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A study -of the geology and ground—water conditions in the area including
Cloquet, Minn,, wes begun by the United States Gsological Survéey in 1948 in.
financial cooperation with the Minnesota State Department of Conservation, at
the request of the city of Cloquet for assistance in locating large additional
ground-water supplies for industrial and municipal use, The location of- the
area is shown on figure 1., Although the present municipal wells provide a.
fairly adequate supply for current mnicipal needs, which averaged about three-
quarters of a million gallons a day in 1946, thereiis great need for large ,
supplies of good water, on the order of 10 million gallons a day, for use by~
the paper mills and other industries there, At present the industries are
using water from the St, Louis River, but the water is unsatisfactory and
expensive -to use because it contains a large amount of objectionable organic

’ material.

The ground-water study was concentrated in Knife Falls Township (T 49 Ney
R 17W,) because of the meed for working out the complex relations between the
geology and the occurrence of important aquifers and because of the 1im1tations
imposed by the available funds., During the study, records were obtained:for
more than 300 existing wells in the area, 30 test holes were drilled by contract,
and-42 electrical-resistivity probes were made, In order to make available
"the summary. of .ground-water conditions in the Cloquet area, this preliminary
report is being released prior to the full report, -4 -summary of thé- general
geologic and hydrologic features are given in a series of figures, Thus,j
the areal geology.is shown on figure 2; geologic séctions and their locations
are shown on figures 3 and 4; locations of wells and test holes, depths of”
wells, and.depth to water in wells are shown on figure 4, and generalized
contours on the uater ‘table are shown on figure 5.. - ;

The surface dsposits in the area consist principally of glacial drift
deposited by the Superior lobe of the late Wisconsin glacier._ The materials
are reddish brown in color, owing to the presence-of iron minerals, The
glacial drift. consists of t111 and associated glaciofluvial deposits. The
ti1l itself. is a heterogeneous mixture of clay, silt, sand, gravel, and
boulders which generally does not yield much" water; however, in places ﬁhe
the clay and silt content is low enough, the till may be a weak aquifer and
may yleld small to moderate amounts of- water to wells.»

By far the most extengive surface materials in the area, houever, ave -
glaciofluvial materials which form gently rolling cutwash plains, or more’
ritted outwash areas, and areas where lce-contact. features such as eskers and
kames are prominent, The material of which all taese various land forms ere
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built is & mixture of water-sorted sand and gravel but it may ‘include some
silt and clay, Because of their large areal extent and because the sorted
materials commonly are exposed at the surface where they may receive water
directly from precipitetion, these materisls form the most important aquifer
in the area, In many places, however, the glaciofluvial materials are so thin
that it might be impossible or impractical to develop large water supplies
from them, In other places the sorted materials may be unsaturated or may
contain only a thin saturated zome, ; )

These surface materials were penetrated in almost all the test holea L
drilled in the areas, In these test holes the materlal ranged in thickness: fram
. 5 to 70 feet, . . ‘

From the standpoint of developing addltional water supplies from valls,
the following areas appear to offer the best possibilitiess

_ (1) In the Nwimlswi- sece 20, To 49 N,, Re 17 W, USGS teat 49-7
penetrated 60 feet of sand ranging ’from fine to coarse. @he NE&NW%SH%
of the seme section, USGS test 496 penetrated 70 feet of sorted material:
ranging in size from fine sand to gravel, About 20 feet of this materiel,
between depths of 40 to 60 feet, contained considerable olay, which: might

_ cause this to be a.poor well location. Additional test drilling in the” '
vicinities of these two holes might locate a more favorable spot for. tho
construction of a well,

.Chemical analyses of water from existing wells in section 20 indicate
%;it o be low in hardness and iron and entirely satisfactory chemically for:
‘most purposes. ‘The_water table in the section is-shallow, being only about
10 feet or less below the land surface, so that most of the sorted materials
found in the.test holes is saturated, Because considerable fine sand was
‘encountered in.the test.holes, it is believed that wells of large yield
could not be developed but it is possible that properly constructed drilled
wells ylelding 100 to 200 gellons a mimte might be obtained., Logically,
& field of two or three properly spaced wells could be developed in this
area to nive a larger total yield. .

- (2) In the NE&NE&SH% secs 23, Te 49 Noy Re 17 W,, 46 feet of sorted
material ranging in. gize from fine sand to gravel was penetrated in the -
Cloquet city supply well 4, The water table at the well is-about 14 feet
below the land surface, so that more than 30 feet of the material is’
saturated with water. The well is reported to have yielded about 150 -
gellons a mimite but, beoause the well screen tends to become elogged: by
incrustation and- because the water is hard, the well was abandoned, It is
possible that a well could be constructed and operated so as to be free
from incrustation, but, of course, the water probably would not differ
greatly in chamical quality from that in the present well.

“(3) In the NE&SW%NEt sec, 28, T. 49 N,, R. 17 W., from teat holes
penetrated 45 to 61 feet of sorted material ranging in size from coarse
sand to gravel, The thickness of saturated materials probably is as much
as 50 feet, Cloquet city supply wells 1 and 3 are a short distance south
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- oft the tost holes in the SELSWLNEé secs 28. Well 1 is reported to have .
g 94 andme’l 3 was ’cestw

: hét is, S8 “,mf{:fa .::-the,__,aquv 3 wéuld
-gallons. a:.day ‘for. ach foot‘ pe mn.le "?of' lope o

(5) USGS test 49wk,
5‘&“&5% secs ;3!

his materlal 1is sat.urated. A wel'*h 'constructed at th:.a ‘ocation
probably would be near enough to Otter Creek to indu i
R & o _~creek under pumping conditlons.
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nor'bhernmost hole, 'showed sorted materi ::to at’de‘pth- of: Sonly 18:feety:
and much:of it was.very:fine grained, ..On’ fthe other hand;USGS: test
49-1/ penetrated: 29ifeet of: very-coarse sand.and: gravel ‘between:
and 34 feet, most of ‘which 4s :saturateds oo fogu csin ol

a3

(6) At the Spring Leke pumpin" ‘station in the SW&-NI&M&Asec.”Zé A

T. 49 N., Ri 17 W, , there ‘are itwo open=bottomed concrete=walled umierground
reservoirs having a-combined:volume :capacity. of : :800,/000. fgallons o5f When e
the water level “in:these: reservoirs is «lowered by plmping,'% ground water g
enters through the:bottom;:soi that -in :effect they are &large-ﬂdiameter wellas &
From records 6f pumpagé:into &nd ‘out of ~the reservoirsy ~engirieers estimate _
that epproximately-200;000 gallons.:a ddy.cof ~the.weter usedby.ithe tedty s o
in 1945 and 1946 ‘came ’fromvthlsusource. A:Owing it0 sthe ilow ?sxuc*bzl.onﬁ.Lif‘l:1
on which the ‘booster ‘pumps operate; and’for tother<reason} At 1ot
feasible to lower the weter in the reservoirs below a certain“lewelg>l ' '°
However, if other fecilities for storage were availeble so that the
vater level in. the reservoirs. could:be Jowered further /i aﬁ’iaddltional
increment of water -could:be:obteained: fromrithis I?source“’j Jithe' ‘e.til»c:uxrtw:)f?j
additional water ;that could beiobteined:inthisiwey 18 not diowm bt 710 it
probably would be as much as-200; 000 01300, 000! gl long e gy reeTIn R

.Over most .of ~the: ares; 'vthe tshallow. glaciofluvial deposits‘~rest upon B
the red-:till,: which. at. *‘best. is a *veryuweak aquifer. However', ‘ot SRS
glaciofluvial .deposits: may:be:<included in forrney: 'beﬂfodnd‘ibelb{ii’ the &112LF _
The importance :of;isuch- bodies as aqu:lfers ould-C éﬁe“hﬁ uii;h"f‘theif’ thiék?fess; '
and areal.extent, rthejcharacter. of! thé: wsortell matertal ot uhich: thdy'are’ o0
composed, . and; their susceptibilityrto. recharge from | Verlfiing'?bodi 8%
many places. these:bodies;probably:care; completely covered with’ the' £i11,
so that recharge;; fromwprecipitationmannot%freach"? d;lxemﬁ%ﬁ’ré:.].y'L *‘Theirfvalue AL -
as permanent. sources of water supplies may.'@epend;stheir; ©n" th’é""a‘ixféunt of-0lc
recharge through the relatively tight till1 cover.

.z»w”\}a

oL ©a g ?@ T L8 R " Q’ﬁ‘x 3.-', a;{r' Ppas é'g*“'g *‘1‘*‘3{" ‘&'j ﬁ;_{:;?}
wed”, Glaciofluvialﬂ materials +included? :’mwei"f}otherwis 1associ”é‘be‘a‘:’\ii hithe BV
red tlll were:. fouhdan est holestatﬁthe“following? 1ocations’“ sbarg) Letrelom
: i 1 fVéJmf abdd da [faw & Jpodewstsn ol Ielisyor ady "o
w3 - NEZ: 860320, T  LAQ3NG I RGFLT Wi oL4VTe étﬁof“(%i‘v}f{i’f??qﬂ
coar se Sand,end grayel wa ound‘nin*USGSﬂtesté“ 49-18 L*Béiz‘."'e’.*.b.ﬁe’f?v:mit.y feet

of clayey material,separates:thisnsand and'agravelhbed&ﬁ' Bthe s gliv i‘éia‘l": B

glaciofluvial nmaterisls, it is quite*zpossible thatithe bed may be- c:oxrmec‘l‘»ed‘“"r

with the upper deposits somewhere in the vicinity. If that is the case )
300+

it is likely thataiwell-of:modeératelyield~(én! thef‘order*oi‘“lSO’“‘bo

- gallons a mimte)-could ibe.iconstructéd there. “Pumping“tests on'a finished “r‘i
well a8t this. location,«,swith ssuitable fobservation” t}elléf“might Mdicate"whether

the bed.is entirely jconfined oris" connected hydraulically with 8 s‘iibs’t antial

source of recharge PR is:e?*ﬁ:,thvi’ v iaw i . el ok AL P L

., ab omn B U % LI el dan PO S (‘3’15 ?" Lr i ;\

(2) In the NE&-SI&NE-& sec. 28, T.s 49N ”\RM17 W20 Fadt % ‘of sand

gravel was penetrated in USGS tests 48-3 and 48-5 between depths of 75 and
95 feet. :This meterial was not found either ‘in‘*USCS tdét 48-1 Uirhic




was drilled a short distance south, ‘It is‘hot likely that these aquifers
_would be-of mich importance in ‘themselves tut, 1f wells were drilled in

this area to exploit the water from the shallow glaciofluvial deposits,

it might be feasible to develop the lower gravel beds as supplemental sources
at the same time.»v i ‘

(3) In the SW%NH&SR% sec. 34, T 49 N., R 17 W., 51 feet of sand
ranging from fine to coarse was penetrated between depths of 16 to 67 feet,
Sanmples : showed some clay in most of this*materlale. It probably is ‘8 poor
aquifer. L ; ’

(4) In the SE*SELSE4 secs 24, T. 49 N., R, 18 w., 18 feet of very
coarse. ‘gand and: gravel was penetrated in USGS test' 49-2 between depths of
107 and 125 feet, = The sanples: con+a1ned considerable clay._ This bed :
probahly" is of little importance as an’ aqulfer. SR R ,

(5) The most notable aqulfer known “to be associ ted with thehred .
+ill in: the ares has been- developed byfthe city of ClZcuet in it east

well field-in the SWNEINEL sec. 27, Te 49N, Re 17 W, 1 A
time the city has three supply wells in this- field, all wlthin 150 feot

of each other, Numerous test holes were drilled in a very small erea to

loczate the sites for these wells and ‘in futile attempts to locate addit*onal
well sites neerby, The log of ‘city supply Well 5 indicates 43 féet of and
and gravel- between depths of 68 and 111° feet, ‘and the log of well 6 indic 3
about 45 feet of:sanc and gravel between: depths of 68 and’ 113 feet° The og.
of city. supply well-2 indicates 30 feet of sand and- gravel between depths
‘of 70, and-100-feet,:: Test holes drilled very near these wells failed to ;f,"
encounter an} 1mportant Water-bearing materials. SRS - '

well 2, about 140apa1lons a: mlnute, well 5, ‘about’ 550 gail s & minut
. well 6 about :100 gallons -a m;nute. 1 :

L pumping test was made in April 1948. Well 5 was pumped at a rate of

409 rallons a minute and water-level measurements were made in wells 2 and
6o As in the test on well 3, in sec, 28, it was not possible to control the

pumping rate closely because of" changlnglpressure in the distribution system,
4ilso, it became necessary to pump one of the other wells in the field before
the test was completed, which introduced additional complications, The
coefficient of transmlss1bility estimated from the tests is about 30,000
callons a day per foot,

Although available water-level data have not indicated a progressive
or serious permanent lowering of the water level in this well field, it is
not likely that much addltional water can be developed: fram this aquifer.

In some parts of the erea, the upper red drift rests upon an older
drift which is gray to brown in color., In some places the two drift sheets
are separated by a weathered zone, and, as shown in some of the test holes,
by a considerable thickness of peat,




-6-

Presumably the chances for penetrating glaciogluvial aguifers in or
assoclisted with the older drift should be about as good as in the case-of
the red till gbove . However, no aquifers of importance were found in the.
older drift in any of the test holes, : :

' The bedrock of the area consists of interbedded Slates, graywacke-
slates, and graywackes, It is exposed along the St. Louls River in the
southern half of the aresa, _ ,

The bedrock is of little importance as a source of dater suaply, only
three wells in Knife Falls Township are known to-yield water from it, They
vield but small quantities of water at poor quality, probably from crevices,.

In conclusion, it appears that the surficial glaciofluvial -dquifers
which cover a large part of the area offer the best possibility for
development of additional ground-water supplies, Because of the char-
acter of the materials composing these aquifers and because they are
relatively thin in most places, it probable will not be feasible in most
places to develop drilled wells that will yield more than about 100 to -
200 gallons a minute, Conaiderably larger yields might be obtained in
some areas, especially areas along Otter Creek,

. Supplies adequate to meet additional municipal demands arising from
normal - growth of the community probably can be developed economically,
from the glaciofluvial aquifers, However, to exploit fully the ground-
water resources of the area would require a large mmber of wells of
relatively small yield spread over a large part of the township, To develop
ground~-water supplies totaling 10 million gallons a day from the area for
industrial purposes, therefore, would be expensive and probably not econcm-—
ically feasible. Also, it is believed that natural recharge from precipitation
within Knife Falls Township would not support such a development; whether
sufficient additional recharge could be induced by pumping from wells near
streams such as Otter Creek to permit a total withdrawal of 10 million gallons
a day cammot be determined with available data.

Interior—Duplicating Section, Washington, D. C. 88826




CLOQUET
AREA
|
i
i
i
i
e
l‘\*
[}
—

FIGURE 1.

MAP OF MINNESOTA SHOWING CLOQUET AREA.
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FIGURE 2—GEOLOGIC MAP OF THE CLOQUET AREA.
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