Driller's log. Altitude: 635 feet.
Quaternary system:
Recent and Pleistocene series:
Drift—-—em e e 30 30
Devonilan system:
Upper Devonian seriest
Shale-—=——mm e e 8 38
Silurian system:
Middle Silurian series:
ROCK— = e e 6 4h | Dolomite or dolomitic
limestone.
Well 32/9W-5A1
Type of record: Driller's log. _Altitude: 680 feet.
Quaternary system:
Recent and Pleistocene series:
Clay and sand--————cmc e 25 25



Table 3.--8Selected logs of wells and test holes in Lake County--Continued

Well 32/9W-5Al--Continued

Thick-
Material ness Depth Remarks
(feet) | (feet)
Silurian system:
Middle Silurian series:
Shale and lime=mmeemmcm-- e 107 132 ) Dolomite or dolomitic
limestone.
Lilemm—m e e e 248 380 | Do.
Lime, sandy—-——-—~——m-mmmcmmm——— 90 470 | Do,
Lime-==——m—m e - 100 570 | Do,
Ordovician system:
Upper Ordovician series:
Lime with shale breaks————-———-- 75 65
Shale and lime@ee—=mecemmc oo 75 720
Shale, sandy, and lime-——e———e—_ 100 820
Shale-—=——— e 55 875
Middle Ordovician series:
Lime-—m e e e 340 1,215
Sand and lime--=-——mm e 15 1,230
Limgmmm = m e e 16| 1,246
Sand---=—mm e e e 109 1,355
Ordovician and Cambrian system:
Lower Ordovician and Upper Cambrian
series; undifferentiated:
Lime—————— e 851 1,4ko
Lime and sand-—e———cmemmmmem————— 30 1,470
Limgm e e e 50 1,520
Lime, sandy--—=--—e—ecmmmecc—a—aa 30 1,550
Lime and sand-=--=--oeo— oo hoi 1,590
LAmEmm e e e e e e ho| 1,630
627723 . 3| 1,673
Limg-m e e 107 1,780
Send and lime~==—=--—-c e 55 1,835
Lime and sand=--—-———-e oo 251 1,860
Limem e e e e 65| 1,925
Lime and sande——-—-—emmmmeme e 200 2,125
Lime, sand, and shale-———-——---- 4| 2,170
Sand and shale-==-e—memmcmm——e o 20 2,190
Shale and sand---—--——-—————_- bo| 2,230
Shale and lime-mmmmmee e 70 2,300
Lime and shalee—e—-mmcmmmme e aam 70 2,370
Shale and lime-—=—===ooc——a—aoa_o 681 2,438
Well 32/9W-21L1
Type of record: Drillerts log, Altitude: 631 feet,
Quaternary system:
Recent and Pleistocene series:
Top S50ill-=-—mmmsrem e mm e 2 2
Clay, gray-=————meemeeceae e cm—— 1 3
Sand, COATSE———————mc—me—c—— - 17 20




Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 32/9W-21L2
Type of record: Driller's log. Altitude: 632 feet.

Thick-
Material ness Depth Remarks
{feet) | (feet)

Quaternary system:
Recent and Pleistocene series:

TOop SO0Llle-mm— e e 3 3
Clay, blacke=mmmemme e meemeea o 1 L
Sand, COArSE~—————-——mm—em———— e 15 19

Well 32/9w-28C2
Type of record: Driller's log. Altitude: 628 feet.
Quaternary system:
Recent and Pleistocene series:

Sand and bleck clay--=-————aawa- 2 2
Sand and small gravel--—ma——w——o 1 3
Sand, coaArse-———e————muemoeoo 11 14

Well 32/9W-30B1
Type of record: Driller's log. Altitude: 635 feet.
Quaternary system:
Recent and Pleistocene series:
Driftee e 33 33
Silurian system:
Middle Silurian series:

Lime, dark-gray--—e-cememeeee—a= 23 56
Lime, firm, light-gray----ee-—-- 4 60
Lime, coarse, light-gray--—-----« 100 160
Lime, light-gray--e-ea-eccua—_o 305 Lés
Lime, blue-gray-——-=——c—————e—e—e- 50 515
Lime, gray to brown--—-—-——————-—-o 60 575

Ordovician system:
Upper Ordovician series?:

Shale and lime; mixed, gray---—-- 35 610
Shale, muddy, gray----———om———a= 30 6ho
Shale, gray, and some lime-—--—-—- 36 676
Lime, light-gray-———e——me=ma-—== ] 680
Shale, dark-gray--————————emeeeeo. 30 710
Shale, hard, gray-~——--——-e—meeaa_= 10 720
Shale, brown~=———meeee e mee———— 20 740
Shale, fine, light-gray---—--—-- 20 760
Shale, coarse, light-gray--———-- 80 8ho
Shale and lime, brown-----—-————-- 5 8hs
Middle Ordovician series:
Lime, brown--—--eeememoeomooe o 35 880
Lime, grayish-browh--——-cea—mmceea 10 890
Lime, grayish-brown, some iron—- 20 910
Lime, fine, light-gray-——-—-=——-- 15 925
Lime, coarse, brown---———ee—eea——- 15 4o
Lime, fine, browne——e—ameemm-a-= Lo 980



Table 3.~-8elected lecgs of wells and test holes in Lake County--Continued

Well 32/9W-30Bl--Continued

Thick-
Material ness Depth Remarks
(feet) | (feet)
Ordovician system:
Middle Ordovician series:
Sand, fine, grey-————--—-——————-_ 20 1,000
Sand, fine, hard, gray---—-c--—e-- 70 1,070
Lime, coarse, gray--————————-—-- 10 1,080
Lime, fine, gray--—-——-c——eece—eeoa 60 | 1,1ko0
Lime, fine, hard, light-gray—--- 10 1,150
Lime, coarse, gray--—-—-——meemeea. - 20 1,180
Sandstone-————moo oo 61 1,186
Sandstone, white-—ce—cmmmcme e 7 1,193
Sandstone, light-brown--———e-——-- 57 1,250
Sandstone, dark-brown--————————- 20 1,270
Bandstone, light-brown--—-—-=—=--- 30 1,300
Sandstone, soft, flaky, brown--- 15 1,315
Well 3Z/9W-33L1
Type of record: Sample study by unknown person, Altitude: 630 feet.
Quaternary system:
Recent and Pleistocene series:
Drifte— e e 63 63
Silurian system:
Middle Silurian series:
Dolomite, granularly crystalline,
light-gray; much medium and
dark-gray dense chert-————e—--- 7 70
Delomite, same as ahove, and
white finely divided silica
with trace of frosted sand
and chert--———c-c—mmmeee e a e 25 95
Delemite, same as above, with
trace of crystalline gquartz
and finely divided silica----- 9 1ok
Dolomite, finely crystalline,
light-gray, almost white-——--= 31 135
Dolomite, silty, dove cclored;
with trace of gray shele and
milky quartz from 135 to
150 feetmmmemmcm e 4o 175
Dolomite, silty, same as above,
and white finely crystalline
dolomite-mmemmmmmmma e 10 185
Dolomite, finely crystalline,
white==cmmmcmmmcmmc e 10 195
Dolomite and silty dolomite;
same as AboVeEr—memmcmammase——= 20 215
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Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 32/9W-33L1--Continued

Thick-
Material ness Depth Remarks
(feet) | (feet)

Silurian system!
Middle Silurian series:

Dolomite, granularly crystalline,
light-gray, and little silty
dolomite, same as abovej much
dense gray porcelain chert----— 60 275

Dolomite, granularly crystalline,
silty, gray; with little gray
translucent chert from 285
to 310 feelemmmmmmmmme 35 310

Dolomite, crystalline, light-
gray and dove-colored, and
5ilty dolomite; little trans-

lucent chert——eeem—cmemo 15 325
Dolomite, crystalline, light-
. gray; chert, same as above-—-—— 12 337

Dolomite, light gray to almost
vhite, trace of silty dolo-

mite and light-gray chert——--- 473 380
Dolomite, granularly crystalline,

light-gray——==emmmmmo— 60 hho
Dolomite, porous, white, with

trace of calcite~———eammmmoao 15 55
Dolomite, granularly crystalline,

porous, light-gray—--—————e—ea-o 70 h25
Dolomite, granularly crystalline,

white———c e 52 577
Dolomite, granularly crystalline,

light-gray—-——-—-—=——cmeaemaaaa 13 590

Dolomite, same as above, and
silty dolomite; dolomite
5lightly greenish with trace
of green shale--—————eeommooo 19 609

8ilt, dark gray-green, cemented
with dolomite; trace of
frosted sandstone from 615

-3 S 34 643
8ilt, same as above, and
greenish-gray shale--—c——eee—oo 32 675

Ordovician system:
Upper Ordovician series:

Dolomite, crystalline, gray---—--— 25 700
Dolomite, silty, gray and dolo-
mite, same as above--———c———cm—ea 28 728
Dolomite, highly crystalline,
medium-gray-~——-~—~=———e—mem——m—m 11 739

Dolomite, same as ahove, with
little gray shale, silty dolo-
mite, and trace of calecite---- 6 745

- b7 -



Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 32/9W-33L1--Continued

Thick=
Material ness | Depth Remarks
(feet) | (feet)

Ordoviclan system:
Upper Ordovician serilest
Dolomite, crystalline, white,
with little gray shale,
white and gray dolomitic

8ilt, and dense chert-m—cemm== 8 753
Dolomite, crystalline, dark-

gray with trace of gray shale- 12 765
Shale, graye=———mmcem—memoe————- 20 785
Shele, in part celcareous, and

gray dolomitic silte-recmmmmea ko 825

Shale, calcareous, gray, little
gray dolomlte and calclte
from 835 feotem——camaccnccmcan 28 853

Middle Ordovician seriest

Dolomite, highly crystalline,
tan, with pyrite~-—e—cmcema—na 179 1,032

Dolomite, granularly crystalline,
gray, with porcelein chert to
1,070 feet, light-gray trans-
Jucent chert 1,070 to 1,115
feet, and trace of calcite
1,115 to 1,122 feet and 1,218
to 1,222 feetmmmmmcrancra—rom= 190 1,222

Dolomite, same as above, and
white and yellow, rounded,
frosted, medium=-greined sand--~ 1 | 1,236

Sand, same as above, chiefly
fine~-grained from 1,283% to
1,314 feet, 1little coarse-
grained 1,314 to 1,324 feet--- 88 | 1,324

Lower Ordovician series)

Sandstone, same as above, and
white crystalline dolomite;
lots of white slightly trans-
lucent and porcelain chert,
someg colltic, and trace of
light-green shale 1,334 to
L Y e LT P —— 23 | 1,347

Dolomite, highly crystelline,
white, sand and trace of
green shale} lots of white
porcelein chert in part very
white to 1,385 feet much white
translucent chert 1,377 to

1,450 feet——memmm—mnn= m—m——— 103 | 1,450
Dolomite, same as ahove, with
white porcelain chertesec—msmea- 60 | 1,510




Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 32/9W-33L1--Continued

Material

Thick-
ness
{(feet)

Depth
{feet)

Remarks

Ordovician system:
Lower Ordovician series:

Dolomite, crystalline, light-
gray to almost white, with
porcelain chert, in part
translucent from 1,515 to
1,523 feetmmmmmmmme e

Dolomite, whitej with dense
vhite chert, trace of frosted
sand, and trace of calcite
from 1,536 to 1,550 feet and
1,630 to 1,640 feet-———mmomeu—-

13

142

1,523

1,665

Well 32/9W-33R2

Type of record: Drillert's log.

Altitude: 632 feet.

Quaternary system:
Recent and Pleistocene series:
Clay, sandy, blackec=——em—meo———-
Sand, ¥elloWe=—— e e
Sand, yellow, and clay-————————
Sand, coarse, yelloWw-=—e—————e——-

W=

1

Well 32/10
Type of record: Driller's log.

W-1N1

Altitude: 670 feet.

Quaternary system:
Recent and Pleistocene series:

Silurian system:
Middle Silurian series:
Limestongecmcmcm e e

12

62

26

12
15
77

103

Dolomite or dolomitic
limestone.

Well 32/10
Type of record: Driller‘*s leg.

W-13C1

Altitude: 670 feet.

Quaternary system:
Recent and Pleistocene series:

Devonian system:
Upper Devonian series:

Silurian system:
Middle Silurian series:

80

80

82

88

Dolomite or dolomitic
limestone.




Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 33/7W-7N1
Type of record: Driller's log from memory.

Altitude: 690 feet,

Thick-
Material ness Depth Remarks
{feet) | (feet)
Quaternary system:
Recent and Pleistocene series:
Top 50il-—mmmmmm e 12 12
Sand, yellowe——emmmmm oo 10 22
Clay, blue, and sand-—————e—eeac. 28 50
Sand, medium, whit@ww=mmemmm—a—__ 15 65
Sand, whitem——emuw ol 32 97
Well 33/8wW-7B1
Type of record: Driller's log, Altitude: 730 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, yellow-———emmmmme o m e o 22 22
Clay, blue, and gravel; mixed--- 36 58
Gravel and sand-—e——e e 8 66
Sand-=——— e m e m e 6 72
Well 33/9W-1N1
Type of record: Driller®s log, Altitude: 700 feet.
Quaternary system:
Recent 2nd Pleistocene series:
Clay, yellow=mm—wmmme e 18 18
Clay, bluem——meemmeee e 12 30
Gravel and sand-————— oo 8 38
Sande-—=———m = m e 9 4y
Well 33/9W-7G1
Type of record: Driller®s loga Altitude: 710 feet,
Quaternary system:
Recent and Pleistocene series:
Clay, yellow=mmme e 30 30
Sand, fine-————emmmmmm . 60 90
Clay, bluem——me—mmommee e e 45 135
Silurian system:
Middle Silurian series:
Limestong==e e e 15 150 | Dolomite or dolomitic
limestone,
Well 33/9W-7K1
Type of record: Driller®s log, Altitude: 710 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, yellow-——m—wmcmmmmmmem e 60 6o
Sand, fine=— == 35 a5



Table 3.--Selected loags of wells and test holes in Lake County--Continued

Well 33/9W-7K1--Continued
Thick-
Material ness Depth Remarks
(feet) | (feet)

Quaternary system:
Recent and Pleistocene series:

Clay, blue-—=—mmecmeemme e 39 134
ROCK~==mm oo e 1 135 | Boulder.
Sand, fine---———cmmmmmmm—e 3 138

Silurian system:
Middle Silurian series:
Shale and limestone-—=—em-—mm—aa 23 161 | Dolomite or dolomitic
limestone.

Well 33/9W-8M1
Type of record: Driller's log. Altitude: 720 feet,
Quaternary system:
Recent and Pleistocene series:

Clay, redeacmececem e 17 17
Sand-—=-m e e h 2l
Clay—————m—mmm e 34 55
Sand-==—mm e ké 101
Clay, blue===——me e i 148

B8ilurian system:
Middle Silurian series:
Limestone-—=—c e e e 15 1632 | Dolomite or dolomitic
limestone.

Well 33/9W-8M2
Type of record: Driller's log. Altitude: 715 feet.
Quaternary system?

Recent and Pleistocene series:

Clay, red-———===memmewe e mme e 4o ho
Sand, fine, light-colored---—-——-- 53 93
Clay, blue-——memmmme e mmmmmemm 55 1k8g

Silurian system:
Middle Silurian series:
Limestone, white-———emmmammaeeo 17 165 | Dolomite or dolomitic
limestone.

Well 33/9W-12D1
Type of record: Driller's log. Altitude: 690 feet.

Quaternary system:
Recent and Pleistocene series:
Clay, yellow-~——m—mmeemmm e 18 18
Clay, blug——~—mmcmm e ————— 8 26
Sand and gravele e m e : 1z 38
Sanfe=mem— e e e em 8 hé

- 51 -



Table 3.--8elected 1logs of wells and test holes in Lake County--Continued

Well 33/9W-12Gl
Type of record:

Driller's log. Altitude: 700 feet.
Thick-
Material ness Depth Remarks
(feet) | (feet)
Quaternary system:
Recent and Pleistocene series:
Clay, yellow—————cemmmmm e mmn 18 18
Sand and gravel-—e———mmmmmmao . 14 32
Clay, blue———— e om0 13 b5
Sand and gravel-—~——————m——m—ee oo 12 57
LY Vs T O — L 61
Well 33/9W-12H2
Type of record: Driller's log. Altitude: 710 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, yellow-—mmmocme e 21 21
Clay, blue, and gravel-—ee————-- 15 36
SaNd-——m e oo 10 k6
Well 33/9W-12H3
Type of record: Driller’®s log. Altitude: 700 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, vellow——mcmmmm e 21 21
Clay, blugmemecmmmmcme e e 27 kg
8ANde——m e e e e 7 55
Well 33/9W-16El
Type of record: Driller's log. Altitudes 745 feet.
Quaternary system:
Recent and Pleistocene series:
o - A 65 65
Sand-—=mrmm— e mme——————————— 6 71
Clay~+mmm——m—mm e — e ————————— 25 98
o= b s B L T ———— 25 121
Claymemmma e et e b7 168
Silurian system:
Middle Silurian series:
RoCKe—m—m—mcmm e e 535 703 | Dolomite or dolomitic
limestone.
Well 33/9W-24B1
Type of record: Driller's log. Altitude: 720 feet,
Quaternery system:
Recent and Pleistocene series:
Clay, yellow=-mommmmm e 10 10
Sandy, yellow-—————m—m—mmmemmm oo 18 28



Table 3.--8Belected logs of wells and test holes in Lake County--Continued

Well 33/9W-24Bl--Continued

Thick-
Material ness Depth Remarks
{feet) | {feet)
Quaternary system:
Recent and Pleistocene series:
Clay, blue-—meemmmmmmm e 13 b1
Clay, blue, sand, and gravel----— 29 70
Sand-——=——e— 12 82
Well 33/9W-25F1
Type of record: Driller's log. Altitude: 700 feet.
Quaternary system:
Recent and Pleistocene series:
Dirt, blacK-==mmmme e 2 2
Clay, yellow=—-————moemmmmmmmoen 16 18
Clay, blue, and gravel; mixed--- 22 40
Gravel, cOArse —————m——m— e 2 42
PeF=N e Us E e T Ry —— ] 50
Well 33/9W-264A1
Type of record: Driller's log. Altitude: 680 feet.
Quaternary system:
Recent and Pleistocene series:
Drift—e e 73 73
Silurian system:
Middle Silurian series:
Limestone, gray-—=—-——cemeoom—e—eo 525 598 | Dolomite or dolemitic
. limestone,
Ordovician system:
Upper Ordovician series:
Shale, red--————me——mmmm 9 607
Slate, green-gray———————cm—e———m 33 6ho
Limestone, shelly-——————eommamaea 65 705 | Fossiliferous.
Limestong=e~—mmm e e e e e 30 735 | Saline water re-
perted from 715
to 735 feet.
Limestone, dark-gray~-——--—-—-e—--o 60 795
Shalemmmm e e e e 55 850
Middle Ordovician series:
Limestone, dark-gray----——————--—- 20 870
Limestone, hard, white-——meeeea- 20 800
Limestone, gray-—————ce—eameeeaaa 135 1,025
Well 33/9W-29G1
Type of record: Driller's log. Altitude: 720 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, velloWa=mmmmmem e o 18 18
Clay, gray, and gravel; mixed--- 50 68

- 53 -



Table 3.--Selected logs of wells and test holes in Lake County--Continued

Well 33/9W-29G1l--Continued

Thick-
Material ness Depth Remarks
(feet) | (feet)
Quaternary system: |
Recent and Pleistocene series: E
Sand, fine, gray--——ee——memeem. 22 | zo
Clay., blue-==memmmem o ; 58 148
Gravel and sand-..—m=ea—o——e— 1 lk9
Silurian system:
Middle Silurian series:
Limestone, white—m—ecmmucwmanaa ' 1 150 | Dolomite or dolomitic
! limestone.
Well 33/9W-30E1
Type of record: Driller®s log. Altitude: 690 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, yellowe———mcmmmmmm e 21 21
Sand, fine-—m— e 61 82
Clay, blue-———— e mma e cmme 52 134
S8ilurian system:
Middle Silurian series:
Limestone-—=—=-mmmom e 16 150 | Dolomite or dolomitic
limestone.
Well 33/10W-25M1
Type of record: Driller's log, Altitude: 680 feet.
Quaternary system: ‘
Recenl and Pleistocene series: |
Sand---—c-m et mmn e ——— ., 60 | 60
C1aYmmm o mm e m m e e - 6| 66
Sand-—- == e e —————— b 8o
Clay, blue--=—wm—socmommnme— e 43 i 123
Silurian system: |
Middle Silurian series: i
LimesStonemmar oo m i ——————— 2! 125 | Dolomite or dolomitic
i limestone.
Well 34/7W-6R1
Type of record: Driller's log. Altitude: 700 feet.
Quaternary system:
Recent and Pleistocene series:
Clay, yellow-w memmom e 21 21
Clay, blue—==—— e 9 30
Sangu=mmmc o e e 15 L5
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Table 3,--Selected logs of wells and test holes in Lake County--Continued

Well 34/7W-8N1
Type of record: Driller's log. Altitude: 730 feet.
Thick-
Material ness Depth Remarks
(feet) | (feet)

Quaternary system:
Recent and Pleistocene series:

Clay, red-————cmeee e 7 L4z
Sand, fine, gray-———————e—em—e—-ee o 21 63
Clay, gray---—==smwe——meme—-—a- 27 90
Sand, fine, gray---—-——-————e--- 30 120
Clay, blue—--—mee e ks 165

Devonian system:
Upper Devonian series:

Shale———— e 4 169
Silurian system:

Middle Silurian series:

Limestone=ece e 12 182 | Dolomite or dolomitic
limestone.

Well 3h/7w-z0D1
Type of record: Driller's log. Altitude: 750 feet.
Quaternary system:
Recent and Pleistocene series:

Clay, yelloWw=————eemmme o mmma = 21 21
Clay, blue=me—em e 52 713
Sand--—— e 16 89

Well 34/79W-20D2
Type of record: Driller‘s log. Altitude: 760 feet.

Quaternary system:
Recent and Pleistocene series:
Top 503]l=- == 5 5
Clay, vellowe—m—mmommmm e e 32 37
Clay, blug=—mm—mmme e oo 33 70
Clay and shale-~——ecmemmm e 5 75
Clay, shale, and sand-———————-—— 2 27
Clay-mmmm e e e 6 83
Shale——= e L 87
LS T2 5 U5 S 3 90
Gravel —————— e e e 6 96

Well 34/7wW-28E1
Type of record: Driller's log. Altitude: 740 feet.

Quaternary system:
Recent and Pleistocene series:
Claymmm e e o 30 30
Sand-——-——-—— e 5 35
Sand, gravel, and cley——w———m——- 12 Ly
Clay, blue=mmm— e 23 70




Table 3.--3elected leogs of wells and test holes in Lake County--Continued

Welli 34/7W-28El--Continued
Thick~-
Material ness Depth Remarks
(feet) | (feet)

Quaternary system:
Recent and Pleistocene series:

Sand and soap stone (shale)==—-- 10 80
Sand and gravel--—mwe—oeemm—eao. 5 85
Sangd= e e —— e mm 15 100

Well 34/7W-29J1
Type of record: Driller®s log. Altitude: 715 feet,

Quaternary system:
Recent and Pleistocene series:
Clay——- e e 35 as
Gravel-meme—me e m e —————— 10 45
Sand and gravele=—eee—o e 10 55
SaANdm m e m e a—m 5 60
San@e-e e o 21 81

Well 34/8w-INz
Type of record: Driller‘s log. Altitude: 710 feet.

Quaternary system:
Recent and Pleistocene series:
Top 80ilwommm e 1 1
Clay, sandy, browne—-——eemmm-m.. 12 13
Clay,; sandy, gray=-——=e—m—eeeeaan 12 25
Sand, mediume e - 15 40
Sand, fine--me—m-—memmmmae .. 14 54
Sand, medium-=-e—m-— e T 100
Clay—mm—mmm e 4 104

Well 34/8w-5A1
Type of record: Driller®s log. Altitude: 690 feet.

Quaternary system:?
Recent and Pleistocene series:
Top SOllewra-mwmcmmmm—— e anime 1 1
Clay, sandy; brown----e—-eeae—aa 7 8
Clay, sandy, gray-cewc-mma—acmoe—.o. 23 31
Sand, fine, muddy—---=waa. o m s 21 52
Sand, brown-.--- i 1 e e 27 79
Clay, gray~—--w-—ecccomemmemwe—— 4 83

Well 34/8W-5F1
Type of record: Driller®s loq. _ Altitude: 700 feet.:
Quaternary system:
Recent end Pleistocene series:
Top 501l- e e e 5 5
Clay, bluew e oo 25 30




Table 3.--5elected logs of wells and test holes in Lake County--Continued

Well 34/8W-5F1--Continued

Thick-
Material ness Depth Remarks
{feet) | {feet)
Quaternary system:
Recent and Pleistocene series:
Sand, coarse--———m—cmmmeee o 5 35
Sand and shale—~m——comom oo 5 4o
Sand, fine--——— o ———— 5 L5
s e e —— 9 54
Well 34/8W-5G1
Type of record: Driller's log. Altitudes 700 feet.
Quaternary system:
Recent and Pleistocene series:
Top SOil-me e 1 1
Clay, sandy, browh---—————a——ea- 13 14
Clay, gray=—-=-—-———————-———eeer 15 29
Sand, fine, muddy-—-——mcmmmmmeeeo 11 4o
Sand, fine——————mmmmmmmmeee L 4
Sand, medim-~———cmcm———— - ———— 29 73
Clay, gray-————————m=——m=o=——a-a 3 76
Well 34/8W-5J1
Type of record: Driller’s log,. Altitude: 705 feet,
Quaternery system:
Recent and Pleistocene series:
Top S0il-mmmee e 1 1
Clay—— e 22 23
Clay, gravelly~—————mommmomeee e 4 27
Clay, very softe————mmmmcmmo 7 34
Gravel, black, with sand and
L - S L 38
B8and, fine to medium--——-——e—eee-o iz 50
Sand-—-~=—— e ——— 23 73
Clay=m—m e e e 3 76
Sand--——— e oo 10 86
Clay—~—— e 1k 100
Well 3h/8W-5K1
Type of record: Driller's log. Altitude! 710 feet.
Quaternary system:
Recent and Pleistocene series:
Soill--mm e o 2 2
Clay, hard-—-———memmem e 30 32z
Clay, sandy-——-—ememmemmemmee 20 52
Sand, muddy-====coccmmmeaeo o 8 60
Sand, medium-—————em—mmm e 45 105 | Clay at 105 feet.
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